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June 24, 2022 

Via Electronic Submittal: https://ww2.arb.ca.gov/applications/public-comments 

Clerks’ Office 
California Air Resources Board  
1001 I Street 
Sacramento, California 95814 

Re: Comments from The Two Hundred For Homeownership on the Environmental 
Assessment for the Draft 2022 Scoping Plan 

Dear Madame or Sir: 

We represent The Two Hundred, a statewide coalition of community leaders, opinion makers 
and minority advocates, formed to mitigate the growing racial wealth gap through 
homeownership and home building in California. We are honored and grateful to submit these 
comments regarding Appendix B of the Draft 2022 Scoping Plan (“Scoping Plan”) on their 
behalf. Appendix B of the Scoping Plan is the Draft Environmental Analysis (“EA”) prepared 
pursuant to the California Air Resources Board’s (“CARB”) certified regulatory program for 
compliance with the California Environmental Quality Act (“CEQA”).1 The EA is a 
“programmatic” analysis for “implementation of the 2022 Scoping Plan.”2  

The legal errors in the EA are both profound and profuse. Broadly, the EA fails as an 
informational document because it (I) does not correctly characterize the Project, (II) does not 
analyze cumulative impacts of the Project, (III) fails to identify significant unavoidable impacts 
(IV) does not analyze a reasonable range of alternatives, (V) does not adequately disclose the
environmental impacts of its Measures on any resource category, and (VI) fails to articulate
lawful mitigation measures.

1 Projects approved under certified regulatory programs “remain subject to the broad policy goals and substantive 
standards of CEQA not affected by the limited exemption set forth in section 21080.5, subdivision (c).” Pesticide 
Action Network North America v. Department of Pesticide Regulation (2017) 16 Cal.App.5th 224, 242, citing Sierra 
Club v. State Bd. of Forestry (1994) 7 Cal.4th 121 (approval of timber harvest plans through certified regulatory program must 
comply with CEQA’s substantive requirements.). 
2 EA, at p. 1.  
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I. The Environmental Assessment Must Comply With CEQA By Analyzing the 
Reasonably Foreseeable Impacts of the “Whole of the Action” the CARB Will Take in 
Approving the Scoping Plan. 
 
Although CARB claims an exemption from CEQA pursuant to its certified regulatory program, 
“[a] certified program remains subject to other provisions in CEQA such as the policy of 
avoiding significant adverse effects on the environment where feasible.”3 As such, the EA must 
review the impacts of the whole “project,” as defined by CEQA. First, for “CEQA's purposes, 
‘[p]roject’ means an activity which may cause either a direct physical change in the environment, 
or a reasonably foreseeable indirect physical change in the environment.”4 Second, the “Project” 
must include the “whole of the action,” including “ARB's action in enacting the regulations plus 
its actions in implementing of the regulations.”5 In violation of this principle, the EA attempts to 
bypass CEQA by mischaracterizing the Project, stating that that the Scoping Plan approval 
“would not lead directly to any adverse impacts on the environment” because CARB's approval 
“does not authorize any activities that would change the physical environment.”6 Such a claim – 
that a lead agency’s approval of a foundational plan to direct future agency decisions that 
authorizing actual construction and related changes to the environment does not require 
assessment under CEQA – was decisively considered, and rejected, in numerous court challenges 
resolved decades ago.7 The “project” CARB is required to consider in the EA is the entirety of 
the Scoping Plan, for which a “summary” is provided in Chapter 2 of the EA.8  
 

A. The EA Must Review the Direct Effects of the Scoping Plan Activities and 
the Reasonably Foreseeable Indirect Effects Thereof. 

The EA neglects to conduct a detailed impacts analysis of many Measures, claiming that there is 
too much uncertainty around actual implementation given its programmatic level. Relatedly, the 
Attorney General has, on multiple occasions, tried and failed to persuade the courts that the 
Scoping Plan has “no physical impacts on the environment.”9 Furthermore, on one prior 
occasion, the Attorney General asserted this in a remarkable Demurrer to a still-pending lawsuit 
                                                 
3 CEQA Guidelines § 15250; see also Id., Sierra Club v. State Bd. of Forestry (1994) 7 Cal.4th 1215, 1220. 
4 Muzzy Ranch Co. v. Solano County Airport Land Use Com. (2007) 41 Cal.4th 372, 381–382, as modified (Sept. 12, 
2007) 
5 POET, LLC v. State Air Resources Bd. (2017) 12 Cal.App.5th 52, 74. 
6 Id. But note that “[t]he notion that the project itself must directly have directly have such an effect [on the 
environment] was effectively scotched in Friends of Mammoth.” People ex rel. Younger v. Local Agency Formation 
Com. (1978) 81 Cal.App.3d 464, 479 citing Friends of Mammoth v. Board of Supervisors (1972) 8 Cal.3d 247, 265 
7 Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 281 (holding that CEQA applies to annexation of 
land into county and that even though LAFCO was not itself authorizing project construction, as the lead agency it 
must analyze project impacts); see also Twain Harte Homeowners Association, Inc. v. County of Tuolumne (1982) 
128 Cal.App.3d 644 and Koster v. County of San Joaquin (1996) 47 Cal.App.4th 29 (holding that General Plan 
adoption triggers CEQA even though no physical construction was authorized by General Plan and subsequent 
agency approvals would be obtained before any such physical construction activities occurred). 
8 EA, at p. 1. 
9 See generally The Two Hundred v. California Air Resources Board, Order on Demurrer After Hearing, (Super. Ct. 
Fresno County, 2018, No. 18CEC601494). 
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by our client The Two Hundred against the 2017 Scoping Plan wherein the Attorney General 
also asserted that it was entirely Constitutional for CARB to impose racially-discriminatory 
housing measures given the climate emergency.10 
 
In fact, the Scoping Plan includes a discrete set of CARB staff policy decisions which would 
result in a “physical change to the environment,” As acknowledged in the EA, the Scoping Plan 
“project” is the “set of measures” included in Tables 2-2 and 2-3 in Chapter 2 of the Scoping 
Plan (hereinafter referred to as “Measures”); CARB staff has selected these Measures to 
“achieve carbon neutrality by 2045.”11 The Plan expands on the substantive content of these 
Measures in Chapter 4, which lists multiple “Strategies for Achieving Success” that identify 
further physical changes to the environment that must be made to implement the Scoping Plan 
(“Strategies”). (as used hereinafter, “Measures” are used to describe both Measures and 
Strategies unless otherwise indicated) As explained in the EA: 
 

1. This [EA] analysis addresses the environmental impact resulting from implementing 
the proposed 2022 Scoping Plan, compared to a baseline consisting of existing 
conditions. 

2. The analysis of environmental impacts is based on the effects of compliance 
responses that are reasonably foreseeable, if the measures in the 2022 Scoping Plan 
are implemented. 

3. The analysis in this Draft EA addresses environmental impacts both within California 
and outside the state to the extent that they are reasonably foreseeable and do not 
require speculation. 

4. The level of detail in the impact analysis is necessarily and appropriately general 
because the 2022 Scoping Plan . . . is itself programmatic. Furthermore, it would be 
speculative to predict decisions by other entities regarding the specific location and 
design of new or modified facilities, source and production of materials, and other 
activities that may be undertaken to implement measures in the 2022 Scoping Plan.12  

 
The EA overplays the uncertainty of implementation to conclude that that impacts are 
“potentially significant,” but ignores impacts and implementation that is very reasonably 
foreseeable. The EA claims that it can only complete a certain level of analysis at this 
programmatic level.13 While the EA claims that “[t]he impact analysis is based on foreseeable 
compliance responses that rely on a set of reasonable assumptions,” CARB actually fails to 
analyze several reasonably foreseeable compliance actions which could result in impact of the 

                                                 
10 See The Two Hundred v. California Air Resources Board, Order on Demurrer After Hearing, (Super. Ct. Fresno 
County, 2018, No. 18CEC601494), 12 (“[W]hile defendants argue that there is no constitutionally protected right to 
housing free of discrimination and thus plaintiffs have not stated a valid due process claim, the court notes that it is 
well—established that there is a constitutional right to be free of discrimination based on race.”). 
11 EA, at p. 11. 
12 EA, at p. 7. 
13 EA, at p. 1.  
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environment.14  In fact, the Scoping Plan selects some Measures, and rejects others, including 
Measures such as: 
 

 the massive expansion of solar and wind electric generation facilities which do in fact 
have reasonably foreseeable locations, as well as modifications to transmission, 
substation, and other distribution infrastructure which are likewise reasonably 
foreseeable and in documentation commissioned by and submitted to CARB; 

 a ten-fold expansion of forest “management” activities including timber harvesting and 
tree/vegetation removal which likewise will occur in reasonably foreseeable locations 
and - to pick just one example - will generate many thousands of tons of wood waste and 
debris requiring disposal or other management; 

 the prescribed development of most new housing in transit priority areas (or equivalent), 
each of which is identified in Sustainable Communities Strategies prepared for both 
urban and other California regions which have been submitted to and accepted by CARB 
as meeting regional GHG reduction standards pursuant to SB 375; and  

 the physical modification of scores of stationary sources of emissions subject to the Cap 
and Trade program, including but not limited to the installation of carbon capture and 
sequestration technologies requiring the modification of existing facilities as well as the 
construction or modification of off-site pipeline conveyance and sequestration facilities. 

 The Plan boasts that “California has never undertaken as comprehensive, far reaching, 
and transformative an approach to climate change as this plan” and acknowledges that 
the Scoping Plan affects “every aspect of how we work, play and travel in 
California.”15 The EA then goes on to identify twelve categories of “reasonably 
foreseeable compliance responses” and explains that all are analyzed against the 
“existing environmental conditions and regulations” baseline.16  

 
In short, the Scoping Plan, its Measures, CARB’s implementation of those Measures, and the 
reasonably foreseeable effects of that implementation constitutes the “project.” The 
implementation of the Measures has more certain and ascertainable impacts than CARB 
portends.  
 

B. The EA Must Analyze the “Whole of the Action.” 

In claiming that there is too much uncertainty about the implementation of the Measures to fully 
analyze their impacts in detail, the EA fails to adequately analyze the “whole of the action” 
constituting the project. While CARB has repeatedly tried, and failed in prior litigation to 
persuade courts that it does not have to really comply with CEQA for its Scoping Plan, courts 
have had none of it, holding that CARB must analyze “the whole of the activity constituting the 

                                                 
14 Id. 
15 Scoping Plan, Executive Summary, at p. ix (emphasis added).  
16 EA, at pp. 18-27.  
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‘project’ includ[ing] the enactment, implementation and enforcement of the [Scoping Plan].”17 
Since the Scoping Plan identifies the concrete Measures described above and because the 
Scoping Plan is based on Measures which have been selected and rejected with certainty, the EA 
must review all of these Measures in as much detail as is currently known. 
 
Having inadequately described the Scoping Plan “project,” the EA then fails to disclose, analyze, 
or mitigate the impacts of almost all Measures that it does go on to analyze. “Because of CEQA's 
broad policy goals apply, the agency's environmental review document must include the same 
types of basic informational information as an EIR including a description of the activity and an 
analysis of impacts, mitigation measures, alternatives, and cumulative impacts.”18  

 
II. The EA Entirely Omits Any Analysis of Cumulative Impacts for Any CEQA Impact 
Category in Violation of CEQA. 

 
CARB's willful violation of CEQA need go no further than the EA's omission of any 
“cumulative impact” of Scoping Plan implementation. Other state agencies have tried and failed 
to persuade courts that they should be excused from the CEQA obligation to analyze cumulative 
impacts. CARB chose to blatantly violate the law.19  

 
III. The EA Fails to Identify Significant Unavoidable Impacts. 

 
The EA's impact summary states that 25 of 34 impact categories and subcategories are each 
“Potentially Significant and Unavoidable.” This is a violation of CEQA: CARB may not duck its 
legal obligation to reach a conclusion about whether an impact is in fact significant and 
unavoidable. The CEQA Guidelines require that an EIR include a discussion of “Significant 
Environmental Effects Which Cannot be Avoided if the Proposed Project is Implemented.”20 The 
addition of the word “Potentially” plainly ignores the language of the Guidelines. The 
uncertainty expressed undermines the entire purpose of CEQA: “to demonstrate to an 
apprehensive citizenry that the agency has, in fact, analyzed and considered the ecological 
implications of its action.”21 
 
IV. The EA Fails to Identify or Analyze a Reasonable Range of Alternatives to Avoid or 
Minimize Significant Adverse Impacts to the Environment. 

 

                                                 
17 POET, LLC v. State Air Resources Bd. (2017) 12 Cal.App.5th 52, 57 (CARB was required by CEQA to analyze 
the regulation being promulgated and the effects of implementing those regulations, including the foreseeable effects 
of the Low Carbon Fuel Standards.). 
18 Koska & Zischke, Practice Under the California Environmental Quality Act, §21.13; see also Pesticide Action 
Network N. Am. V. California Dep't of Pesticide Regulation (2017) 16 Cal.App 5th 224, 227.  
19 Koska & Zischke, Practice Under the California Environmental Quality Act, § 21.14. 
20 CEQA Guidelines 15162.  
21 Save Round Valley Alliance v. County of Inyo (2007) 157 Cal.App.4th 1437, 1446 (internal citations omitted).  
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The EA's failure to determine which impacts remain significant and unavoidable after mitigation 
renders the EA's analysis of alternatives fatally flawed. As the EA itself acknowledges: 

 
CEQA Guidelines section 15126.6(a) speaks to the need to describe 'a range of 
reasonable alternatives to the project, or to the location of the project, which would 
feasibly attain most of the basic objectives of the project but would avoid or 
substantially lessen any of the significant effects of the project, and evaluate the 
comparative merits of the alternatives.' The purpose of the alternatives analysis is to 
determine whether different approaches to or variations of the project would reduce or 
eliminate significant project impacts, within the basic framework of the objectives, a 
principle that is consistent with CARB's certified regulatory program requirements.22 
 

The EA goes on to describe 3 alternatives in addition to the no project alternative, comparing 
them against the Scoping Plan's objectives.23 The entirety of the environmental analysis for each 
alternative is set forth in one conclusory and incomplete paragraph, devoid of analysis and 
largely devoid of reference to the 25 sub-categories of impacts which CARB has identified as 
“PSU” (potentially significant and unavoidable) in the EA Impact Summary Table.24 
 
The Regents of the University of California tried this shoddy sleight of hand to avoid meaningful 
analysis in an EIR evaluating the relocation of some operations into the Laurel Heights 
neighborhood in San Francisco.25 The Supreme Court issued a stinging rebuke, first noting 
CEQA requires that alternatives to proposed projects must be “thoroughly assessed,” then 
holding that CEQA requires a “meaningful analysis of alternatives” that include “facts and 
analysis, not just the agency's bare conclusions or opinions.”26 The Supreme Court continued: 
 

The EIR prepared by UCSF contains no analysis of any alternative locations. An 
EIR's discussion of alternatives must contain analysis sufficient to allow informed 
decision making… The Regents argue that alternatives had already been 
considered and found to be infeasible during the University's various internal 
planning processes and that an EIR need not discuss a clearly infeasible project 
alternative….The Regents miss the critical point that the public must be equally 
informed. Without meaningful analysis of alternatives in the EIR, neither the 
courts nor the public can fulfill their proper roles in the CEQA process. We do not 
impugn the integrity of the Regents, but neither can we countenance a result that 
would require blind trust by the public, especially in light of CEQA's fundamental 
goal that the public be fully informed as to the environmental consequences of 

                                                 
22 EA, p. 251 (emphasis added). 
23 EA, Attachment B: Summary of Impacts; see also EA, at pp. 255-56.  
24 Id. Table 7-1, at pp. 256-57.  
25 Laurel Heights Improvement Assn. v. Regents of University of California (1988) 47 Cal.3d 376, 404, as modified 
on denial of reh'g (Jan. 26, 1989). 
26 See id. at p. 400, quoting Wildlife Alive v. Chickering (1976) 18 Cal.3d 190, 197 and id. at p. 404-05, quoting 
Concerned Citizens of Costa Mesa, Inc. v. 32nd Dist. Agricultural Assn. (1986) 42 Cal.3d 929, 935.  
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action by their public officials…If the Regents considered various alternatives and 
found them to be infeasible, we assume, absent evidence to the contrary, that they 
had good reasons for doing so. Those alternatives and the reasons they were 
rejected, however, must be discussed in the EIR in sufficient detail to enable 
meaningful participation and criticism by the public. … If the Regents previously 
considered alternatives in their internal processes as carefully as they now claim 
to have done, it seems the Regents could have included that information in the 
EIR. The Regents also contend the Association failed to point to any evidence in 
the record that demonstrates reasonable alternatives to moving the School of 
Pharmacy research units to Laurel Heights. This argument is somewhat 
disingenuous given the Regents' own failure to provide any meaningful 
information regarding alternatives. It is the project proponent's responsibility to 
provide an adequate discussion of alternatives… That responsibility is not 
dependent in the first instance on a showing by the public that there are feasible 
alternatives. If the project proponent concludes there are no feasible alternatives, 
it must explain in meaningful detail in the EIR the basis for that 
conclusion…CEQA requires that governmental agencies consider reasonable 
alternatives. It is not limited to alternatives proposed and justified by objectors [to 
an EIR]. (internal citations and quotation marks omitted).27 
 

The EA alternatives selection and analysis fails on all counts. First, there is no explanation 
linking the selection of alternatives to the avoidance or minimization of adverse impacts; instead 
the alternatives simply reflect different GHG reduction measure policy choices (faster phase out 
of fossil fuels versus slower, more/faster versus less/slower deployment of certain technologies).  
The EA concludes that operational as well as construction impacts are “PSU” for aesthetics, 
agriculture and forests, air quality, biological resources, cultural resources, geology and soils, 
hazards and hazardous materials, land use and planning, noise, transportation/traffic, tribal 
cultural resources, utilities and service systems, and wildfire. The EA's failure to identify and 
evaluate a reasonable range of alternatives that avoid or substantially reduce these (or some 
subset of these) impacts is a fatal legal flaw under CEQA.  
 
V. EA Fails to Disclose, Analyze or Mitigate Significant Adverse Environmental 
Impacts for Scoping Plan Measures.  

 
The EA avoids disclosure, impact analysis, cumulative impact analysis and the imposition of all 
feasible mitigation measures to avoid or reduce significant adverse impacts (including an 
assessment of mitigation measure effectiveness) for almost all Scoping Plan Measures in 
violation of CEQA.  
 
A closer examination of just four of the Measures demonstrate the EA's failure to disclose both 
currently known and reasonably foreseeable construction and operational impacts, and 

                                                 
27 Id. at pp. 404-06.  
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unlawfully defers both analysis and mitigation of such impacts to later agency actions in 
violation of CEQA's prohibitions on both piecemealing (breaking up the larger project of making 
California carbon neutral by 2045 into smaller subparts to avoid comprehensive environmental 
analysis of the “whole of the project”), and unlawful deferral of feasible mitigation to avoid or 
minimize such impacts. CARB, like other state agencies, claims that it is somehow too 
speculative to really do the disclosure, analysis and mitigation required to comply with CEQA. 
Courts haven't bought these arguments28, and CARB's latest attempt to circumvent CEQA is 
constitutes willful violation of CEQA. Four specific examples of Measures whose impacts are 
not analyzed completely are provided below: 

 
A. Solar & Wind Generation Facilities Required for Retail Electricity Supply.29  
 

The Scoping Plan includes the following Measure: “Per SB 100, achieve 100 percent renewable 
and zero-carbon retail sales [of electricity] by 2045.”30 The Scoping Plan further clarifies that, 
per a 2021 SB 100 Joint Agency Report prepared by CARB, the California Energy Commission, 
and the California Public Utilities Commission (“Joint Report”), non-retail electricity sales as 
well as electricity losses from storage, transmission and distribution lines, are not subject to the 
SB 100 renewable generation mandate.31 Neither the EA nor Scoping Plan describe what portion 
of electricity generation that is not from solar, wind, and battery (“SWB”) facilities will continue 
to occur, presumably from existing non-SWB facilities, and the EA does not disclose the 
location, size or schedule for the required SWB facilities .32  
 
The Scoping Plan acknowledges that a four-fold increase of electricity is required under the 
Proposed Scenario.33 However, due to the intermittent nature of solar and wind generation, even 
more electricity generation capacity as well as electric storage (battery) capacity is required to 
meet projected electricity demand. The Scoping Plan and EA falsely assert, however, that the 
location, size, and pace of SWB development is unknown and thus cannot be disclosed, 
analyzed, or mitigated. 
 

                                                 
28 The agency's certified CEQA regulatory program document “must provide detailed information on the project's 
potential significant effects on the environment and describe mitigation measures and alternatives that could reduce 
the project's significant environmental impacts.” Koska & Zischke, Practice Under the California Environmental 
Quality Act §21.13; see also, Ebbetts Pass Forest Watch v. Dept of Forestry & Fire Protection (2008) 43 Cal.App. 
936, 943.  
29 The Scoping Plan acknowledges that some geothermal generation expansion will occur, but does not provide 
further details. Failure to disclose and analyze geothermal generation expansion is another deficiency in the EA, but 
for purposes of illustrating the magnitude of the EA's deficiency this comment focuses on the omission of SWB. 
30 Scoping Plan, at p. 164. 
31 Scoping Plan, Table 2-2, at p. 60. 
32 Id.  
33 Scoping Plan, Figure 4-5: Projected electricity resources needed by 2045 in the Proposed Scenario, at p. 162, 
demonstrating the increase in need from 50,000 MW to almost 200,000 MW from 2025 to 2045. 
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The Joint Report, and related reports commissioned by the California Energy Commission, 
California Public Utilities Commission, and CARB itself,34 acknowledge the massive expansion 
of SWB facilities as well as transmission lines and related distribution infrastructure are all 
required, and states that “[c]onstruction of clean electricity generation and storage facilities must 
be sustained at record-setting rates.”35  
 
An expert CEQA consulting firm, ERM, examined CARB and other Joint Agency-
commissioned studies that do in fact describe the size, scale and location of the planned “massive 
expansion” in these facilities, in a report titled Final Draft Assessment Report - Potential Impacts 
of California's High Electrification Scenario, 2021 (hereinafter “ERM Report”),36 including for 
example a report prepared by The Nature Conservancy and E3 called “The Power of Place” 
(“E3-TNC”) which sites are targeted for development of solar or wind facilities using 9 different 
scenarios which vary the amount of electricity imported into California (and thus partly reduce 
the need for California-sited generation facilities) and vary siting criteria to maximize avoidance 
of prioritized environmental impacts such as protected species and habitat. The siting Figure is 
reprinted here, as well as included in the ERM Report.  

                                                 
34 See, e.g., Wu et al. 2019 (“E3-TNC”) Power of Place: Land Conservation and Clean Energy Pathways for 
California, which provides details regarding the size, location and cost of solar wind, bulk transmission generation 
and geothermal facilities in California and other states required to implement the High Electrification Scenario as 
further described in ERM Report. 
35 SB 100 Joint Agency Report Summary, at p. 8, available at 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239588&DocumentContentId=73021 .  
36 ERM, Final Draft Assessment Report - Potential Impacts of California's High Electrification Scenario, 2021. The 
ERM Report is included in its entirety as Attachment A to this comment letter. Each subsection of the ERM Report 
(e.g., section 2.3.1) constitutes a separate comment on the Scoping Plan, relating to failure to accurately describe 
energy costs, economic and equity impacts, land use and environmental impacts, and waste materials and volumes, 
of this SWB measure in the Scoping Plan. ERM has extensive experience in preparing EIRs for renewable energy 
projects in California, including analyzing and mitigating the environmental impacts of such projects as required by 
CEQA. 
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The ERM Report includes this E3-TNC and related Joint Agency studies, which collectively 
constitute the reasonably foreseeable physical consequences to the environment of just this 100 
percent renewable retail electricity Measure. The ERM Report then uses the least impactful of 
the nine scenarios, which maximizes importation of electricity from other states and which 
avoids and minimizes impacts to prioritized environmental resources, to disclose the 
environmental impacts of the lowest impact version of this one Measure. 
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The ERM Report, using the physical siting, sizing, and scheduling information regarding SW 
facilities commissioned by and known to CARB, to identify the environmental impacts of this 
Measure. As set forth in the ERM Report: 
 

 By 2050 installed capacity will need to increase by approximately 489 to 650 percent for 
solar and 30 to 250 percent for wind to provide the necessary supply. This is a net 
increase of between 101.5 to 107.3 gigawatts (“GW”) of solar and 4.7 to 15.42 GW of 
wind.37 

 Approximately 70 percent of overall solar and wind development would occur in the San 
Joaquin Valley and Mojave/Sonora desert regions; however, after accounting for land 
conservation and development prohibitions, only about 30 percent of these regions would 
likely be eligible for permits under existing legal constraints.  

 If such development were in fact to occur, approximately 11,000 acres of wetlands and 
regulated waters, 43,000 acres of critical habitat, 40,000 acres of important bird areas, 
2,000 acres of wildlife linkages, 119,000 acres of prime farmland, 100,000 acres of 
agricultural land, and 30,000 acres of rangeland would be impacted. Impacted protected 
species include the Giant Kangaroo rat, the San Joaquin Kit Fox, the Blunt Nosed 
Leopard Lizard, and the Desert Tortoise.38 

 Assuming that California can in fact access the desired amount of electricity imports 
from other states, “approximately 740,000 to 1.24 million acres will be converted from 
agricultural, rangeland, and open space to industrial land in order to supply the needed 
electricity.”39 The ERM Report illustrates the size of this development activity on the Los 
Angeles area map; below is the construction overlay onto the Bay Area - which swallows 
San Francisco, Silicon Valley, San Jose, most of the Bay itself, and large swaths of 
Oakland and other East Bay cities. CARB's Scoping Plan and Environmental Assessment 
provide zero disclosure of the massive size, and massive impacts, of even this one 
Measure, as shown the Figure below. 

 

                                                 
37 ERM Report, at p. 1.  
38 Id. at p. 4.  
39 Id. at p. 3.  
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Low Acre Conversion Estimate for Solar/Wind Facilities Required to Provide Retail Electricity from Renewable Sources; 
Estimate Assumes Increasing Already Massive Importation of Electricity from Other States. 
 

 The increase in development is between 14 and 25 percent of the approximately 5.19 
million acres of urbanized land in California.40 

 The increase in solar development is approximately 6 to 10 times more than current solar 
facility development. Installed solar capacity in Fresno and Kings county combined is 
only 1.3 percent of the land area needed for solar.41 

 The size of solar facilities would need to increase from today's average of 120 acres to an 
average of 988 acres.42 

 The required schedule for solar and wind buildout would continue the record high 
buildout year for the next 25 years.43 

 The ERM Report also describes other reasonably foreseeable impacts of this 100 percent 
renewable energy for retail sales measure, including for example foreseeable waste 
volumes associated with the routine and far more frequent need to replace batteries, 
windmill equipment, and solar panels. For example, battery equipment has a limited 
duration lifespan of about 13 years, wind turbines typically last 20 to 25 years, while 
solar PV panels last approximately 30 years, and thereafter must be replaced.44 The EA 
does not disclose, analyze, or mitigate for this massive increase in electronic wastes, 
some of which include hazardous chemical constituents that require special handling 
under California's universal waste laws. Recycling and disposal both involve operations 
of waste handling facilities as well as waste transportation, and battery recyclers in 
particular have created legacy hazard conditions requiring regulatory interventions and 

                                                 
40 Id.  
41 Id.  
42 Id. at p. 71.  
43 Id. at p. 73.  
44 Id. at p. 139.  
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taxpayer funded cleanups. The ERM Report identifies waste handling volumes omitted 
from the EA, which neither acknowledges, analyzes, or mitigates for these massive new 
quantities of spent batteries, solar panels, and turbines.45 The EA omits even the most 
basic waste volume and landfill capacity analysis, which applies to shipping materials for 
new SWB equipment, new transmission and distribution lines and substations, and 
demolished or replaced existing infrastructure.46  
 

More detailed information regarding this Measure that the EA fails to disclose, analyze, or 
mitigate is included in the ERM Report in Chapters 1, 2, 4 and 5. 
 

B. Ban on Affordable Personal Vehicles and 30% Decrease in Personal Mobility  
 

The Scoping Plan includes numerous measures to transition various categories of vehicles to 
electricity or hydrogen fuel sources, and to partly transition other vehicle categories to reduce but 
not eliminate fossil fuel use.47 As with the Facility Measures, the EA does not disclose, analyze, 
or mitigate the physical effects to the environment of constructing or operating the required new 
solar, wind, and battery (“SWB”) facilities, hydrogen, hydrogen fuel cell, or biomass fuel power 
source replacements, or of transporting, storing, and dispensing these new vehicular fuel sources 
at the scale needed to achieve Scoping Plan compliance. Please refer to our separate comment on 
the mandated phase-out of internal combustion engines, which is incorporated herein as a 
comment on the EA. 
 
The Scoping Plan also establishes new Vehicle Miles Traveled (“VMT”) reduction targets for 
specified vehicular categories. While the overall VMT reduction target is 22 percent by 204548, 
the Scoping Plan calls for all GHG reductions to be achieved from “light duty” cars and pickup 
trucks, resulting in the need for a 30 percent VMT reduction for the passenger vehicles used by 
individuals and families. CARB staff has made the discretionary determination that these VMT 
reductions by California residents are required even with the planned EV fleet transition, and 
even with CARB's recognition that direct carbon removal technology and land management 
practices should be used to offset some GHG impacts - but not the GHG emissions from families 
that cannot afford to buy an electric vehicle.  
 
As a legal matter, CARB's VMT reduction measure is legally infeasible, as well as unlawful, for 
the civil rights and mobility law reasons addressed in our pending lawsuits49 and in a separate 

                                                 
45 Id. at pp. 138-39.  
46 Id. at pp. 132-39. 
47 See e.g., Scoping Plan, Table 2-2, at p. 58 (proscribing the following actions: “100 percent of LDV sales are ZEV 
by 2035,” “100 percent of medium duty (MD)/HDV sales are ZEV by 2040,” “10 percent of aviation fuel demand is 
met by electricity (batteries) or hydrogen (fuel cells) in 2045.”). 
48 Scoping Plan, Table 2-2, at p. 59. 
49 See The Two Hundred et al. v. California Air Resources Board et al., (Super. Ct. Fresno County), Case No. 
18CECG01494, attached hereto as Attachment B and The Two Hundred et al., v. The Governor’s Office of Planning 
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comment letter.. For ease of reference, each of these pending Petitions has been marked with 
comment numbers in the margin, as each paragraph of each lawsuit is separately submitted as a 
comment to this Scoping Plan and EA and attached hereto. 
 
The adverse environmental impacts of mandating VMT reductions have been well documented 
under SB 375, but are wholly and unlawfully ignored in the EA. As background, SB 375 
expressly establishes a process by which regional GHG reduction targets must be established. 
CARB has published current GHG reduction targets on its website.50 The most ambitious SB 375 
reduction targets, for the most urbanized regions with the most transit service, is 19 percent 
below 2005 levels by 2035.51 All other regions have targets of 16 percent or less and some rural 
regions have targets below 10 percent.52 Differing regional targets are consistent Legislatively-
mandated SB 375 target setting procedures. Also under SB 375, each region is required to 
develop a plan (a sustainable communities strategy or alternative compliance strategy, 
collectively referred to as “SB 375 Plan”) for achieving these regional GHG reduction targets53; 
each region has done so and has also certified an Environmental Impact Report (“EIR”) or other 
CEQA compliance document (collectively, “EIRs”) for their SB 375 Plan.54 These SB 375 Plan 
EIRs document a staggering list of significant unmitigated adverse impacts to the physical 
environment; the Summary Impact Tables for the most recent of each such SB 375 Plan are 
included as Attachment D here. Like CARB, the regional agencies that adopt SB 375 Plans do 
not approve the commencement of physical (e.g., construction) changes to the environment. 
However, also like CARB, each such regional agency is required by CEQA to disclose the 
environmental impacts associated with such SB 375 Plans, such as substantial increases in 
housing and population densities for existing communities, and substantial shifts in planning 
resources away from roads and highways and into transit, bike paths, and higher density 
development near high frequency public transit to reduce VMT.55  
 
The Scoping Plan acknowledges that the SB 375 VMT reduction aspirations have not been 
achieved in practice, and in fact that with the exception of the pandemic shutdown period, VMT 
has increased even while public transit investments and services have expanded. 56 An important 
new study from the UCLA has again exhaustively documented why fixed route public transit 
(bus and rail) dropped precipitously pre-COVID in Southern California even as massive public 
investments in transit systems had resulted in significantly expanded transit service without any 

                                                 
and Research et al., (Super. Ct. Sac. County.), Case No. 34-2020-80003447-CU-WM-GDS, attached hereto as 
Attachment C. 
50 Regional Plan Targets, CARB, available at https://ww2.arb.ca.gov/our-work/programs/sustainable-communities-
program/regional-plan-targets.  
51 See SB 375 Regional Plan Climate Targets, California Air Resources Board, available at Regional Plan Targets | 
California Air Resources Board. 
52 Id.  
53 Id.  
54 See Regional Plans & Evaluations, California Air Resources Board, available at Regional Plans & Evaluations | 
California Air Resources Board. 
55 Id.  
56 Scoping Plan, at pp. 89-90.  
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significant transit fare increase.57 Ridership loss was most significant for lower income 
households that acquired cars. The study confirmed that 55 times more jobs could be accessed by 
car in a 30 minute commute than could be accessed in a 30 minute transit ride, and also noted 
that the overwhelming share of transit ridership was limited to portions of Los Angeles county 
and not the remainder of the region.58 For example, the report notes that “LA Metro, which 
serves Los Angeles, carries over 70% of the region's trips, many of them on its 20 busiest 
routes.” Further, “LA Metro ridership is sufficiently concentrated that from 2011 to 2016 losses 
along a dozen of its routes accounted for 38 percent of all the lost ridership in California.” 
(emphasis in original). The report notes that even though Los Angeles has high population 
density,59 the absence of a historic downtown core built before cars both in LA County and the 
Southern California region render all but a handful of public transit routes more of a social 
service safety net for the poor than a meaningful transportation mode choice.  

 
C.  AB 197 Facility Measures.  
 

Many of the Measures that CARB proposes to undertake under the authority of AB 197 have 
environmental impacts that have not been disclosed, analyzed, or mitigated in the EA. CARB has 
broad but by no means unfettered authority from the Legislature to select greenhouse gas 
(“GHG”) reduction measures for specified types of “facilities” that emit GHG (“Facility 
Measures”). CARB's selection of which Measures should be applied at what time to what types 
of facilities in this Scoping Plan has direct physical effects on the environment. Examples of 
these industrial facility physical modification requirements include: 
 

 25 percent of Ocean-going Vessels are required to use hydrogen fuel cell electric 
technology by 2045.60 Installation and operation of hydrogen fuel cell electric 
technology fuel depots, supply pipelines, fueling equipment, along with demolition 
and modification of complex Port infrastructure, are reasonably foreseeable 
consequences of implementation of this Measure which the EA ignores.  

 75 percent of “Food Product” processing facilities must convert from natural gas to 
“direct or indirect” electricity by 2045.61 Electricity generation can be solar or wind 
(on an intermittent basis), supplemented with batteries, or through hydrogen-based 

                                                 
57 M. Manville et al., Vehicle access and falling transit ridership: evidence from Southern California, UCLA 
Department of Urban Planning, Institute of Transportation Studies, and Lewis Center for Regional Policy Studies 
(2022), at fn 3, available at Vehicle access and falling transit ridership: evidence from Southern California | 
SpringerLink. Copies of these and other cited studies are submitted in their entirety for purposes of the 
administrative record in this Scoping Plan proceeding, in a “Reference Source” list provided in Attachment E. 
58 “In Los Angeles,… job access via automobile in 2014 was 55 times higher than job access by transit.” Id.  
59 The Los Angeles/Long Beach Metropolitan Statistical Area is the most dense in the nation according to the US 
Census; New York City's MSA is second. San Francisco, San Jose, and other California MSAs also rank as more 
dense than cities traditionally considered more dense such as Chicago and Boston. U.S. Population Density Metro 
Area Rank , US Census Data, available at http://www.usa.com/rank/us--population-density--metro-area-rank.htm.  
60 Scoping Plan, Table 2-2, at p. 59.  
61 Id. at p. 61. 
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fuel systems, all of which have known but undisclosed and unanalyzed physical 
impacts to the environment. 

 100 percent of “Chemicals and Allied Products; Pulp and Paper” facilities must 
convert to hydrogen for “process heat,” and electricity for “all other energy demand 
by 2045.”62 As with other industries, these energy source transitions have a physical 
footprint as energy consuming and energy product equipment is modified in complex 
physical plants.  
 

For some but not all of these Facility Measures, the Scoping Plan expressly acknowledges that 
implementation requires physical changes to the environment, e.g., by noting that “[s]ignificant 
increases in marine imports would likely require significant reconfiguring, retrofitting, or 
replacing of crude pipelines and storage tanks at current marine terminals and possible 
reconfiguring of existing finished fuel infrastructure to account for changes in volumes and 
locations of supply points.”63 
 
Under CEQA, CARB, as the lead agency has the legal obligation to first disclose, then analyze, 
then mitigate, physical impacts to the environment.64 The level of detail required is based on 
what's known, and what's reasonably foreseeable.65 
  
The EA fails to disclose the physical impacts to the environment of the Facility Measures, 
including but not limited to construction-phase impacts such as air emissions, and hazardous 
materials and accident risks, onsite operational impacts following Facility modifications, indirect 
impacts such as hazards from intermittent power shortages and offsite impacts if as is reasonably 
foreseeable changes to the existing configuration of electricity and natural gas systems as well as 
the creation of new hydrogen-based energy sources, and cumulative impacts from the concurrent 
construction and reconfiguration of all other Facilities during overlapping implementation 
deadlines. 
 

                                                 
62 Id.  
63 Scoping Plan, at p. 84. 
64 “‘[T]he agency which is to act first on the project in question shall be the lead agency (following the principle that 
the environmental impact should be assessed as early as possible in governmental planning).’” Bozung v. Local 
Agency Formation Com. (1975) 13 Cal.3d 263, 282, quoting CEQA Guidelines § 15065, subd. (c) (now CEQA 
Guidelines § 15051 subd. (c).). 
65 “[A]n agency must use its best efforts to find out and disclose all that it reasonably can.” Vineyard Area Citizens 
for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 Cal.4th 412, 428, as modified (Apr. 18, 2007); 
see also San Franciscans for Livable Neighborhoods v. City and County of San Francisco (2018) 26 Cal.App.5th 
596, 614 (“The sufficiency of an EIR is to be reviewed in the light of what is reasonably feasible .... The courts have 
[therefore] looked not for perfection but for adequacy, completeness, and a good faith effort at full disclosure.” The 
overriding issue on review is thus ‘whether the [lead agency] reasonably and in good faith discussed [a project] in 
detail sufficient [to enable] the public [to] discern from the [EIR] the “analytic route the ... agency traveled from 
evidence to action.” (internal citations omitted) (citing California Oak Foundation v. Regents of University of 
California (2010) 188 Cal.App.4th 227, 262.) 
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D. Ban on Housing Affordable to Median Income (80-120% AMI) Households.  
 

As described in greater detail in our other comment letters, and in the attached Complaints filed 
against CARB and OPR on behalf of The Two Hundred66, as further validated by Federal 
District Judge Carter's decision in a pending “skid row” homeless lawsuit, Scoping Plan 
measures demand that housing be built at higher densities on previously-developed land in 
neighborhoods with existing high frequency public transit service so new housing residents will 
drive a minimum of 30 percent less than other residents.  Some of these Measures are directly 
and immediately activated (e.g., by CEQA lawsuits challenging housing that is inconsistent with 
the Scoping Plan's housing and VMT measures), others are in direct conflict with existing laws 
(e.g., the civil rights law requiring Affirmatively Furthering Fair Housing by dispersing new 
housing throughout California's counties and cities, and within transit-served communities 
dispersing new housing even in driver-dependent lower-density neighborhoods that most often 
house whiter and wealthier single family neighborhoods with more park and school amenities). 

The EA fails to disclose, analyze, or mitigate the environmental impacts of imposing radical 
housing measures as climate policies that directly contradict existing civil rights and other 
housing laws, or have been expressly rejected by the Legislature, as more fully discussed in 
Green Jim Crow: How California's Climate Policies Undermine Civil Rights and Racial 
Equity.67  

 
The specific locations of these high frequency transit areas are known to CARB in the 
Sustainable Communities Strategies required to be submitted under SB 375.  The relocation of 
housing density - prohibiting housing in most counties, cities and neighborhoods that do not have 
high frequency public transit - in contravention of state and local law has known environmental 
impacts, ranging from massive amounts of demolition and new construction in targeted areas, to 
increased exposure to urban pollutants, higher temperatures, and other impacts.68  The EA fails 
to disclose, analyze, or mitigate these Scoping Plan housing, natural and working lands, and 
VMT measure impacts on housing, population, and employment. 
 
VI. Scoping Plan Unlawfully Fails to Identify Which Measures Are Required to Achieve 
the Legislated AB/SB 32 GHG Reduction Target of 40 Percent by 2030. 
 

                                                 
66 See The Two Hundred et al. v. California Air Resources Board et al., (Super. Ct. Fresno County), Case No. 
18CECG01494, attached hereto as Attachment B and The Two Hundred et al., v. The Governor’s Office of Planning 
and Research et al., (Super. Ct. Sac. County.), Case No. 34-2020-80003447-CU-WM-GDS, attached hereto as 
Attachment C. 
67 J. Hernandez, Green Jim Crow: How California’s Climate Policies Undermine Civil Rights and Racial Equity, 
The Breakthrough, August 21, 2021, available at Green Jim Crow | The Breakthrough Institute.  
68 See, e.g., Judge Glock, The Environmental Case for Suburbia 2022, Breakthrough Institute, available here 
https://urbanreforminstitute.org/2022/02/sprawl-is-good-the-environmental-case-for-suburbia/ and attached hereto as 
Attachment F.  
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The Legislature has repeatedly declined to approve statutes that would require VMT reductions, 
a ban on internal combustion engines, housing production outside transit-neighborhoods, and 
scores of other measures in the Scoping Plan.  The Legislature likewise has declined to enact a 
statutory statewide GHG “carbon neutral” or 80 percent reduction mandate. CARB has a 
statutory obligation to prepare a Scoping Plan in compliance with AB/SB 32, but has instead 
prepared a Scoping Plan that prescribes an undifferentiated suite of scores of measures to achieve 
the latest Governor's GHG executive order and not the Legislated GHG reduction mandates. 
 
The Scoping Plan must separately identify and recommend those measures required to achieve 
the AB/SB 32 40% GHG reduction target.  CARB makes clear that in its opinion, meeting that 
statutory reduction target would undermine the timely achievement of far more radical carbon 
neutral and GHG reduction targets.  CARB's opinion is interesting, but does not authorize CARB 
to subvert the Legislature's GHG enacted target. 
 
At minimum, the Scoping Plan must identify which measures - presumably those having the 
fewest adverse equity, environmental, and economic impacts - are appropriate to achieve 
CARB's legislated AB/SB 32 40 percent GHG reduction target. 
 
CARB may also identify “beyond compliance” GHG measures recommended to achieve 
Executive Order requirements that have been rejected by the Legislature, but whether or to what 
extent such excess measures should be imposed on today's Californians is a policy call requiring 
transparency and accountability in the Scoping Plan and related appendices.   
 
The Scoping Plan's omission of identified measures to achieve the Legislature's AB/SB 32 40 
percent target is a fatal legal flaw, and its insistence on a Plan that achieves only Executive Order 
targets is ultra vires. 
 
The Scoping Plan and related EA must be revised and recirculated to clearly and separately 
identify, and analyze, the AB/SB 32 40 percent target measures. 
 
VI. The EA Fails to Evaluate or Disclose the Impacts that Measures Will have on Urban 
Decay and Blight 

Implementation of  the Scoping Plan Measures listed above and many others will cause certain 
employers to go out of business, causing job loss and deterioration of existing facilities – 
economic and physical blight. “CEQA requires urban decay or deterioration to be considered as 
an indirect environmental effect of a proposed project” and the lead agency must analyze this 
environmental impact where the project is likely to cause a “downward spiral of business 
closures, vacancies and deterioration.”69 CARB must fully analyze the impacts that the Measures 

                                                 
69 Bakersfield Citizens for Local Control v. City of Bakersfield (2004) 124 Cal.App.4th 1184, 1205, citing Citizens 
Assn. for Sensible Development of Bishop Area v. County of Inyo (1985) 172 Cal.App.3d 151 and Citizens for 
Quality Growth v. City of Mt. Shasta (1988) 198 Cal.App.3d 433, 445–446. 
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will have on urban decay “when the economic or social effects of a project cause a physical 
change.”70  
 

 For example, the “Increase in Renewable Energy and Decrease in Oil and Gas Use Actions”71 
group of measures could result in job loss at natural gas plants, pipelines, and oil and gas 
extraction facilities. The ERM Report estimates that, under the HES, “[t]he assumed 86 percent 
decline in petroleum demand in 2050 may lead to up to 179,000 job losses, including over 7,000 
jobs in the San Joaquin Valley specifically.”72 “Labor income for the oil and gas industry could 
decline by $13.4 billion (57 percent), with a $34.1 billion decline in GDP (63 percent). Total 
output may decrease by $100 billion (69 percent), decreasing state and local tax revenue by 
$14.2 billion.”73 Loss of major employers will lead to economic blight that itself creates adverse 
environmental impacts on the environment, including physical deterioration of both plant sites, 
refinery operations, and retail stores reliant on this industry.74 Loss of state and local tax revue on 
such a large scale could also result in degradation of local infrastructure, contributing to 
environmental impacts caused by urban decay. Since the Scoping Plan Measures will impact 
these industries by causing facility shutdown and job loss, the Scoping Plan needs to analyze the 
impacts of the project on urban decay.  
 
VII. The EA’s Mitigation Measures Are Unlawful. 

 
As shown above, the EA fails to apprise the public of the environmental impacts of the Scoping 
Plan because it conducts a conduct a sparse, vague, and incomplete analysis of the environmental 
impacts of the selected Measures. Beyond this, the mitigation measures and general mitigation 
approach that CARB has identified breaks nearly every rule in the CEQA handbook, failing, on 
even a basic level, to demonstrate that they will “[p]revent significant, avoidable damage to the 
environment.”75 First, the EA’s basic approach to mitigation, relying on enforcement of laws by 
other regulators, fails because the EA neglects, as a preliminary matter, to disclose which 
impacts need to be mitigated. Second, the EA unlawfully defers mitigation measures until a later 
time76 and, third, fails to create specific performance standards for the mitigation measures77. 
 

                                                 
70 Bakersfield Citizens for Local Control v. City of Bakersfield (2004) 124 Cal.App.4th 1184, 1205, citing CEQA 
Guidelines § 15064 (e). 
71 EA, at p. 18-19.  
72 ERM Report, at p. 2.; see also id. at 54 (“The California oil and gas industry contributes to over 365,000 jobs and 
$21.6 billion in state and local taxes.”). 
73 Id. 
74 Oil & Gas In California: The Industry, Its Economic Contribution and User Industries at Risk, 2019 Report, Los 
Angeles County Economic Development Corporation, available at Oil and Gas Industry in California: 2019 Report - 
Los Angeles County Economic Development Corporation (laedc.org) (detailing the jobs, facilities, tax bases 
supported).  
75 CEQA Guidelines § 15002(a)(3). 
76 CEQA Guidelines, § 15126.4, subd. (a)(1)(B). 
77 Oakland Heritage Alliance v. City of Oakland (2011) 195 Cal.App.4th 884, citing California Native Plant Society 
v. City of Rancho Cordova (2010) 172 Cal.App.4th 603. 
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A. The EA’s Approach to Mitigation Is Inadequate because the Scoping Plan’s 
Environmental Impacts Have Not Yet Been Adequately Evaluated and Disclosed  
 

The EA relies on compliance with already established laws and regulatory programs to mitigate 
the environmental impacts of the Scoping Plan Measures, repeatedly citing to the EA’s 
Environmental and Regulatory Setting Description in its own Attachment A.78 Without first 
disclosing the impacts of the proposed Measures to the public, to the extent possible, the efficacy 
of CARB’s approach to mitigation through reliance on established laws cannot be demonstrated: 
“…[c]ompliance with a regulatory permit or other similar process may be identified as 
mitigation if compliance would result in implementation of measures that would be reasonably 
expected, based on substantial evidence in the record, to reduce the significant impact to the 
specified performance standards.”79 CARB must fully analyze the impacts of all twelve groups 
of Table 2 Measures in order to demonstrate that these Mitigation Measures are adequate. For 
example, the impacts of the following Measures have not been analyzed in the EA: 
 

 Forest, Shrubland, and Grassland Management Actions: Table 2-2 proposes “Forest, 
Shrubland, and Grassland Management Actions” to decrease emissions from our Natural 
and Working lands (“NWL”).80 This includes, among other actions, mechanical thinning 
of forests, targeted herbicide uses, and prescribed burns meant to mitigate the severity of 
wildfires.81 The following potential impacts have not been disclosed or considered in the 
EA, such that it is impossible to know whether compliance with all applicable laws and 
regulations will be effective mitigation. 

 While proposing and encouraging the use of herbicide in forest management, the 
EA fails to consider specific known impacts of herbicide use on biological 
resources, water quality, soil quality, and impacts on human health.82 Regarding 
biological resources, the impacts of glyphosate on flora can be catastrophic: 
“[e]xcessive glyphosate application has been linked to disease development in 
many crops.”83 “Glyphosate can also predispose plants to diseases indirectly by 
reducing the overall growth and vigor of the plants, modifying soil microflora that 
affects the availability of nutrients required for disease resistance, and altering the 
physiological efficiency of plants.”84 With respect to soil quality and water 
quality, “[g]lyphosate has an affinity to bind to soil particles and thus mostly 
accumulates in the top-soil layers,” but has also been “found to transport deep into 

                                                 
78 See e.g., EA, Mitigation Measure 1.a, at pp 36-37, Mitigation Measure 2.a, at pp. 53-55.  
79 CEQA Guidelines 15126.4 (a)(1)(B) (emphases added).  
80 Scoping Plan, Table 2-2, at p 64.  
81 EA, at p. 25.  
82 See Statement of Overriding Considerations for the California Vegetation Treatment Program, Final Program 
EIR, Board of Forestry and Fire Protection, available at ceqa-template-findings_soc-508-compliant.dotx (live.com).  
83 R. Kanissery et al. Glyphosate: Its Environmental Persistence and Impact on Crop Health and Nutrition, Plants 
vol. 8,11 499, November 13, 2019, available at Glyphosate: Its Environmental Persistence and Impact on Crop 
Health and Nutrition - PMC (nih.gov). 
84 Id.  
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the soil and leach out with drainage water.”85 In humans, exposure to glyphosate 
has been shown to cause infertility, birth defects and other hormone disorders.86 
Without having disclosed these impacts, the public cannot know whether CARB’s 
approach to mitigation is effective. 

 The EA fails to consider specific known environmental impacts of mechanical 
forest thinning87 and prescribed burns on biological resources.88  CARB only 
vaguely gestures at these impacts, anticipating that these will have potentially 
significant impacts to biological resources by causing “modifications to existing 
habitats,” “interference with wildlife movement or wildlife nursery sites,” “loss of 
or disturbance to special-status species,” and conflicting with various habitat 
conservation plans.89 CARB neglects to provide details about the specific species 
that forest thinning and prescribed burns could impact, even though the locations 
of these burns could be reasonably ascertained by looking at the California 
Vegetation Control Treatment Plan.90  
 

 Agricultural Actions: Table 2-2 proposes Measures to “[r]educe short-lived climate 
pollutants,” “[i]ncrease soil water holding capacity,” and”[i]ncrease organic farming and 
reduce pesticide use.”91 According to the EA, these Measures include “reduced till 
practices, cover cropping, transitioning to organic agriculture, and compost 
application.”92 The following potential impacts have not been disclosed or considered in 
the EA, such that it is impossible to know whether compliance with all applicable laws 
and regulations will be effective mitigation. 
 

 The EA fails to consider the impact of increasing the agricultural dependence on 
composting on energy resources, odors, and air quality. Specifically, the EA does 
not describe the extensive research on the increased emission volatile organic 

                                                 
85 Id.  
86 K. Gandhi et al., Exposure risk and environmental impacts of glyphosate: Highlights on the toxicity of herbicide 
co-formulants, Environmental Challenges, Volume 4, August 2021, available at Exposure risk and environmental 
impacts of glyphosate: Highlights on the toxicity of herbicide co-formulants - ScienceDirect.  
87 R. Graham et al.. The effects of thinning and similar stand treatments on fire behavior in Western forests. Gen. 
Tech. Rep. PNW-GTR-463. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station (1999), available at https://www.fs.fed.us/pnw/pubs/pnw_gtr463.pdf; G. Moreau et al., 
Opportunities and limitations of thinning to increase resistance and resilience of trees and forests to global change, 
Forestry: An International Journal of Forest Research, 2022, available at Opportunities and limitations of thinning to 
increase resistance and resilience of trees and forests to global change | Forestry: An International Journal of Forest 
Research | Oxford Academic (oup.com). 
88 See : W. Block et al., Effects of Prescribed Fire on Wildlife and Wildlife Habitat in Selected Ecosystems of North 
America. The Wildlife Society Technical Review 16-01. The Wildlife Society, Bethesda, Maryland, USA (2016), 
available at TechManual16-01FINAL.pdf (wildlife.org).   
89 EA, at p. 78-79.  
90 California Vegetation Treatment Program, Final Program EIR, Board of Forestry and Fire Protection, available at 
Welcome to CalVTP Programmatic EIR.  
91 Scoping Plan, Table 2-2, at p 65. 
92 EA, at p. 25.  
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compounds (“VOCs”) on our working farms that result will from increased 
compost use.93 Not only can these VOCs react with other precursors to make 
criteria pollutants, but they can release noxious odors that disproportionately 
impact the low-income and minority groups that live adjacent to agricultural 
lands.94 While the EA proposes compliance with other state laws as a general 
approach to Mitigation, the public cannot be sure that this Mitigation will be 
effective without adequate disclosures of these impacts. Furthermore, the 
composting programs created by SB 1318 do not guarantee that compost will not 
be contaminated with pesticides or other hazardous chemicals.95 The EA discloses 
no state infrastructure available to ensure that the compost applied to agricultural 
lands is free of these hazards.  

 The EA also does not consider the negative environmental impacts of increased 
organic farming. Organic farming can have significant environmental impacts to 
soils, land use, and air quality.96 Broadly, organic farming may cause a reduction 
in soil profile soil organic carbon stocks and may require that more overall land 
be used for crop agriculture due to lower crop yields.97 One study showed that 40 
percent more land is needed with organic farming to produce the same crop yield 
as using conventional methods.98 Studies have also found that increased use of 
organic farming may actually cause air quality impacts as well: “[d]irect GHG 
emissions are reduced with organic farming, but when increased overseas land use 
to compensate for shortfalls in domestic supply are factored in, net emissions are 
greater.”99 Without proper disclosure of these impacts, among numerous others, 
the public will not know whether CARB’s approach to mitigation is effective.  
 

B. EA Unlawfully Defers Mitigation to Future Third Party Agency Actions.  
  

                                                 
93 Composting Emissions and Air Permits, CalRecycle, available at Composting Emissions and Air Permits - 
CalRecycle Home Page (“actively composting piles of organic feedstocks emit volatile organic compounds (VOC), 
which can react in the atmosphere with oxides of nitrogen (NOx) to make ground-level ozone, a criteria pollutant. 
VOCs can also react with ammonia (NH 3) to create fine particulates (alternatively referred to as particulate matter 
(PM 2.5), another criteria pollutant). VOCs are a class of more than 1,000 chemicals with greatly varying degrees of 
reactivity and toxicity.”). 
94 Id.; see also A. Kumar et al., Volatile organic compound emissions from green waste composting: 
Characterization and ozone formation, Atmospheric Environment, Volume 45, Issue 10, 2011, available at 
https://linkinghub.elsevier.com/retrieve/pii/S1352231011000215. 
95 See Pesticide/Herbicide Residues in Compost - CalRecycle Home Page 
96 K. Lorenz, R. Lal, Environmental Impact of Organic Agriculture, Carbon Management and Sequestration Center, 
School of Environment and Natural Resources, College of Food, Agricultural, and Environmental Sciences, The 
Ohio State University (2016), available at Environmental Impact of Organic Agriculture (osu.edu).  
97 Id. at p. 46.  
98 H. Treu et al., Carbon footprints and land use of conventional and organic diets in Germany, Journal of Cleaner 
Production, Volume 161, 2017.  
99 L.G. Smith, et al. The greenhouse gas impacts of converting food production in England and Wales to organic 
methods. Nat Commun, 10, 4641 (2019). 
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“Formulation of mitigation measures shall not be deferred until some future time.”100 A lead 
agency “evade[s] its duty to engage in a comprehensive environmental review by approving the 
[project] subject to a condition requiring future regulatory compliance” because this “effectively 
remove[s] this aspect of the project from environmental review.” 101 It is inadequate and deferred 
mitigation, therefore, to entrust the other regulatory bodies and the project applicant will just 
work out a solution to environment impacts in the future because “reliance on tentative plans for 
future mitigation after completion of the CEQA process significantly undermines CEQA's goals 
of full disclosure and informed decision making.”102 Therefore, CARB’s overreliance on 
compliance with regulatory programs and future CEQA review constitutes deferred mitigation. 
For example, the following Mitigation Measures defer mitigation to other regulatory bodies in a 
manner that is impermissible - and scores of other “mitigation” in the EA suffer from the same 
deficiency. 
 

 Mitigation Measures 3.c.1 and 3.c.3 propose to mitigate odor associated with 
“development of new or expanded organic material composting, digestion and/or 
other facilities throughout the state” through future CEQA review and through 
compliance with the SB 1813 SLCP EIR. Both Mitigation Measures require 
creation of Odor Impact Minimization Plans (“OIMP”).103 However, these are 
merely “tentative plans for future mitigation” and defer the mitigation to 
CalRecycle without creating any concrete requirements.  

 Mitigation Measure 9.b.1 requires compliance with applicable laws and 
regulations in order to mitigate impacts from hazards. The EA states that, 
although there could be potential hazards impacts from Measures in the 
“Improvements to Oil and Gas Facilities Actions” that promote conveyance of 
methane, these impacts would be mitigated because “collected vapors may be 
injected into existing, permitted underground wells,” and those wells must be in 
compliance with UIC permit requirements.104 This is deferred mitigation because 
it puts the onus of ensuring no hazards impacts on CalGEM or EPA, concluding 

                                                 
100 CEQA Guidelines § 15126.4.  
101 Sundstrom v. County of Mendocino (1988) 202 Cal.App.3d 296, 309. 
102 Id. (“By adopting the condition that applicant would comply with environmental standards for sludge disposal, 
the county effectively removed this aspect of the project from environmental review, trusting that the Regional 
Water Quality Control Board and the applicant would work out some solution in the future.”) and Communities for a 
Better Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 92, citing Gentry v. Murrieta (1995) 36 
Cal.App.4th 1359, 1396, (conditioning a permit on “recommendations of a report that had yet to be performed” 
constituted improper deferral of mitigation), Defend the Bay v. City of Irvine (2004) 119 Cal.App.4th 1261, 
1275 (deferral is impermissible when the agency “simply requires a project applicant to obtain a biological report 
and then comply with any recommendations that may be made in the report”), Endangered Habitats League, Inc. v. 
County of Orange (2005) 131 Cal.App.4th 777, 794 (“mitigation measure [that] does no more than require a report 
be prepared and followed, ... without setting any standards” found improper deferral), Quail Botanical Gardens 
Foundation, Inc. v. City of Encinitas (1994) 29 Cal.App.4th 1597, 1605, fn. 4 (city is prohibited from relying on 
“post approval mitigation measures adopted during the subsequent design review process”). 
103 EA, at pp. 74-77. 
104 EA, at p. 141-42. 
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that, through the UIC permit process, there would be reduced impacts with little 
to no analysis.105 

 Mitigation Measures 1.a, 2.a, 3.a, 4.a, 5.a, 7.a, 9.a, 10.a, 11.a, and 13.a all assume 
that impacts will be mitigated because state and local government will complete 
CEQA review for all “new development and new facilities and structures 
constructed…” wherein they will require that proponents implement all feasible 
mitigation to reduce or substantially lessen the potentially significant … impacts 
of the project.”106 This is deferred mitigation because it assumes that, through 
CEQA processes, project proponents and lead agencies in the future will come up 
with solutions to these impacts. The Mitigation Measures thus allow CARB to 
skip any meaningful review of these reasonably foreseeable impacts where a 
future lead agency has no concrete standard against which to measure mitigation 
or no opportunity to mitigate because the project is exempt from CEQA. These 
Mitigation Measures assume that every single project that is the result of Scoping 
Plan implementation is subject to CEQA, when in fact, many infrastructural 
projects and programs are exempt from CEQA. For example, CEQA provides 
statutory exemptions for the following projects which the Scoping Plan could 
cover: modifications to existing facilities, minor infrastructure projects, increase 
passenger or commuter services on rail or highway rights107, various minor transit 
projects108, work on pipelines less than eight miles in length109 and certain water 
infrastructure110, just to name a few. Therefore, certain impacts from 
modifications to existing facilities pursuant to the Scoping Plan’s “Improvements 
to Oil and Gas Facilities Actions” that are purportedly mitigated by CEQA 
compliance could potentially be exempt.111  

 
C. The EA’s Mitigation Measures Are Inadequate because they Lack Specific 
Performance Standards 
 

“[F]or kinds of impacts for which mitigation is known to be feasible, but where practical 
considerations prohibit devising such measures early in the planning process ..., the agency can 
commit itself to eventually devising measures that will satisfy specific performance criteria 
articulated at the time of project approval. Where future action to carry a project forward is 
contingent on devising means to satisfy such criteria, the agency should be able to rely on its 
commitment as evidence that significant impacts will in fact be mitigated.”112 The following 

                                                 
105 Id. 
106 See e.g., EA, at p. 36, regarding aesthetic impacts.  
107 Cal. Pub. Res. Code § 21080(b). 
108 Cal. Pub. Res. Code § 21080.25. 
109 Cal. Pub. Res. Code § 21080.23. 
110 Cal. Pub. Res. Code § 21080.47. 
111 See e.g., EA, at p. 134-35.  
112 Communities for a Better Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 94. 
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Mitigation Measures are representative of the scores of mitigation measures that lack specific 
performance standards, and could be made more concrete to ensure adequate mitigation: 
 

 Mitigation Measure 2.a suggests that the impacts of construction on agricultural and 
forest resources could be mitigated through compliance with CEQA for each individual 
projects and then lists measures that an EIR should include to minimize impacts on 
agricultural and forestry resources. These include: 

o “Avoid lands designated as Important Farmland (State-defined Prime Farmland, 
Farmland of Statewide Importance, and Unique Farmland) as defined by the 
Farmland Mapping and Monitoring Program. Before converting Important 
Farmland to non-agricultural use, analyze the feasibility of using farmland that is 
not designated as Important Farmland (e.g., through clustering or design change 
to avoid Farmland) prior to deciding on the conversion of Important Farmland.  

o Avoid lands designated as forest land or timberland before converting forestland 
or timberland to non-forest use, analyze the feasibility of using other lands prior 
to deciding on the conversion of forest land or timberland.”113 

 These do not include specific performance metrics, and there is no way to determine 
whether these measures would result in adequate mitigation. The requests to “avoid” and 
“analyze feasibility” create no real mandates. To ensure adequate mitigation, one of these 
measures could require complete avoidance. The alternative to this avoidance is a 
suggestion to mitigate by preserving “Important Farmland of equal or better agricultural 
quality, at a ratio of at least 1:1,” but this mitigation also lacks specific performance 
standards because it leaves the lead agency and project proponent to decide what 
“agricultural land of equal or better quality” means. For forestland, “[m]itigation may 
include but is not limited to permanent preservation of forest land or timberland of equal 
or better quality at a ratio of 1:1 or 1.5:1 because some lost ecological value may not be 
replaceable.” However, it is unclear still here what “equal or better quality means, and it 
is unclear what “lost ecological value” means.114  

  

                                                 
113 EA, at p. 54.  
114 Id.  
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VIII. Conclusion 
 
In summary, the EA for the Draft 2022 Scoping Plan fails to apprise the public of the true 
environmental impacts of the entirety of the Scoping Plan and requires substantial revision.  A 
revised Scoping Plan, and revised EA, must be revised and recirculated.  The comment period 
should commence with the later of the publication of the revised Scoping Plan, EA, and other 
appendices - and the disclosure of the public records identified in Public Records Act requests 
submitted under separate cover on behalf of The Two Hundred.  The public comment period 
should be at least 90 days, to provide adequate time for expert analysis and community 
engagement and feedback from low income communities and communities of color. 

Sincerely,  

HOLLAND & KNIGHT LLP 

 
Jennifer L. Hernandez 

JLH:lmp 
Attachments 
 
cc: Robert Apodaca 
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Perspective



Why organic farming
is not the way forward



Holger Kirchmann



Abstract
The aim of this article is to provide information about crop production data based on large-scale organic farming and to point
toward major consequences. National statistics show lower organic yields than compiled in meta-analyses from farm- and
plot-scale. Yields of organically cropped legumes were 20% and nonlegumes 40% lower than those of conventionally grown
crops. Area estimates showed that almost two of three crops were legumes or legume mixtures in organic farming, whereas
one of three crops was a legume in conventional cropping. Doubling land use for legumes in organic farming affected the type
of food produced, being dominated by milk products and red meat. Over all crops, the organic yield gap was 35%. Since yields
are lower under organic than conventional practices, more land is required to produce the same amount of agricultural
crops. A 35% yield gap means that 50% more arable land is required. A demand for 50% more farmland imposes huge land
use changes and makes one realize the wide-ranging environmental consequences that follow when converting to organic
farming. In a relevant comparison between organic and conventional cropping systems, environmental consequences caused
by land use change such as lost products (timber, fiber, energy, etc.) and lost ecosystem services (sequestered carbon in soil,
wildlife, biodiversity, etc.) must be included. The concept of organic farming was founded on philosophical views about
nature, not biological science. Natural means and methods were assumed to be superior. Verification of the reasoning and
statements of the founders on why to abandon mineral fertilizers cannot be corroborated by science and is incorrect.
Scientific evidence for the concept to abandon synthetic mineral fertilizers as nutrients for crops is lacking. The scientific
community is obliged to follow rigorous scientific criteria—not biased views, prejudices, or beliefs.



Keywords
organic crop yield, yield gap, large scale versus farm- or plot-scale, meta-analysis, land use demand, environmental
consequences, view on nature, doctrine



Introduction



Organic farming has been attributed with many positive



features of food production—superior food quality free



from pesticides, low emissions of greenhouse gases, effi-



cient energy use, insignificant nutrient leaching, high bio-



diversity, and sufficient and sustainable food production.



The underlying idea has been that as organic farming



applies only natural means and methods, high food quality



and good environmental stewardship are for granted out-



comes. This view has recently been modified by unbiased



reviews identifying the limitations of organic crop produc-



tion (e.g. Kirchmann and Bergström, 2008; Kirchmann



et al., 2016a; Shorrocks, 2017). In this article, national



statistical data of organic crop production of Sweden were



presented and environmental consequences and reflections



about the idea of organic farming highlighted.



Crop production of organic agriculture has
been overestimated in meta-analyses



A debate as to whether organic agriculture could provide



sufficient food started when Badgley and Perfecto (2007)



and Badgley et al. (2007) estimated a 20% yield reduction



by organic compared to conventional farming. Similar



comparisons using ratios of organic over conventional



crop yields have been used by Seufert et al. (2012) and



de Ponti et al. (2012). A recent estimate by Ponisio et al.



(2015) showed that yield gaps apparently approach insig-



nificance when organic agriculture is intensified.



The mistake of these meta-analyses has been to assume



that individual crop-by-crop yield ratios are an estimate of



the productivity of systems (Connor, 2013). The productiv-



ity of cropping systems is derived from the sum of yields of



all crops grown over several years, an estimate not obtained



from crop-by-crop of organic and conventional yield ratios



used in meta-analyses. For example, years in organic rota-



tions with green-manure crops not harvested reduce
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production. Frequent growth of legumes in organic systems



for biological N fixation reduce total crop production as



many legumes typically have lower yields than fertilized



nonlegumes. If different crops are grown in organic and



conventional rotation, crop-by-crop yield ratios are not a



representative measure of productivity.



Furthermore, crop yields are largely determined by



nutrient input to farms, simply “you get out what you put



in” (Goulding, 2007). A common practice is to use con-



ventional products as the nutrient source certified for



organic farming (Oelofse et al., 2013). For example, nutri-



ent inflow through organic materials to 63 organic farms



in France—animal manures, organic fertilizers, feedstuff,



and straw—accounted for 23% of N, 53% of P, and 73%



of K of total input (Nowak et al., 2013a, 2013b). Reliance



of organic yields on nutrient input derived from conven-



tional agriculture has not been considered in crop-by-crop



yield ratios.



The shortcomings of the production estimates were



summarized by Kirchmann et al. (2016b) as follows:



(1) to omit more frequent cultivation of legumes in organic



rotations which reduces overall productivity, (2) to exclude



years without harvest due to green manuring, and (3) to



ignore import of nutrients to organic from conventional



agriculture.



Organic yields derived from national
statistics are lower than for
farm- or plot-scale



Few European countries include organic yields in their



agricultural statistics, Sweden being an exception (SCB,



2017a, 2017b, 2017c) providing data since 2004. In 2016,



about 14% (368,800 ha) of Swedish arable land (2,579,600



ha) had been converted into organic farming (SCB, 2017b).



Statistics provide crop-by-crop yield ratios and information



about the area of land used for crops. Still, information



about land used for green manuring, fallowing, and minor



crops is not included.



Grouping crops showed that yield gaps amounted to



60% for nonlegumes and 80% for legume/legume mix-



tures (Table 1). Over all crops corrected for cropping



area, organic yields were 35% lower. One of the main



reasons identified as to why organic yields are lower is



lower nutrient supply (e.g. Berry et al., 2002; Kirchmann



et al., 2007). Legumes and legume mixtures caused the



smallest yield gap, which may explain why organic



farming was dominated by legume crops, grown on



61.2% of organically cultivated land (Table 1). The



equivalent figure for conventionally grown legume crops



was 32%. Statistics revealed that legume and legume



mixtures were almost exclusively used as fodder mainly



in ruminant systems being the dominating form of



organic agriculture in Sweden.



Considering legumes being the primary source for the N



supply of nonlegumes in organic rotations, the number of



legumes can greatly affect yield levels of nonlegumes.



From statistical data in Table 1, an arbitrary relationship



between the percentage of legumes in rotations and organic



yield gaps can be derived using the yield ratio of 0.80 for



legumes, and a mean area corrected yield ratio of 0.65



when 62% of organically grown crops were legumes.



Extrapolating data indicated that reducing legumes to



50%, that is, growing legumes every second year in organic



rotations, would increase the mean yield gap to 40% com-



pared to conventional cropping.



In meta-analyses based on farm- and plot-scale data,



smaller organic yield gaps were reported than in agri-



cultural statistics from large-scale farming (Table 1).



Suggestions are that pressure of weeds and pests



increase when large neighboring areas are managed



organically (Leifeld, 2016) and/or that the supply of



organic fertilizers derived from conventional agriculture



becomes limited and more expensive.



Organic farming requires at least 50%
more arable land to fill the production gap



The yield gap that emerges with conversion from conven-



tional to organic farming will require a land use change and



an expansion of arable land as pointed out in recent paper



(e.g. Connor, 2018; Muller et al. 2017; Searchinger et al.



2018). Based on Swedish statistical data, the condition to



compensate for a 35% yield gap would mean increasing the



arable land by about 50% (note not 35%) (Figure 1).



Increasing arable land for organic production prerequisites



land use change.



One of the most important challenges facing society



today is how to feed an expected population of some



9 billion by the middle of the 20th century (Pretty et al.,



2010). When Borlaug and Dowswell (1994) wrote that



“growing less food per acre leaving less land for nature,”



their concern was to conserve natural land, wild life, and



biodiversity by increasing crop yields on existing arable



land. Today, there is a general awareness that arable land



is a relative finite global resource (e.g. Alexandratos and



Bruinsma, 2012; Lambin, 2012).



Environmental evaluations of organic
farming must include yield level and
demand for more arable land



Comparative studies of conventional and organic systems



focusing on emissions commonly relate rates to the area of



land cropped. Such studies showed that, for example,



leaching losses from organic fields can be both higher or



lower compared to conventional fields (Kirchmann and



Bergström, 2001). The same was true for greenhouse gas



emissions (e.g. Flessa et al., 2002; Leifeld et al., 2013).



Losses to the environment depend on the intensity and



efficiency of cropping. Extensive organic farming could



result in less nutrient losses than more intensive conven-



tional farming (e.g. Drinkwater et al., 1998; Korsaeth and



Eltun, 2000).



Expressing emissions per area disregards whether it is



a high- or low-yielding cropping system. It is apparent



that systems with low emissions would be ranked
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environmentally superior. Given the fact that organic and



conventional cropping system differ in production level,



the expression per area must be complemented. Expressing



emissions per unit product provides a representative mea-



sure of environmental impact of crop production. Low



emissions per area can result in high emissions per product



(Figure 2).



Considering emissions per yield is still an arbitrary



comparison of systems. The need for more organic arable



land to produce the same amount of crop requires full



attention on the comparison between organic and conven-



tional cropping systems. Consequences of land use



change—converting forests, grassland, or wetland into



arable land—result in lost products (timber, fiber, energy,



etc.) and lost ecosystem services (sequestered carbon in



soil, wildlife, biodiversity, etc.) (Figure 3). Such drastic



measures are often of greater environmental significance



than differences at the field level. Consequently, the pro-



environmental profile of organic farming becomes uncer-



tain when consequences of land use change are included



in organic system evaluations.



Figure 1. An illustration demonstrating the demand for more
arable land when converting conventional to lower yielding
organic farming. Relative figures relate to a yield gap of 35%. Note
that the additional arable land needed is larger the yield gap of 35%
because the extra land also produces a lower yield equivalent to
65% of conventional cropping.



Table 1. Organic over conventional crop yield ratios and arable land allocated to different crops in Sweden in 2016.a



Type of crop and land use
Organic/conventional



yield ratio



Arable land allocated to different crops



Organic arable land
(368,800 ha; %)



Conventional arable
land (2,210,800 ha; %)



Nonlegumes
Winter wheat 0.58 23,160 351,220
Spring wheat 0.60 12,460 62,430
Rye 0.53 2140 14,470
Winter barley 0.57 400 18,680
Spring barley 0.62 18,950 280,930
Oat 0.66 33,330 139,590
Triticale 0.67 4060 26,200
Maize — 120 1660
Failed cereal harvest — 630 2900



0.60 mean
P



89,600 24.2
P



928,400 42.0
Winter oil seed rape 0.71 5370 78,050
Other oil seed crops 0.61 1040 16,650
Failed oil seed harvest — 120 850



0.66 mean
P



6530 1.8
P



95,550 4.3
Food potato 0.64 1680 15,630
Starch potato — 3 2900
Failed potato harvest — 10 130



0.64 mean
P



1690 0.5
P



18,660 0.8
Sugar beet — — 30,700 1.3



Legume/legume mixture
Pea 0.72 3240 21,970
Bean 0.79 10,710 19,170
Failed harvest pea — 70 270
Failed harvest bean — 60 140



0.76 mean
P



14,080 3.8
P



41,550 1.9
Grass clover forage 0.85 183,120 622,340
Green legume forage 0.73 5120 13,310
Grain-legume forage 0.74 7090 7,180
Green cereal-legume forage 0.88 16,560 23,140



0.80 mean
P



211,890 57.4
P



665,970 30.1



aCertain crops (vegetables, energy forest, etc.), green-manured and fallowed land were not included. Data derived from agricultural statistics of Sweden
(SCB, 2017a, 2017b, 2017c).
Note: Bold figures refer to an area-corrected mean yield ratio of a group of crops.
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The view on nature determines reasoning
about organic farming



Nature’s beauty and magnificence often determines our



view and reasoning about nature including our opinion



about organic farming. If one assumes nature to be the most



ideal system, natural means and methods are considered to



be superior, and consequently organic agricultural practices



are favored. An idealistic belief in the superiority and



goodness of nature is often one root cause as to why one



prefers natural products and methods. A personal valuation



of nature seen as more ideal than man-made systems can be



a strong motivation to argue for organic farming. Also the



initiators of organic farming methods were convinced that



nature is our master and therefore abandoned synthetic



fertilizers and pesticides.



Organic food is often preferred as it is assumed to be



natural and toxin-free, whereas conventional food is con-



sidered less healthy due to toxic pesticides, and so on. If



asked why one prefers organic over conventional food, the



answer can be that natural products represent excellent



quality, and natural methods are a guarantee for a better



environment. Again, naturalness is considered a prerequi-



site for sound food production. Typically, risks of nature’s



chemicals are often overlooked, although science teaches



us that all food can contain wanted and unwanted com-



pounds formed in nature. For example, toxicity of second-



ary compounds formed in crops can be much higher than



that of synthetic pesticides (Ames, 1983; Ames et al.,



1990a, 1990b; Shorrocks, 2017).



Nature’s beauty and magnificence is a half-truth and



crude measure. Detailed research and reductive science



distinguishes between wanted and unwanted characteristics



of nature and educates us about possibilities, limitations,



and risks. Science corrects a one-sided, ideal, and romantic



view on nature by comprehending nature’s pros and cons.



An insight that natural means and methods are insufficient



to support civilization is the way forward.



Concluding remarks



Sufficient food supply is a cornerstone of human welfare,



and lack of food is a tragedy leading not only to suffering



and loss of life but also to inhuman behavior, political
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Figure 2. Gaseous emissions expressed as CO2 equivalents
(including CO2, N2O, and CH4) for winter wheat from a com-
parative organic and conventional field study. Data from Flessa
et al. (2002). Mean organic wheat production was 3.0 Mg (yield
ratio 0.54) and mean conventional 5.6 Mg ha�1.CO2: carbon
dioxide; N2O: nitrous oxide; CH4: methane.



Figure 3. The areal comparison of Figure 1 was extended to illustrate the full consequences of converting natural ecosystems into
arable land to compensate for yield gaps by organic crop production. The environmental consequences can include lost products
(timber, fiber, energy, etc.) and loss of ecosystem services (sequestered carbon in soil, wildlife, biodiversity, etc.).
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instability, and war (Borlaug, 1970). Data from large-scale



organic farming (national statistics) indicate that to meet



food demand, at least 50% more land needs to be trans-



formed into arable land when converting to organic agri-



culture. More extensive production is not a true option to



reduce the environmental impact of agriculture. In order to



achieve full stomachs, clean water, clean air, and preserve



natural land, more intense and improved farming methods



on existing arable land must be developed. To save natural



land is a great act of environmental protection.



Why am I so outspoken about organic farming? There is



a bias in the concept of organic farming. The philosopher



Dr Steiner, initiator of biodynamic farming, tutored that



food products will degenerate through the use of mineral



fertilizers to such an extent that these cannot be used as



food for humans any more within this century (Steiner,



1924). The agronomist Lady E. Balfour, founder of the Soil



Association, stated that artificial fertilizers speed up the



rate at which soil organic matter is exhausted (Balfour,



1943). The medical doctor H-P. Rusch, initiator of biolo-



gical–organic farming, wrote that mineral fertilizer is not a



normal, physiological adapted and natural form of plant



nutrition degenerating food quality (Rusch, 1978). Analyz-



ing the original reasons why to abandon mineral fertilizers



using relevant scientific literature showed that the state-



ments of the initiators have been proved wrong (Kirchmann



and Bergström, 2008). The belief of Steiner that mineral



fertilizers significantly decrease food quality could not be



proved, the opinion of Balfour about accelerated humus



decline through mineral fertilizers was false, and the state-



ment of Rusch was refuted as mineral fertilizers can be



used as a crop-adapted, balanced, and quality improving



nutrient source.



There is no scientific evidence for the validity of the



concept to exclude mineral fertilizer for crop nutrition



(Kirchmann and Bergström, 2008). However, if theories



or concepts despite falsification are not rejected, the prin-



cipal of science is ignored (Popper, 1959), and concepts



become articles of faith or doctrines. Rejection of mineral



fertilizers is often treated as a doctrine and background,



motivation and proof is seldom asked for.
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[bookmark: _Toc24009440]Executive SUMMARY


[bookmark: _Hlk7786030]This Program Environmental Impact Report (PEIR) evaluates the environmental impacts of the proposed California Vegetation Treatment Program (CalVTP). It has been prepared according to the requirements of the California Environmental Quality Act (CEQA) (Public Resources Code [PRC] Section 21000 et seq.) and the State CEQA Guidelines (California Code of Regulations [CCR] Section 15000 et seq.) under the direction of the California Board of Forestry and Fire Protection (Board) and in cooperation with the California Department of Forestry and Fire Protection (CAL FIRE). The Board is the CEQA lead agency. CAL FIRE, a CEQA responsible agency for implementing the CalVTP, has the primary responsibility for preventing and suppressing fires within the State Responsibility Area (SRA) (PRC Sections 4113 and 4125). Additionally, many local, regional, and state agencies with land ownership or land management responsibilities in the SRA could implement proposed CalVTP vegetation treatments and use this PEIR for CEQA compliance.


This summary is provided in accordance with State CEQA Guidelines Section 15123. It presents (1) a summary description of the proposed CalVTP, (2) a synopsis of significant environmental impacts and feasible mitigation measures (Table ES-1), (3) an overview of the alternatives evaluated and a conclusion regarding identification of an environmentally superior alternative (4) a discussion of the areas of controversy and issues to be resolved associated with the proposed program, and (5) a description of the intended uses of this PEIR.


[bookmark: _Toc480195407][bookmark: _Toc485802921][bookmark: _Toc514146162][bookmark: _Toc24009441][bookmark: _Toc322135573][bookmark: _Toc322726817]Introduction


California is experiencing a wildfire crisis. As noted in a report of the Governor’s Wildfire Strike Force (2019):


Climate change has created a new wildfire reality for California. The state’s fire season is now almost year round. More than 25 million acres of California wildlands are classified as under very high or extreme fire threat. Approximately 25 percent of the state’s population – 11 million people – lives in that high-risk area.


The effects of climate change and decades of fire suppression have been manifested on the landscape. Wildfire risk levels have been exacerbated by the location of developed land uses and communities in the high hazard areas. In the last several decades, more than 75 percent of forested areas and other woody vegetation types burned less frequently than historic averages, resulting in the buildup of fire fuel (CAL FIRE 2017). Drought conditions, low snowpack accumulation, and extreme temperature highs have also been prevalent in the last decade and are expected to worsen as climate change continues to alter landscapes and local climates (NOAA 2018, IPCC 2018). Numerous communities are located in the wildland-urban interface (WUI) within very high fire hazard severity zones (VHFHSZs). A survey by media firm, McClatchy, overlaying the hazard zone maps onto 2010 census data, identified 75 towns and cities with populations over 1,000 that were entirely or almost entirely (at least 90 percent) within VHFHSZs (Reese 2019).


[bookmark: _Hlk12012054]These conditions have resulted in the largest, most destructive, and deadliest wildfires on record in California history, all occurring in 2018 and a growing total number of fires and acreage burned. Since 2010, the number of wildfires occurring annually has been increasing, as has the number of acres burned. Much of this increase in acreage, especially in 2017 and 2018, is the result of record-setting fires primarily driven by wind, such as the Thomas and Northern California wildfires (2017) and the Camp and the Mendocino Complex fires (2018). However, destructive fires primarily driven by wind are a small proportion of the thousands of fires that occur every year that do not reach catastrophic levels. Fires driven by topography and those that move more slowly through the landscape, as well as primarily wind-driven fires that have slowed, are those that might be further slowed or stopped entirely by a vegetation treatment implemented under the CalVTP.


The proposed CalVTP directs implementation of vegetation treatments within the SRA to serve as one component of the state’s range of actions to reduce the risk of loss of lives and property, reduce fire suppression costs, and protect natural resources as well as other assets at risk from wildfire. The Board acknowledges that vegetation treatments, alone, will not solve the wildfire crisis. The state’s response to the wildfire crisis involves multi-faceted strategies. The Board also acknowledges that, given the current severity of fire hazards in the SRA, vegetation treatments may not be able to slow or halt extreme wind-driven fires. However, most fires that occur within the state are not highly wind driven and the proposed vegetation treatments can help slow and suppress them. Vegetation treatments can also play a valuable role in containing the more extreme fires, when weather conditions shift, wind subsides, and fire intensity decreases.


[bookmark: _Toc480195408][bookmark: _Toc485802922][bookmark: _Toc514146163][bookmark: _Toc24009442]Summary Description of the CalVTP


The Board is mandated to regulate forestry activities within the SRA and develop policies and regulations that contribute to fire prevention and recovery efforts (PRC Section 740). The Board’s proposed discretionary action needing CEQA compliance is approval of the CalVTP. After approval, implementation of the CalVTP would consist of vegetation treatment activities carried out by CAL FIRE on private or public land, by public agencies and organizations funded by CAL FIRE grants from CAL FIRE or other state or local agencies, or potentially by public agencies that own and/or manage land within the treatable landscape. 


This CalVTP PEIR addresses the following:


Expansion of CAL FIRE’s vegetation treatment activities to reach a total treatment acreage target of approximately 250,000 acres per year to contribute to the achievement of the 500,000 annual acres of treatment on non-federal lands expressed in Executive Order (EO) B-52-18, signed by former Governor Jerry Brown in May 2018. The expanded target would be a substantial increase compared both to current activity (recently averaging approximately 33,000 acres per year) and to the level proposed in the 2017 VTP Draft PEIR (i.e., 60,000 acres per year).


[bookmark: _Hlk8219525]A project-specific implementation approach for streamlining CEQA review of later site-specific, vegetation treatment projects consistent with the CalVTP and this PEIR, in accordance with procedures described in State CEQA Guidelines Section 15168. The streamlined CEQA review approach would document how a project’s environmental effects are covered and which feasible mitigation measures from the CalVTP PEIR are incorporated. This would include evaluation of whether later activities and impacts of site-specific vegetation treatment projects are within the scope of the CalVTP and the PEIR. A “within the scope” finding for later activities would facilitate an increase in the pace and scale of project approvals in a manner that includes environmental protections in compliance with CEQA. Where later vegetation treatment projects do not qualify for a “within the scope” finding, additional CEQA documentation would be prepared.


[bookmark: _Toc480195411][bookmark: _Toc322726825]Program Objectives


[bookmark: _Toc480195413]The statement of objectives below describes the underlying purposes of the CalVTP and expresses the role of vegetation treatment in implementing state policies and plans for wildfire risk reduction, greenhouse gas (GHG) reduction, and management of natural and working lands. The objectives of the CalVTP are to:


1.	serve as the vegetation management component of the state’s range of actions underway to reduce risks to life, property, and natural resources by managing the amount and continuity of hazardous vegetative fuels that promote wildland fire consistent with California’s 2018 Strategic Fire Plan (Board and CAL FIRE 2018);


2.	substantially increase the pace and scale of vegetation treatments to contribute to achieving a statewide total of at least 500,000 acres per year on non-federal lands, consistent with the former Governor’s EO B-52-18, which results in a CalVTP target up to 250,000 acres per year after considering other types and areas of vegetation treatments;


3.	increase the use of prescribed burning as a vegetation treatment tool, consistent with the provisions of Senate Bill 1260, Statutes of 2018, and PRC Section 4483(a);


[bookmark: _Hlk534188474]4.	contribute to meeting California’s GHG emission goals by managing forests and other natural and working lands as a net carbon sink, consistent with the California Forest Carbon Plan (Forest Climate Action Team 2018), California’s 2017 Climate Change Scoping Plan (CARB 2017), Fire on the Mountain: Rethinking Forest Management in the Sierra Nevada (Little Hoover Commission 2018), and California 2030 Natural and Working Lands Climate Change Implementation Plan (CalEPA et al. 2019); and


5.	improve ecosystem health in fire-adapted habitats by safely mimicking the effects of a natural fire regime, considering historic fire return intervals, climate change, and land use constraints.


Treatable Landscape


[bookmark: _Hlk8299289]Appropriate areas within which to implement proposed vegetation treatments were identified by first dividing the SRA into vegetation types from the California Wildlife Habitat Relationship (CWHR) system and excluding those vegetation types with negligible wildfire risks (e.g., wet meadow, estuarine). Agricultural CWHR vegetation types were also excluded because agricultural land is generally outside the SRA.


Using this method, 20.3 million acres within the 31 million-acre SRA were identified that may be appropriate for vegetation treatments as part of the CalVTP; this area is called the “treatable landscape” in this PEIR. The proposed target of 250,000 annual acres of treatment would occur within the 20.3 million acres of treatable landscape.


Proposed Vegetation Treatments


Vegetation treatment at the landscape scale is focused on reducing the likelihood of a ground fire increasing in intensity and helping fire responders more easily contain a fire. This is accomplished by modifying fire behavior through strategic removal or modification of vegetation (Finney and Cohen 2003; Graham et al. 2004). By implementing the proposed treatment types, the CalVTP would strategically modify portions of the landscape to reduce losses from and improve resiliency to wildfire. The following treatment types are proposed:


Wildland-Urban Interface Fuel Reduction: Located in WUI-designated areas, fuel reduction would generally consist of strategic removal of vegetation to prevent or slow the spread of non-wind driven wildfire between structures and wildlands, and vice versa. 


Fuel Breaks: In strategic locations, fuel breaks create zones of vegetation removal and ongoing maintenance, often in a linear layout, that support fire suppression by providing responders with a staging area or access to a remote landscape for fire control actions. While fuel breaks can passively interrupt the path of a fire or halt or slow its progress, this is not the primary goal of constructing fuel breaks. 


Ecological Restoration: Generally outside of the WUI in areas that have departed from the natural fire regime as a result of fire exclusion, ecological restoration would focus on restoring ecosystem processes, conditions, and resiliency by moderating uncharacteristic wildland fuel conditions to reflect historic vegetative composition, structure, and habitat values.


The WUI fuel reduction, fuel break, and ecological restoration treatment types would be implemented using various treatment “activities” that may be applied singularly or in combination:


Prescribed Burning: Includes pile burning (prescribed burning of piles of vegetative material to reduce fuel and/or remove biomass following treatment) and broadcast burning (prescribed burning to reduce fuels over a larger area or restore fire resiliency in target fire-adapted plant communities; would be conducted under specific conditions related to fuels, weather, and other variables).


Mechanical Treatment: Use of motorized equipment to cut, uproot, crush/compact, or chop existing vegetation


Manual Treatment: Use of hand tools and hand-operated power tools to cut, clear, or prune herbaceous or woody species 


Prescribed Herbivory: Use of domestic livestock to reduce a target plant population thereby reducing fire fuels or competition of desired plant species 


Herbicides: Chemical application designed to inhibit growth of target plant species


Standard Project Requirements


Standard project requirements (SPRs) are presented as part of the proposed program to avoid and minimize environmental impacts and comply with applicable laws and regulations. SPRs will be incorporated into later vegetation treatments under the CalVTP as a standard part of treatment design and implementation. For the purposes of this PEIR, SPRs are intended to be implemented and enforced in the same way as mitigation measures consistent with Section 15126.4 of the State CEQA Guidelines. SPRs are the product of coordinated interagency efforts to integrate environmental protection into a comprehensive approach to reduce wildfire risk statewide through vegetation treatment. These SPRs provide the benefit of being mutually supported and predictable, such that they would be implemented consistently to achieve environmental protection. 


[bookmark: _Toc480195414][bookmark: _Toc485802923][bookmark: _Toc514146164][bookmark: _Toc24009443]Environmental Impacts and proposed Mitigation Measures


This PEIR has been prepared to evaluate the physical environmental effects of the proposed CalVTP. Table ES-1, presented at the end of this chapter, provides a summary of the environmental impacts potentially resulting from implementation of the proposed CalVTP. The table identifies the level of significance of the impact before mitigation, mitigation measures proposed for the program, and the level of significance of the impact after implementation of the mitigation measures. 


[bookmark: _Toc480195416]Significant and Unavoidable Impacts


[bookmark: _Hlk8214571][bookmark: _Hlk11155118][bookmark: _Hlk11154914][bookmark: _Hlk11154927]The majority of qualifying treatments under the CalVTP would result in less-than-significant impacts or impacts that could be reduced to less than significant with implementation of feasible mitigation measures. In some cases, however, even though the forecasted outcomes would be less than significant or potentially beneficial, because of uncertainty related to future predictions, the PEIR notes for CEQA purposes of good-faith disclosure that the impacts may be significant and unavoidable notwithstanding the expected less than significant or potentially beneficial predictions. Uncertainties relate to: predicting future wildfire occurrence and severity after treatments, evolving research and development related to carbon sequestration rates, ongoing tribal consultation, and the solid organic waste processing industry trends for handling woody biomass. Below is a summary listing of potentially significant and unavoidable impacts; it is important to review the impact discussions in Chapters 3 and 4 of this PEIR to understand the full context of the impact significance determinations.


Implementation of the CalVTP could result in the following potentially significant and unavoidable environmental impacts after implementation of feasible mitigation measures:


Impacts Forecasted to Be Significant and Unavoidable


Impact AES-3: Result in Long-Term Substantial Degradation of a Scenic Vista or Visual Character or Quality of Public Views, or Damage to Scenic Resources in a State Scenic Highway from the Non-Shaded Fuel Break Treatment Type


Impact CUL-2: Cause a Substantial Adverse Change in the Significance of Unique Archaeological Resources or Subsurface Historical Resources


Impacts Forecasted to Be Less Than Significant or Beneficial, But Noted as Potentially Significant and Unavoidable Because of Future Uncertainties


[bookmark: _Hlk11154964]Impact AQ-1: Generate Emissions of Criteria Air Pollutants and Precursors During Treatment Activities That Would Exceed CAAQS or NAAQS


Impact AQ-4: Expose People to Toxic Air Contaminants Emitted by Prescribed Burns and Related Health Risk


Impact AQ-6: Expose People to Objectionable Odors from Smoke during Prescribed Burning


Impact BIO-2: Substantially Affect Special-Status Wildlife (Bumble Bee) Species Either Directly or Through Habitat Modifications


Impact CUL-3: Cause a Substantial Adverse Change in the Significance of a Tribal Cultural Resource


Impact GHG-2: Generate GHG Emissions through Treatment Activities 


Impact TRAN-3: Result in a Net Increase in VMT for the Proposed CalVTP


Impact UTIL-2: Generate Solid Waste in Excess of State Standards or Exceed Local Infrastructure Capacity


Cumulative impacts for the issues listed above would also be significant and unavoidable (considerable contributions to a cumulatively significant impact) as a result of implementation of the CalVTP.


[bookmark: _Toc480195417][bookmark: _Toc485802924][bookmark: _Toc514146165][bookmark: _Toc24009444]Alternatives to the Proposed CalVTP


Agencies, organizations, and individuals provided suggestions for alternatives during interagency consultation and review of the Notice of Preparation (NOP). Alternatives were evaluated for consideration in the PEIR if they were determined to: (1) accomplish all or most of the project objectives, (2) be potentially feasible (from economic, legal, regulatory, and technological standpoints), and (3) avoid or substantially lessen any significant effects of the proposed program. Alternatives that meet these evaluation criteria are evaluated in the PEIR, and are listed as follows:


No Program Alternative, which assumes vegetation treatments would continue to be implemented through existing plans, policies, and operations; 


Alternative A: Reduced Scale of Treatments, which would treat up to 60,000 acres per year with a combination of WUI fuel reduction, fuel break, and ecological restoration projects across the entire treatable landscape; 


Alternative B: WUI Fuel Reduction Only, which would seek to treat approximately 250,000 acres per year entirely within the WUI, encompassing approximately 10.1 million acres of the treatable landscape;


Alternative C: Modified WUI Fuel Reduction and Fuel Breaks, which would seek to treat approximately 250,000 acres per year through WUI fuel reduction and fuel breaks without the use of prescribed burning in chaparral and coastal sage scrub vegetation types;


Alternative D: No Prescribed Burning Treatments, which would seek to treat approximately 250,000 acres per year with a combination of WUI fuel reduction, fuel break, and ecological restoration projects without the use of prescribed burning; and


Alternative E: No Herbicide Treatments, which would seek to treat approximately 250,000 acres per year with a combination of WUI fuel reduction, fuel break, and ecological restoration projects without the use of herbicides.


Those alternatives that do not meet the criteria identified above for detailed evaluation and are dismissed from further consideration in the PEIR are listed as follows: 


Non-Vegetation Management Alternatives;


Defensible Space Focus;


Electric Utility Focus;


Alternatives Evaluated in the 2017 Draft VTP PEIR; and


Alternatives Dismissed in the 2017 Draft VTP PEIR:


reduced acreage,


Highly Constrained – WUI and VHFHSZ,


Limiting Treatment to Areas with High Incidence of Wildfires,


High Acres in the WUI Only,


Focusing on Areas of Historical Use of Treatments,


1,000 Foot WUI and Fuel Break Maintenance Only, and


Fire Return Interval Departure.


[bookmark: _Toc480195418]Environmentally Superior Alternative


[bookmark: _Hlk11154992]With each alternative, there would be environmental tradeoffs; that is, impacts on certain resource areas from an alternative would increase while others would decrease relative to the proposed program. Additionally, each alternative would result in significant and unavoidable impacts. The proposed program would achieve all the basic program objectives but would result in potentially significant impacts and require the application of mitigation to reduce some, but not all, of the significant impacts to a less-than-significant level. The alternatives, particularly Alternative B: WUI Fuel Reduction Only and Alternative D: No Prescribed Burning Treatments, would result in fewer potentially significant impacts for some resources and exacerbate impacts for other resources, but would not achieve the basic program objectives to the same extent as the proposed program. 


In light of these tradeoffs among the alternatives and the proposed program, none of the alternatives clearly stands out as environmentally superior. Identification of the environmentally superior alternative is, therefore, not an objective choice based on quantifiable criteria, but rather, an exercise of discretion in balancing environmental priorities among potential impacts in relation to the extent to which the alternative would meet the program objectives. If the key criterion for identifying the environmentally superior alternative is avoiding significant and unavoidable impacts and priority is given to issues related to human health, Alternative D would become the environmentally superior alternative, because it would avoid a significant and unavoidable air quality impact of the proposed program related to short-term exposure of people to toxic air contaminants during prescribed burning. 


[bookmark: _Toc480195419][bookmark: _Toc485802925][bookmark: _Toc514146166][bookmark: _Toc24009445]Areas of Controversy and Issues to be Resolved


The NOP for the CalVTP PEIR was distributed on January 30, 2019, to responsible agencies, interested parties, and organizations, as well as private organizations and individuals that may have an interest in the project. The Board held public scoping meetings on February 11 and 19, and on March 18, 2019 to provide information on the proposed CalVTP and solicit public input on the scope and content of the PEIR. 


The following environmental concerns and issues were expressed most frequently during the scoping process:


Efficacy of wildland vegetation treatments at reducing fire risk in communities, including from wind-driven fires


Air quality and public health impacts from prescribed burning


Impacts on climate change and carbon sequestration from removal of vegetation by vegetation treatments as well as wildfire 


Cumulative impacts on chaparral and coastal sage scrub vegetation from vegetation treatments, prescribed burning, and wildfires


[bookmark: _Hlk11155013]Impacts on biological resources from treatment activities


The process for environmental review of later treatment activities under the CalVTP


Suggestions for alternatives to the CalVTP


These issues are addressed in this PEIR. A summary of comments received on the NOP and the location where each is addressed in the PEIR are presented in Appendix A.


[bookmark: _Hlk11155027]Consultation is ongoing pursuant to PRC Section 21080.3 regarding the potential for effects on tribal cultural resources. The consultation process may identify potentially affected tribal cultural resources or result in refinements to mitigation measures. To account for this uncertainty while consultation is actively underway, this PEIR identifies impacts on tribal cultural resources as potentially significant, notwithstanding the likelihood that consultation may result in an agreement among the parties to measures that mitigate or avoid a significant effect, if a significant effect exists, on a tribal cultural resource.


[bookmark: _Toc24009446]Intended Uses of this PEIR


[bookmark: _Hlk7679147]According to the State CEQA Guidelines (Section 15064[f][1]), preparation of an EIR is required whenever a project may result in a significant environmental impact. This document functions as a Program EIR in accordance with State CEQA Guidelines Section 15168(c) for streamlining later activities. According to Section 15168 of the State CEQA Guidelines, a Program EIR may be prepared on a series of actions that can be characterized as one large project and are related to, among other things, the issuance of general criteria to govern the conduct of a continuing program or individual activities carried out under the same authorizing statutory or regulatory authority, and having generally similar environmental effects that can be mitigated in similar ways. 


For the purposes of this PEIR a “project proponent” is bea public agency providing funding for vegetation treatment or with land ownership, land management, or other regulatory responsibility in the treatable landscape and seeking to implement vegetation treatments consistent with this PEIR for CEQA compliance CAL FIRE or another public agency funded by CAL FIRE grants or with land ownership and/or management responsibilities in the treatable landscape that is seeking to implement vegetation treatments consistent with the CalVTP, using the PEIR for CEQA compliance. CAL FIRE or other project proponents must evaluate the later activities associated with each vegetation treatment project to determine whether such activities have been analyzed in this PEIR. Such evaluations must ascertain whether these future vegetation treatment projects are consistent with the activities contained in the CalVTP and would have effects that were analyzed in the PEIR. If the project proponent finds that the impacts were analyzed in the PEIR and no new or substantially more severe significant effects could occur or no new mitigation measures would be required for a subsequent treatment project, the project can be found to be within the scope of this PEIR. In this circumstance, no additional CEQA documentation would need to be prepared or publicly circulated (State CEQA Guidelines Section 15168[c][2] and [4]). The documentation used to substantiate the “within the scope” finding would provide the substantial evidence required to reach that conclusion. For the CalVTP, this documentation would be completion of the Project-specific Analysis checklist and provision of supporting studies (see Appendix PD-3 of this PEIR). The project proponent may act on the proposed later activity using this documentation and the PEIR for CEQA compliance purposes. If the later activity is approved, the project proponent would file a Notice of Determination. 


Under this CEQA compliance approach, a project proponent must incorporate all standard project requirements relevant to the proposed activity and all feasible mitigation measures from the PEIR into the later activity, as needed, to address significant or potentially significant effects on the environment. A “within the scope” finding for later activities would facilitate an increase in the pace and scale of project approvals in a manner that includes environmental protections. If a proposed project is not within the scope of this CalVTP PEIR, then the project proponent may serve as a lead agency in the preparation of additional environmental documentation that accompanies the PEIR for CEQA compliance or in the conduct of a separate, independent CEQA review and documentation process. If a later EIR is prepared, it could be limited in its scope to the new or substantially more severe significant impact and could require additional CEQA documentation, as directed by State CEQA Guidelines Sections 15162. 15163, and 15168. Pursuant to State CEQA Guidelines Section 15168(d), a later negative declaration could be prepared if the new impact would be less than significant or mitigated negative declaration could be prepared if the new impact could be clearly mitigated to less than significant. If a new or substantially more severe significant effect could not be clearly mitigated to less than significant, an EIR would be prepared that would focus on the new or substantially more severe significant impact(s). 
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			[bookmark: _Toc478994895][bookmark: _Toc485803805][bookmark: _Toc525649187][bookmark: _Toc24009447]Table ES-1	Summary of Impacts and Mitigation Measures





			Impacts


			Significance before Mitigation


			Mitigation Measures


			Significance after Mitigation





			NI = No impact	LTS = Less than significant	PS = Potentially significant	LTSM = Less than significant with mitigation	SU = Significant and unavoidable





			Aesthetics and Visual Resources


			


			


			





			Impact AES-1: Result in Short-Term, Substantial Degradation of a Scenic Vista or Visual Character or Quality of Public Views, or Damage to Scenic Resources in a State Scenic Highway from Treatment Activities


Varying degrees of temporary degradation of public views would result during active implementation of vegetation treatment activities under the proposed CalVTP. Herbicide application and prescribed herbivory would occur intermittently and move throughout a project area. These types of activities would not block any views, dominate a viewshed, or significantly disrupt views from a scenic vista or state scenic highway. Equipment and vehicles associated with manual and mechanical treatments and prescribed burning could be visible to public viewers at scenic vistas, along a state scenic highway, or other public view points. However, activities would be temporary, lasting from 1 week to 6 months, and implementation of SPR AES-2 would avoid and minimize visual impacts from the presence of treatment equipment. In addition, smoke from prescribed burns would not result in substantial short-term aesthetic impacts, because burning would temporary, lasting up to 1 week but typically only 1 day, and project proponents would be required to prepare and adhere to a smoke management plan (SMP) (SPR AQ-2) and a Burn Plan (SPR AQ-3) which prescribe the conditions under which prescribed burning can occur to reduce the generation and visibility of smoke. Therefore, this impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact AES-2: Result in Long-Term, Substantial Degradation of a Scenic Vista or Visual Character or Quality of Public Views, or Damage to Scenic Resources in a State Scenic Highway from WUI Fuel Reduction, Ecological Restoration, or Shaded Fuel Break Treatment Types


Long-term effects to aesthetics would occur from implementing WUI fuel reduction, ecological restoration, and shaded fuel break treatment types in the treatable landscape. Because ecological restoration would be designed to improve habitat quality and create a landscape appearance closer to native conditions, it would result in long-term beneficial visual impacts. WUI fuel reduction activities would reduce vegetation near communities. However, it would not be significantly noticeable because sufficient vegetation would remain and could aid in the visual transition from wildlands to urban environment. Prescribed burning in the grass fuel type would result in the most substantial visual change as grasses would turn a dark charcoal/black color directly following prescribed burning. However, grasses would regrow during the next growing season(s), and wildfire and prescribed burning currently occur within the treatable landscape, thus burned vegetation of all types is occasionally visible. Requirements from SPR AD-4 and SPR REC-1 would be incorporated into prescribed burning projects and ensure notification to the public prior to the commencement of burning operations.


In the case of shaded fuel breaks, because not all of the existing vegetation would be cleared, and large trees would remain, vividness, intactness, and unity of views would remain, and their presence would not substantially affect views from a scenic vista or from a state scenic highway. Requirements from SPR AES-1 and SPR AES-3 would be incorporated into vegetation treatments to break up or screen linear edges of a clearing and screen views from public view points as feasible. Therefore, these treatment types would not result in a long-term or substantial degradation of a scenic vista, substantially damage resources in a state scenic highway, or degrade the existing visual character and quality of a site. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact AES-3: Result in Long-Term Substantial Degradation of a Scenic Vista or Visual Character or Quality of Public Views, or Damage to Scenic Resources in a State Scenic Highway from the Non-Shaded Fuel Break Treatment Type


Implementation of non-shaded fuel breaks would remove all of the vegetation within a treatment area and could be visible from scenic vistas, state scenic highways, or other public view points. Because non-shaded fuel breaks remove all vegetation, this treatment type could lead to a long-term adverse visual change in the landscape by resulting in a contrasting linear element in an otherwise natural environment. This change would constitute substantial degradation of a scenic vista or the visual character and quality of public views, or substantial damage to scenic resources within a state scenic highway to the extent a non-shaded fuel break is visible to the public. This would be a potentially significant impact.


			PS


			Mitigation Measure AES-3: Conduct Visual Reconnaissance for Non-Shaded Fuel Breaks and Relocate or Feather and Screen Publicly Visible Non-Shaded Fuel Breaks


The project proponent will conduct a visual reconnaissance of the treatment area prior to implementing non-shaded fuel breaks to observe the surrounding landscape and determine if public viewing locations, including scenic vistas, public trails, and state scenic highways, have views of the proposed treatment area. If none are identified, the non-shaded fuel break may be implemented without additional visual mitigation


If the project proponent identifies public viewing points, including heavily used scenic vistas, public trails, recreation areas, and state scenic highways with lengthy views (i.e., longer than a few seconds) of a proposed non-shaded fuel break treatment area, the project proponent will, prior to implementation, attempt to identify any feasible change in location of the fuel break to reduce its visibility from public viewpoints. If no feasible location changes exist that would reduce impacts to public viewers and achieve the intended wildfire risk reduction objectives of the proposed non-shaded fuel break, the project proponent will implement, where feasible, a shaded fuel break rather than a non-shaded fuel break, if the shaded fuel break would achieve the intended wildfire risk reduction objectives. With the shaded fuel break, the project proponent will thin and feather adjacent vegetation to break up the linear edges of the fuel break and strategically preserve vegetation at the edge of the fuel break, as feasible, to help screen public views and minimize the contrast between the fuel break and surrounding vegetation.


			SU





			Agricultural and Forestry Resources


			


			


			





			Impact AG-1: Directly Result in the Loss of Forest Land or Conversion of Forest Land to a Non-Forest Use or Involve Other Changes in the Existing Environment Which, Due to Their Location or Nature, Could Result in Conversion of Forest Land to Non-Forest Use


The WUI fuel reduction, ecological restoration and non-shaded fuel break treatment types would inherently retain some vegetation within treatment areas. Establishing a non-shaded fuel break would require complete removal of vegetation within the limited area of the fuel break. Untreated vegetation surrounding the fuel break within forest land would remain intact. Although, treatment activities would alter forest land through vegetation removal, the area would generally support 10 percent of native tree cover thereby maintaining consistency with the definition of forest land as defined by PRC Section 12220(g). Treatment activities under the CalVTP would not result in the loss of forest land or conversion of forest land to a non-forest use. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Air Quality


			


			


			





			Impact AQ-1: Generate Emissions of Criteria Air Pollutants and Precursors during Treatment Activities that Would Exceed CAAQS or NAAQS and Conflict with Regional Air Quality Plans


Emissions of criteria air pollutants and precursors generated by mechanical and manual treatments, prescribed herbivory, herbicide application, and prescribed burns under the CalVTP would likely exceed air district–established mass emission thresholds and, therefore, result in, or contribute to, the nonattainment status with respect to the NAAQS and CAAQS in one or more air basins. In addition, treatment activity–related emissions could result in, or contribute to, localized exceedances of NAAQS and CAAQS for CO, PM10, and PM2.5 in areas where people reside and work, thereby also conflicting with the air quality planning efforts of regional air districts, including those that comprise the SIP. This could result in health complications experienced by receptors, which, if it occurred, would be a potentially significant impact.


			PS


			Mitigation Measure AQ-1: Implement On-Road Vehicle and Off-Road Equipment Exhaust Emission Reduction Techniques


Where feasible, project proponents will implement emission reduction techniques to reduce exhaust emissions from off-road equipment. It is acknowledged that due to cost, availability, and the limits of current technology, there may be circumstances where implementation of certain emission reduction techniques will not feasible. The project proponent will document the emission reduction techniques that will be applied and will explain the reasons other techniques that could reduce emissions are infeasible.


Techniques for reducing emissions may include, but are not limited to, the following:


Diesel-powered off-road equipment used in construction will meet EPA’s Tier 4 emission standards as defined in 40 CFR 1039 and comply with the exhaust emission test procedures and provisions of 40 CFR Parts 1065 and 1068. Tier 3 models can be used if a Tier 4 version of the equipment type is not yet produced by manufacturers. This measure can also be achieved by using battery-electric off-road equipment as it becomes available. Prior to implementation of treatment activities, the project proponent will demonstrate the ability to supply the compliant equipment. A copy of each unit’s certified tier specification or model year specification and operating permit (if applicable) will be available upon request at the time of mobilization of each unit of equipment.


Use renewable diesel fuel in diesel-powered construction equipment. Renewable diesel fuel must meet the following criteria:


meet California’s Low Carbon Fuel Standards and be certified by CARB Executive Officer;


be hydrogenation-derived (reaction with hydrogen at high temperatures) from 100 percent biomass material (i.e., non-petroleum sources), such as animal fats and vegetables;


contain no fatty acids or functionalized fatty acid esters; and


have a chemical structure that is identical to petroleum-based diesel and complies with American Society for Testing and Materials D975 requirements for diesel fuels to ensure compatibility with all existing diesel engines. 


Electric- and gasoline-powered equipment will be substituted for diesel-powered equipment.


Workers will be encouraged to carpool to work sites, and/or use public transportation for their commutes.


Off-road equipment, diesel trucks, and generators will be equipped with Best Available Control Technology for emission reductions of NOX and PM. 


			SU





			Impact AQ-2: Expose People to Diesel Particulate Matter Emissions and Related Health Risk


Because of the short duration of treatment activities and because treatment activity would not take place near the same people for an extended period of time, diesel PM generated by treatment activities would not expose any person to an incremental increase in cancer risk greater than 10 in one million or a Hazard Index of 1.0 or greater. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact AQ-3: Expose People to Fugitive Dust Emissions Containing Naturally Occurring Asbestos and Related Health Risk


Treatment activities implemented under the CalVTP could involve ground disturbing activities in areas where NOA is present. However, multiple SPRs would limit exposure of people to NOA-containing fugitive dust emissions generated by treatment activities implemented under the CalVTP. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact AQ-4: Expose People to Toxic Air Contaminants Emitted by Prescribed Burns and Related Health Risk


Prescribed burns conducted under the CalVTP could result in the short-term exposure of people to concentrations of TACs and associated levels of acute health risk with a Hazard Index greater than 1.0. This would be a potentially significant impact.


			PS


			Additional measures are not feasible.


			SU





			Impact AQ-5: Expose People to Objectionable Odors from Diesel Exhaust


While the use of diesel-powered equipment during treatment activities performed under the CalVTP could result in temporary emissions of odorous diesel exhaust, it is not anticipated that this the levels of diesel exhaust would be excessive, nor would it affect a substantial number of people. This would be a less-than-significant impact.


			LTS


			No mitigation is required.


			LTS





			Impact AQ-6: Expose People to Objectionable Odors from Smoke During Prescribed Burning


Prescribed burns conducted under the CalVTP could result in the short-term exposure of a substantial number of people to odorous smoke. This would be a potentially significant impact.


			PS


			Additional measures are not feasible.


			SU





			Archaeological, Historical, and Tribal Cultural Resources


			


			


			





			Impact CUL-1: Cause a Substantial Adverse Change in the Significance of Built Historical Resources


Vegetation treatment under the CalVTP could occur on lands that contain built historical resources. Implementation of SPRs CUL-1, CUL-76, and CUL-87, would avoid any substantial adverse change to any built historical resources. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact CUL-2: Cause a Substantial Adverse Change in the Significance of Unique Archaeological Resources or Subsurface Historical Resources


Vegetation treatment under the CalVTP could occur on lands that contain resources that may qualify as unique archaeological resources or subsurface historical resources. The CalVTP primarily involves treatment activities that either require no soil disturbance or very shallow soil disturbance; however, it is possible that unique archaeological or subsurface historical resources would be disturbed during treatment activities. SPRs CUL-1 through CUL-5 and SPR CUL-87 require a records search, pre-field research, an archaeological survey, coordination with Native American groups, worker training to recognize sensitive cultural resources, and avoiding or protecting known resources. Despite implementation of these SPRs, unknown unique archaeological resources or subsurface historical resources could be inadvertently damaged during treatment activities. This would be a potentially significant impact.


			PS


			Mitigation Measure CUL-2: Protect Inadvertent Discoveries of Unique Archaeological Resources or Subsurface Historical Resources


If any prehistoric or historic-era subsurface archaeological features or deposits, including locally darkened soil (“midden”), that could conceal cultural deposits, are discovered during ground-disturbing activities, all ground-disturbing activity within 100 feet of the resources will be halted and a qualified archaeologist or archaeologically trained resource professional will assess the significance of the find. The qualified archaeologist will work with the project proponent to develop a primary records report that will comply with the current “Archaeological Review Procedures for CAL FIRE Projects” or equivalent applicable state or local agency procedures, if applicable. If the archaeologist determines that further information is needed to evaluate significance, a data recovery plan will be prepared. If the find is determined to be significant by the qualified archaeologist (i.e., because the find constitutes a unique archaeological resource, subsurface historical resource, or tribal cultural resource), the archaeologist will work with the project proponent to develop appropriate procedures to protect the integrity of the resource. Procedures could include preservation in place (which is the preferred manner of mitigating impacts to archaeological sites), archival research, subsurface testing, or recovery of scientifically consequential information from and about the resource. Any find will be recorded standard DPR Primary Record forms (Form DPR 523) will be submitted to the appropriate regional information center.


			SU





			Impact CUL-3: Cause a Substantial Adverse Change in the Significance of a Tribal Cultural Resource


The Board sent letters to 12 Native American tribes on February 9, 2019, notifying each that the PEIR was being prepared under CEQA, as required by PRC 21080.3.1. Four tribes requested initiation of tribal consultation. Tribal consultation is ongoing, but not yet complete and could result in the identification of tribal cultural resources as described under has been completed with these tribes pursuant to PRC Section 21074. No tTribal cultural resources may be were identified within the treatable landscape during consultation. Implementation of SPRs CUL-1 through CUL-6 and SPR CUL-8, would avoid any substantial adverse change to tribal cultural resources.  and could be affected by treatments implemented under the proposed CalVTP. This impact would be a potentially significant impact less than significant.


			PSLTS


			No mitigation is required. Mitigation Measure CUL-3: Complete Tribal Consultation (PRC Section 21080.3.1) and Avoid Potential Effects on Tribal Cultural Resources


The Board of Forestry and Fire Protection will complete tribal consultation pursuant to PRC Section 21080.3.1 


If no tribal cultural resource is identified during consultation, no further mitigation is required. 


If the project proponent determines that a treatment may cause a substantial adverse change to a tribal cultural resource, and measures to protect the resource are not otherwise identified in the consultation process, provisions under PRC Section 21084.3(b) describe mitigation measures that may avoid or minimize the significant adverse impacts. Examples include:


1.	Avoidance and preservation of the resources in place, including, but not limited to, designing the treatment to avoid the resources and protect the cultural and natural context. 


2.	Treating the resource with culturally appropriate dignity taking into account the tribal cultural values and meaning of the resource, including, but not limited to, the following: 


A.	Protecting the cultural character and integrity of the resource 


B.	Protecting the traditional use of the resource 


C.	Protecting the confidentiality of the resource. 


			SU LTS





			Impact CUL-4: Disturb Human Remains


Prehistoric or historic-era marked or un-marked human interments and cremated remains are present throughout California, including the treatable landscape. Ground-disturbing vegetation treatment activities could uncover previously unknown human remains. Compliance with California Health and Safety Code Sections 7050.5 and 7052 and PRC Section 5097 would avoid disturbance. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Biological Resources


			


			


			





			Impact BIO-1: Substantially Affect Special-Status Plant Species Either Directly or Through Habitat Modifications


Vegetation treatment activities could result in direct removal or destruction, or indirect death or reduced vigor of special-status plants through habitat modifications. Implementation of SPRs BIO-1, BIO-2, BIO-7, and BIO-9 require special-status plants to be identified prior to treatment activities, Worker Environmental Awareness Program (WEAP) training for workers, and actions to prevent the spread of invasive plants that could threaten special-status plant populations. While SPRs would minimize impacts, treatment activities could inadvertently damage or destroy special-status plants and adversely modify their habitat resulting in reduced growth and reproduction or death and loss of special-status plant occurrences. This would be a potentially significant impact.


			PS


			[bookmark: _Hlk19191415][bookmark: _Hlk23777204]Mitigation Measure BIO-1a: Avoid Loss of Special-Status Plants Listed under ESA or CESA


[bookmark: _Hlk20318026]If listed plants are determined to be present through application of SPR BIO-1 and SPR BIO-7, the project proponent will avoid and protect these species by establishing a no-disturbance buffer around the area occupied by listed plants and marking the buffer boundary with high-visibility flagging, fencing, stakes, or clear, existing landscape demarcations (e.g., edge of a roadway), exceptions to this requirement are listed later in this measure. The no-disturbance buffers will generally be a minimum of 50 feet from listed plants, but the size and shape of the buffer zone may be adjusted if a qualified RPF or botanist determines that a smaller buffer will be sufficient to avoid killing or damaging listed plants or that a larger buffer is necessary to sufficiently protect plants from the treatment activity. The appropriate buffer size will be determined based on plant phenology at the time of treatment (e.g., whether the plants are in a dormant, vegetative, or flowering state), the individual species’ vulnerability to the treatment method being used, and environmental conditions and terrain. For example, paint-on or wicking application of herbicides to invasive plants may be implemented within 50 feet of listed plant species without posing a risk, especially if the listed plants are dormant at the time of application. Consideration of factors such as site hydrology, changes in light, edge effects, and potential introduction of invasive plants and noxious weeds may inform the determination of buffer width. If a no-disturbance buffer is reduced below 50 feet from a listed plant, a qualified RPF or botanist will provide the project proponent with a site- and/or treatment activity-specific explanation for the buffer reduction, which will be included in the PSA. After completion of the PSA and prior to or during treatment implementation, if there is any deviation (e.g., further reduction) from the reduced buffer as explained in the PSA, this will be documented in the post-project implementation report (referred to by CAL FIRE as a Completion Report) with a science-based justification for the deviation. No fire ignition (and associated use of accelerants) will occur within 50 feet of listed plants.


For species listed under ESA or CESA, if the project proponent cannot avoid loss by implementing no-disturbance buffers, the project proponent will implement Mitigation Measure BIO-1c.


The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or botanist, in consultation with CDFW and USFWS, as appropriate depending on species status and location, that the listed plants would benefit from treatment in the occupied habitat area even though some of the listed plants may be lost during treatment activities. For a treatment to be considered beneficial to listed special-status plants, the qualified RPF or botanist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the species (or similar species) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to listed plants, no compensatory mitigation for loss of individuals will be required.


[bookmark: _Hlk19191424]Mitigation Measure BIO-1b: Avoid Loss of Special-Status Plants Not Listed Under ESA or CESA 


If non-listed special-status plant species (i.e., species not listed under ESA or CESA, but meeting the definition of special-status as stated in Section 3.6.1 of the Program EIR) are determined to be present through application of SPR BIO-1 and SPR BIO-7, the project proponent will implement the following measures to avoid loss of individuals and maintain habitat function of occupied habitat:


Physically avoid the area occupied by the special-status plants by establishing a no-disturbance buffer around the area occupied by species and marking the buffer boundary with high-visibility flagging, fencing, stakes, or clear, existing landscape demarcations (e.g., edge of a roadway). The no-disturbance buffers will generally be a minimum of 50 feet from special-status plants, but the size and shape of the buffer zone may be adjusted if a qualified RPF or botanist determines that a smaller buffer will be sufficient to avoid loss of or damaging to special-status plants or that a larger buffer is necessary to sufficiently protect plants from the treatment activity. The appropriate size and shape of the buffer zone will be determined by a qualified RPF or botanist and will depend on plant phenology at the time of treatment (e.g., whether the plants are in a dormant, vegetative, or flowering state), the individual species’ vulnerability to the treatment method being used, and environmental conditions and terrain. Consideration of factors such as site hydrology, changes in light, edge effects, and potential introduction of invasive plants and noxious weeds may inform an appropriate buffer size and shape.


Treatments may be conducted within this buffer if the potentially affected special-status plant species is  a geophytic, stump-sprouting, or annual species, and the treatment can be conducted outside of the growing season (e.g., after it has completed its annual life cycle) or during the dormant season using only treatment activities that would not damage the stump, root system or other underground parts of special-status plants or destroy the seedbank. 


Treatments will be designed to maintain the function of special-status plant habitat. For example, for a fuel break proposed in treatment areas occupied by special-status plants, if the removal of shade cover would degrade the special-status plant habitat despite the requirement to physically or seasonally avoid the special-status plant itself, habitat function would be diminished and the treatment would need to be modified or precluded from implementation.


No fire ignition (and associated use of accelerants) will occur within the special-status plant buffer. 


A qualified RPF or botanist with knowledge of the special-status plant species habitat and life history will review the treatment design and applicable impact minimization measures (potentially including others not listed above) to determine if the anticipated residual effects of the treatment would be significant under CEQA because implementation of the treatment would not maintain habitat function of the special-status plant habitat (i.e., the habitat would be rendered unsuitable) or because the loss of special-status plants would substantially reduce the number or restrict the range of a special-status plant species. If the project proponent determines the impact on special-status plants would be less than significant, no further mitigation will be required. If the project proponent determines that the loss of special-status plants or degradation of occupied habitat would be significant under CEQA after implementing feasible treatment design alternatives and impact minimization measures, then Mitigation Measure BIO-1c will be implemented. 


[bookmark: _Hlk20835659]The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or botanist that the special-status plants would benefit from treatment in the occupied habitat area even though some of the non-listed special-status plants may be killed during treatment activities. For a treatment to be considered beneficial to non-listed special-status plants, the qualified RPF or botanist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the species (or similar species) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to special-status plants, no compensatory mitigation will be required. 


Mitigation Measure BIO-1c: Compensate for Unavoidable Loss of Special-Status Plants


[bookmark: _Hlk18690925][bookmark: _Hlk18411482]If significant impacts on listed or non-listed special-status plants cannot feasibly be avoided as specified under the circumstances described under Mitigation Measures BIO-1a and 1b, the project proponent will prepare a Compensatory Mitigation Plan that identifies the residual significant impacts that require compensatory mitigation and describes the compensatory mitigation strategy being implemented and how unavoidable losses of special-status plants will be compensated. The project proponent will consult with CDFW and/or any other applicable responsible agency prior to finalizing the Compensatory Mitigation Plan to satisfy that responsible agency’s requirements (e.g., permits, approvals) within the plan. If the special-status plant taxa are listed under ESA or CESA, the plan will be submitted to CDFW and/or USFWS (as appropriate) for review and comment.


The first priority for compensatory mitigation will be preserving and enhancing existing populations outside of the treatment area in perpetuity, or if that is not an option because existing populations that can be preserved in perpetuity are not available, one of the following mitigation options will be implemented by the project proponent instead:


creating populations on mitigation sites outside of the treatment area through seed collection and dispersal (annual species) or transplantation (perennial species); 


purchasing mitigation credits from a CDFW- or USFWS-approved conservation or mitigation bank in sufficient quantities to offset the loss of occupied habitat; and


if the affected special-status plants are not listed under ESA or CESA, compensatory mitigation may include restoring or enhancing degraded habitats so that they are made suitable to support special-status plant species in the future.


[bookmark: _Hlk18690044]If relocation efforts are part of the Compensatory Mitigation Plan, the plan will include details on the methods to be used, including collection, storage, propagation, receptor site preparation, installation, long-term protection and management, monitoring and reporting requirements, success criteria, and remedial action responsibilities should the initial effort fail to meet long-term monitoring requirements. The following performance standards will be applied for relocation:


the extent of occupied area will be substantially similar to the affected occupied habitat and will be suitable for self-producing populations. Re-located/re-established populations will be considered suitable for self-producing when:


habitat conditions allow for plants to reestablish annually for a minimum of 5 years with no human intervention, such as supplemental seeding; and


reestablished habitats contain an occupied area comparable to existing occupied habitat areas in similar habitat types in the region.


[bookmark: _Hlk18687358]If preservation of existing populations or creation of new populations is part of the mitigation plan, the Compensatory Mitigation Plan will include a summary of the proposed compensation lands and actions (e.g., the number and type of credits, location of mitigation bank or easement, restoration or enhancement actions), parties responsible for the long-term management of the land, and the legal and funding mechanisms (e.g., holder of conservation easement or fee title). The project proponent will submit evidence that the necessary mitigation has been implemented or that the project proponent has entered into a legal agreement to implement it and that compensatory plant populations will be preserved in perpetuity. 


If mitigation includes dedication of conservation easements, purchase of mitigation credits, or other offsite conservation measures, the details of these measures will be included in the mitigation plan, including information on responsible parties for long-term management, conservation easement holders, long-term management requirements, funding assurances, and success criteria such as those listed above and other details, as appropriate to target the preservation of long term viable populations.


If mitigation includes restoring or enhancing habitat within the treatment area or outside of the treatment area, the Compensatory Mitigation Plan will include a description of the proposed habitat improvements, success criteria that demonstrate the performance standard of maintained habitat function has been met, legal and funding mechanisms, and parties responsible for long-term management and monitoring of the restored habitat.


[bookmark: _Hlk8142492][bookmark: _Hlk8142526]If the loss of occupied habitat cannot be offset (e.g., if preservation of existing populations or creation of new populations through relocation efforts are not available for a certain species), and as a result treatment activities would substantially reduce the number or restrict the range of listed plant species, then the treatment will not qualify as within the scope of this PEIR. 


Compensatory mitigation may be satisfied through compliance with permit conditions, or other authorizations obtained by the project proponent (e.g., incidental take permit for state-listed plants), if these requirements are equally or more effective than the mitigation identified above.


			LTSM





			Impact BIO-2: Substantially Affect Special-Status Wildlife Species Either Directly or Through Habitat Modifications


Treatment activities implemented under the proposed CalVTP, including prescribed burning, mechanical treatment, manual treatment, prescribed herbivory, and herbicide treatment, could result in direct or indirect adverse effects to several special-status wildlife species. SPRs require pre-treatment surveys to identify special-status wildlife and habitats and avoidance and protection of certain sensitive habitats. While implementation of SPRs would minimize impacts, vegetation treatment activities would still remove vegetation and disturb the ground surface, which could result in the disturbance to or loss of individuals, reduced breeding productivity of affected species, or loss of habitat function. The loss of special-status wildlife species and habitat function would be a potentially significant impact.


			


			Significance before mitigation, mitigation measures, and significance after mitigation are listed for each wildlife species group 


			





			Tree-Nesting and Cavity-Nesting Wildlife


			PS


			[bookmark: _Hlk10552527]Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


If California Fully Protected Species or species listed under ESA or CESA are observed during reconnaissance surveys (conducted pursuant to SPR BIO-1) or focused or protocol-level surveys (conducted pursuant to SPR BIO-10), the project proponent will avoid adverse effects to the species by implementing the following.


Avoid Mortality, Injury, or Disturbance of Individuals


The project proponent will implement one of the following 2 measures to avoid mortality, injury, or disturbance of individuals:


1.	Treatment will not be implemented within the occupied habitat. Any treatment activities outside occupied habitat will be a sufficient distance from the occupied habitat such that mortality, injury, or disturbance of the species will not occur, as determined by a qualified RPF or biologist using the most current and commonly-accepted science and considering published agency guidance; OR 


2.	Treatment will be implemented outside the sensitive period of the species’ life history (e.g., outside the breeding or nesting season) during which the species may be more susceptible to disturbance, or disturbance could result in loss of eggs or young. For species present year-round, CDFW and/or USFWS/NOAA Fisheries will be consulted to determine if there is a period of time within which treatment could occur that would avoid mortality, injury, or disturbance of the species. 


For species listed under ESA or CESA, if the project proponent cannot avoid mortality, injury or disturbance by implementing one of the two options listed above, the project proponent will implement Mitigation Measure BIO-2c.


Injury or mortality of California Fully Protected Species is prohibited pursuant to Sections 3511, 4700, 5050, and 5515 of the California Fish and Game Code and will be avoided.


Maintain Habitat Function


The project proponent will design treatment activities to maintain the habitat function, by implementing the following:


[bookmark: _Hlk10778886]While performing review and surveys for SPR BIO-1 and SPR BIO-10, a qualified RPF or biologist will identify any habitat features that are necessary for survival (e.g., habitat necessary for breeding, foraging, shelter, movement) of the affected wildlife species (e.g., trees with complex structure, trees with large cavities, trees with nesting platforms; dens; tree snags; large raptor nests [including inactive nests]; downed woody debris; food sources). These habitat features will be marked and treatments applied to the features will be designed to minimize or avoid the loss or degradation of suitable habitat for listed species during treatments. Identification and treatment of these features will be based on the life history and habitat requirements of the affected species and the most current, commonly accepted science.


If it is determined during implementation of SPR BIO-1 and SPR BIO-10 that listed or fully protected wildlife with specific requirements for high canopy cover (e.g., Humboldt marten, fisher, spotted owl, coastal California gnatcatcher, riparian woodrat) are present within a treatment area, then tree or shrub canopy cover within existing suitable areas will be retained at the percentage preferred by the species (as determined by expert opinion, published habitat association information, or other documented standards that are commonly accepted [e.g., 50 percent for coastal California gnatcatcher]) such that habitat function is maintained. 


[bookmark: _Hlk19623302]A qualified RPF or biologist will determine if, after implementation of the impact avoidance measures listed above, the habitat function will remain for the affected species after implementation of the treatment. Because this measure pertains to species listed under CESA or ESA or are fully protected, the qualified RPF or biologist will consult with CDFW and/or USFWS/NOAA Fisheries regarding the determination that habitat function is maintained. If consultation determines that the treatment will not maintain habitat function for the special-status species, the project proponent will implement Mitigation Measure BIO-2c.


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


If other special-status wildlife species (i.e., species not listed under CESA or ESA or California Fully Protected, but meeting the definition of special status as stated in Section 3.6.1 of the Program EIR) are observed during reconnaissance surveys (conducted pursuant to SPR BIO-1) or focused or protocol-level surveys (conducted pursuant to SPR BIO-10), the project proponent will avoid or minimize adverse effects to the species by implementing the following.


Avoid Mortality, Injury, or Disturbance of Individuals


The project proponent will implement the following to avoid mortality, injury, or disturbance of individuals:


For all treatment activities except prescribed burning, the project proponent will establish a no-disturbance buffer around occupied sites (e.g., nests, dens, roosts, middens, burrows, nurseries). Buffer size will be determined by a qualified RPF or biologist using the most current, commonly accepted science and will consider published agency guidance; however, buffers will generally be a minimum of 100 feet, unless site conditions indicate a smaller buffer would be sufficient for protection or a larger buffer would be needed. Factors to be considered in determining buffer size will include, but not be limited to, the species’ tolerance to disturbance; the presence of natural buffers provided by vegetation or topography; nest height; locations of foraging territory; baseline levels of noise and human activity; and treatment activity. Buffer size may be adjusted if the qualified RPF or biologist determines that such an adjustment would not be likely to adversely affect (i.e., cause mortality, injury, or disturbance to) the species within the nest, den, burrow, or other occupied site. If a no-disturbance buffer is reduced below 100 feet from an occupied site, a qualified RPF or biologist will provide the project proponent with a site- and/or treatment activity-specific explanation for the buffer reduction, which will be included in the PSA. After completion of the PSA and prior to or during treatment implementation, if there is any deviation (e.g., further reduction) from the reduced buffer as explained in the PSA, this will be documented in the post-project implementation report (referred to by CAL FIRE as a Completion Report).


[bookmark: _Hlk20404279]No-disturbance buffers will be marked with high-visibility flagging, fencing, stakes, or clear, existing landscape demarcations (e.g., edge of a roadway). No activity will occur within the buffer areas until the qualified RPF or biologist has determined that the young have fledged or dispersed; the nest, den, or other occurrence is no longer active; or reducing the buffer would not likely result in disturbance, mortality, or injury. A qualified RPF, biologist, or biological technician may will be required to monitor the effectiveness of the no-disturbance buffer around the nest, den, burrow, or other occurrence during treatment if the treatment activity has the potential to result in mortality, injury, or disturbance. If treatment activities cause agitated behavior of the individual(s), the buffer distance will be increased, or treatment activities modified until the agitated behavior stops. The qualified RPF, biologist, or biological technician will have the authority to stop any treatment activities that could result in mortality, injury or disturbance to special-status species.


For prescribed burning, the project proponent will implement the treatment outside the sensitive period of the species’ life history (e.g., outside the breeding or nesting season) during which the species may be more susceptible to disturbance, or disturbance could result in loss of eggs or young. For species present year-round, the qualified RPF or biologist will determine the period of time within which prescribed burning could occur that will avoid or minimize mortality, injury, or disturbance of the species. The project proponent may consult with CDFW and/or USFWS for technical information regarding appropriate limited operating periods.


Maintain Habitat Function


For all treatment activities, the project proponent will design treatment activities to maintain the habitat function by implementing the following:


While performing review and surveys for SPR BIO-1 and SPR BIO-10, a qualified RPF or biologist will identify any habitat features that are necessary for survival (e.g., habitat necessary for breeding, foraging, shelter, movement) of the affected wildlife species (e.g., trees with complex structure, trees with large cavities, trees with nesting platforms; tree snags; large raptor nests [including inactive nests]; downed woody debris). These habitat features will be marked and treatments applied to the features will be designed to minimize or avoid the loss or degradation of suitable habitat for listed species during treatments. Identification and treatment of these features will be based on the life history and habitat requirements of the affected species and the most current, commonly accepted science. 


If it is determined during implementation of SPR BIO-1 and SPR BIO-10 that special-status wildlife with specific requirements for high canopy cover (e.g., northern goshawk, Sierra Nevada snowshoe hare) are present within a treatment area, then tree or shrub canopy cover within existing suitable areas will be retained at the percentage preferred by the species (as determined by expert opinion, published habitat association information, or other documented standards that are commonly accepted) such that the habitat function is maintained. 


[bookmark: _Hlk19629875]A qualified RPF or biologist will determine if, after implementation of the impact avoidance measures listed above, the habitat function will remain for the affected species after implementation of the treatment. The qualified RPF or biologist may consult with CDFW and/or USFWS for technical information regarding habitat function. 


A qualified RPF or biologist with knowledge of the special-status wildlife species habitat and life history will review the treatment design and applicable impact minimization measures (potentially including others not listed above) to determine if the anticipated residual effects of the treatment would be significant under CEQA because implementation of the treatment will not maintain habitat function of the special-status wildlife species’ habitat or because the loss of special-status wildlife would substantially reduce the number or restrict the range of a special-status wildlife species. If the project proponent determines the impact on special-status wildlife would be less than significant, no further mitigation will be required. If the project proponent determines that the loss of special-status wildlife or degradation of occupied habitat would be significant under CEQA after implementing feasible treatment design alternatives and impact minimization measures, then Mitigation Measure BIO-2c will be implemented. 


The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or biologist that the non-listed special-status wildlife would benefit from treatment in the occupied habitat area even though some of the non-listed special-status wildlife may be killed, injured, or disturbed during treatment activities. For a treatment to be considered beneficial to non-listed special-status wildlife, the qualified RPF or biologist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the species (or similar species) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to special-status wildlife, no compensatory mitigation will be required. The qualified RPF or biologist may consult with CDFW and/or USFWS for technical information regarding the determination that a non-listed special-status species would benefit from the treatment.


[bookmark: _Hlk10552568]Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


If the provisions of Mitigation Measure BIO-2a, BIO-2b, BIO-2d, BIO-2e, BIO-2f, or BIO-2g cannot be implemented and the project proponent determines that additional mitigation is necessary to reduce significant impacts, the project proponent will compensate for such impacts to species or habitat by acquiring and/or protecting land that provides (or will provide in the case of restoration) habitat function for affected species that is at least equivalent to the habitat function removed or degraded as a result of the treatment. 


Compensation may include:


1. 	Preserving existing habitat outside of the treatment area in perpetuity; this may entail purchasing mitigation credits and/or lands from a CDFW- or USFWS-approved entity in sufficient quantity to offset the residual significant impacts, generally at a ratio of 1:1 for habitat; and


2. 	Restoring or enhancing existing habitat within the treatment area or outside of the treatment area (including decommissioning roads, adding or removing perching structures, removing existing perching structures, or removing existing movement barriers or other existing features that are adversely affecting the species). 


The project proponent will prepare a Compensatory Mitigation Plan that identifies the residual significant effects that require compensatory mitigation and describes the compensatory mitigation strategy being implemented to reduce residual effects, and:


1. 	For preserving existing habitat outside of the treatment area in perpetuity, the Compensatory Mitigation Plan will include a summary of the proposed compensation lands (e.g., the number and type of credits, location of mitigation bank or easement), parties responsible for the long-term management of the land, and the legal and funding mechanisms for long-term conservation (e.g., holder of conservation easement or fee title). The project proponent will submit evidence that the necessary mitigation has been implemented or that the project proponent has entered into a legal agreement to implement it and that compensatory habitat will be preserved in perpetuity.


2. 	For restoring or enhancing habitat within the treatment area or outside of the treatment area, the Compensatory Mitigation Plan will include a description of the proposed habitat improvements, success criteria that demonstrate the performance standard of maintained habitat function has been met, legal and funding mechanisms, and parties responsible for long-term management and monitoring of the restored habitat.


Review requirements are as follows:


The project proponent will consult with CDFW and/or any other applicable responsible agency prior to finalizing the Compensatory Mitigation Plan in order to satisfy that responsible agency’s requirements (e.g., permits, approvals) within the plan.


For species listed under ESA or CESA or a California Fully Protected Species, the project proponent will submit the mitigation plan to CDFW and/or USFWS/NOAA Fisheries for review and comment.


For other special-status wildlife species the project proponent may consult with CDFW and/or USFWS regarding the availability and applicability of compensatory mitigation and other related technical information. 


Compensatory mitigation may be satisfied through compliance with permit conditions, or other authorizations obtained by the project proponent (e.g., incidental take permit), if these requirements are equally or more effective than the mitigation identified above. 


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


The project proponent will implement the following measures when working in treatment areas that contain sensitive natural communities identified during surveys conducted pursuant to SPR BIO-3: 


[bookmark: _Hlk19301838][bookmark: _Hlk18697735]Reference the Manual of California Vegetation, Appendix 2, Table A2, Fire Characteristics (Sawyer et al. 2009 or current version, including updated natural communities data at http://vegetation.cnps.org/) or other best available information to determine the natural fire regime of the specific sensitive natural community type (i.e., alliance) present. The condition class and fire return interval departure of the vegetation alliances present will also be determined. 


[bookmark: _Hlk19294540][bookmark: _Hlk19301049][bookmark: _Hlk18697842][bookmark: _Hlk11043444][bookmark: _Hlk19300948]Design treatments in sensitive natural communities and oak woodlands to restore the natural fire regime and return vegetation composition and structure to their natural condition to maintain or improve habitat function of the affected sensitive natural community. Treatments will be designed to replicate the fire regime attributes for the affected sensitive natural community or oak woodland type including seasonality, fire return interval, fire size, spatial complexity, fireline intensity, severity, and fire type as described in Fire in California’s Ecosystems (Van Wagtendonk et al. 2018) and the Manual of California Vegetation (Sawyer et al. 2009 or current version, including updated natural communities data at http://vegetation.cnps.org/). Treatments will not be implemented in sensitive natural communities that are within their natural fire return interval (i.e., time since last burn is less than the average time required for that vegetation type to recover from fire) or within Condition Class 1. 


To the extent feasible, no fuel breaks will be created in sensitive natural communities with rarity ranks of S1 (critically imperiled) and S2 (imperiled). 


[bookmark: _Hlk19106063]To the extent feasible, fuel breaks will not remove more than 20 percent of the native vegetation relative cover from a stand of sensitive natural community vegetation in sensitive natural communities with a rarity rank of S3 (vulnerable) or in oak woodlands. In forest and woodland sensitive natural communities with a rarity rank of S3, and in oak woodlands, only shaded fuel breaks will be installed, and they will not be installed in more than 20 percent of the stand of sensitive natural community or oak woodland vegetation (i.e., if the sensitive natural community covers 100 acres, no more than 20 acres will be converted to create the fuel break).


Use prescribed burning as the primary treatment activity in sensitive natural communities that are fire dependent (e.g., closed-cone forest and woodland alliances, chaparral alliances characterized by fire-stimulated, obligate seeders), to the extent feasible and appropriate based on the fire regime attributes as described in Fire in California’s Ecosystems (Van Wagtendonk et al. 2018) and the Manual of California Vegetation (Sawyer et al. 2009 or current version, including updated natural communities data at http://vegetation.cnps.org/).


Time prescribed herbivory to occur when non-target vegetation is not susceptible to damage (e.g. non-target vegetation is dormant or has completed its reproductive cycle for the year). For example, use herbivores to control invasive plants growing in sensitive habitats or sensitive natural communities when sensitive vegetation is dormant but invasive plants are growing. Timing of herbivory to avoid non-target vegetation will be determined by a qualified botanist, RPF, or biologist based on the specific vegetation alliance being treated, the life forms and life conditions of its characteristic plant species, and the sensitivity of the non-target vegetation to the effects of herbivory.


[bookmark: _Hlk20730185]The feasibility of implementing the avoidance measures will be determined by the project proponent based on whether implementation of this mitigation measure will preclude completing the treatment project within the reasonable period of time necessary to meet CalVTP program objectives, including, but not limited to, protection of vulnerable communities. If the avoidance measures are determined by the project proponent to be infeasible, the project proponent will document the reasons implementation of the avoidance strategies are infeasible in the PSA. After completion of the PSA and prior to or during treatment implementation, if there is any change in the feasibility of avoidance strategies from those explained in the PSA, this will be documented in the post-project implementation report (referred to by CAL FIRE as a Completion Report).


[bookmark: _Hlk19274785]A qualified RPF or botanist with knowledge of the affected sensitive natural community will review the treatment design and applicable impact minimization measures (potentially including others not listed above) to determine if the anticipated residual effects of the treatment would be significant under CEQA because implementation of the treatment will not maintain habitat functions of the sensitive natural community or oak woodland. If the project proponent determines the impact on sensitive natural communities or oak woodlands would be less than significant, no further mitigation will be required. If the project proponent determines that the loss or degradation of sensitive natural communities or oak woodlands would be significant under CEQA after implementing feasible treatment design alternatives and impact minimization measures, then Mitigation Measure BIO-3b will be implemented. 


The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or botanist that the sensitive natural community or oak woodland would benefit from treatment in the occupied habitat area even though some loss may occur during treatment activities. For a treatment to be considered beneficial to a sensitive natural community or oak woodland, the qualified RPF or botanist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the community (or similar community) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to sensitive natural communities or oak woodlands, no compensatory mitigation will be required. 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands


If significant impacts on sensitive natural communities or oak woodlands cannot feasibly be avoided or reduced as specified under Mitigation Measure BIO-3a, the project proponent will implement the following actions:


[bookmark: _Hlk19291408][bookmark: _Hlk19294742]Compensate for unavoidable losses of sensitive natural community and oak woodland acreage and function by: 


restoring sensitive natural community or oak woodland functions and acreage within the treatment area;


restoring degraded sensitive natural communities or oak woodlands outside of the treatment area at a sufficient ratio to offset the loss of acreage and habitat function; or


preserving existing sensitive natural communities or oak woodlands of equal or better value to the sensitive natural community lost through a conservation easement at a sufficient ratio to offset the loss of acreage and habitat function.


[bookmark: _Hlk19295410]The project proponent will prepare a Compensatory Mitigation Plan that identifies the residual significant effects on sensitive natural communities or oak woodlands that require compensatory mitigation and describes the compensatory mitigation strategy being implemented to reduce residual effects, and:


1.	For preserving existing habitat outside of the treatment area in perpetuity, the Compensatory Mitigation Plan will include a summary of the proposed compensation lands (e.g., the number and type of credits, location of mitigation bank or easement), parties responsible for the long-term management of the land, and the legal and funding mechanism for long-term conservation (e.g., holder of conservation easement or fee title). The project proponent will submit evidence that the necessary mitigation has been implemented or that the project proponent has entered into a legal agreement to implement it and that compensatory habitat will be preserved in perpetuity.


[bookmark: _Hlk18690321]2.	For restoring or enhancing habitat within the treatment area or outside of the treatment area, the Compensatory Mitigation Plan will include a description of the proposed habitat improvements, success criteria that demonstrate the performance standard of maintained habitat function has been met, legal and funding mechanisms, and parties responsible for long-term management and monitoring of the restored or enhanced habitat.


[bookmark: _Hlk19274513]The project proponent will consult with CDFW and/or any other applicable responsible agency prior to finalizing the Compensatory Mitigation Plan in order to satisfy that responsible agency’s requirements (e.g., permits, approvals) within the plan.


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


[bookmark: _Hlk10781027]If, after implementation of SPR BIO-4, impacts to riparian habitat remain significant under CEQA, the project proponent will implement the following:


Compensate for unavoidable losses of riparian habitat acreage and function by: 


restoring riparian habitat functions and acreage within the treatment area;


restoring degraded riparian habitat outside of the treatment area;


purchasing riparian habitat credits at a CDFW-approved mitigation bank; or


preserving existing riparian habitat of equal or better value to the riparian habitat lost through a conservation easement at a sufficient ratio to offset the loss of riparian habitat function and value.


The project proponent will prepare a Compensatory Mitigation Plan that identifies the residual significant effects on riparian habitat that require compensatory mitigation and describes the compensatory mitigation strategy being implemented to reduce residual effects, and:


1. 	For preserving existing riparian habitat outside of the treatment area in perpetuity, the Compensatory Mitigation Plan will include a summary of the proposed compensation lands (e.g., the number and type of credits, location of mitigation bank or easement), parties responsible for the long-term management of the land, and the legal and funding mechanism for long-term conservation (e.g., holder of conservation easement or fee title). The project proponent will submit evidence that the necessary mitigation has been implemented or that the project proponent has entered into a legal agreement to implement it and that compensatory plant populations will be preserved in perpetuity.


2. 	For restoring or enhancing riparian habitat within the treatment area or outside of the treatment area, the Compensatory Mitigation Plan will include a description of the proposed habitat improvements, success criteria that demonstrate the performance standard of maintained habitat function has been met, legal and funding mechanisms, and parties responsible for long-term management and monitoring of the restored or enhanced habitat.


[bookmark: _Hlk18413423]The project proponent will consult with CDFW and/or any other applicable responsible agency prior to finalizing the Compensatory Mitigation Plan to satisfy that responsible agency’s requirements (e.g., permits, approvals) within the plan. Compensatory mitigation may be satisfied through compliance with permit conditions, or other authorizations obtained by the project proponent (e.g., Lake and Streambed Alteration Agreement), if these requirements are equally or more effective than the mitigation identified above.


			LTSM





			Shrub-Nesting Wildlife


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-2d: Implement Protective Measures for Valley Elderberry Longhorn Beetle (All Treatment Activities)


If elderberry shrubs within the documented range of valley elderberry longhorn beetle are identified during review and surveys for SPR BIO-1, and valley elderberry longhorn beetle or likely occupied suitable elderberry habitat (e.g., within riparian, within historic riparian, containing exit holes) is confirmed to be present during protocol-level surveys following the protocol outlined in USFWS Framework for Assessing Impacts to the Valley Elderberry Longhorn Beetle (USFWS 2017) per SPR BIO-10, the following protective measures will be implemented to avoid and minimize impacts to valley elderberry longhorn beetle:


If elderberry shrubs are 165 feet or more from the treatment area, and treatment activities would not encroach within this distance, direct or indirect impacts are not expected and further mitigation is not required. 


If elderberry shrubs are located within 165 feet of the treatment area, the following measures will be implemented:


A minimum avoidance area of at least 20 feet from the dripline of each elderberry plant will be fenced or flagged and maintained to avoid direct impacts (e.g., damage to root system) that could damage or kill the plant, with the exception of the following activities:


Manual trimming of elderberry shrubs will only occur between November and February and will avoid removal of any branches or stems that are greater than or equal to 1 inch in diameter to avoid and minimize adverse effects on valley elderberry longhorn beetle. 


Manual or mechanical vegetation treatment within the drip-line of any elderberry shrub will be limited to the season when adults are not active (August - February), will be limited to methods that do not cause ground disturbance, and will avoid damaging the elderberry.


[bookmark: _Hlk19002795]A qualified RPF, or biologist, or biological technician familiar with valley elderberry longhorn beetle and its life history will monitor the work area to ensure verify the avoidance and minimization measures are implemented. The qualified RPF, biologist, or biological technician will have the authority to stop any treatment activities that could result in potential adverse effects to valley elderberry longhorn beetle.


If the project proponent cannot implement the measures above to avoid mortality, injury, or disturbance of VELB or degradation of occupied habitat such that its function would not be maintained, the project proponent will implement Mitigation Measure BIO-2c.


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Ground-Nesting Wildlife


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Burrowing or Denning Wildlife


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Insects and Other Terrestrial Invertebrates


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-2d: Implement Protective Measures for Valley Elderberry Longhorn Beetle (All Treatment Activities)


Mitigation Measure BIO-2e: Design Treatment to Retain Special-Status Butterfly Host Plants (All Treatment Activities)


If federally listed butterflies are identified as occurring or having potential to occur during review and surveys for SPR BIO-1 and confirmed during protocol-level surveys per SPR BIO-10, then the following measures will be implemented:


Treatment areas within the range of these species will be surveyed for the host plant for each species (Table 3.6-34). 


Host plants for federally listed butterflies within the occupied habitat will be marked with high-visibility flagging, fencing, or stakes, and no treatment activities will occur within 10 feet of these plants.


Because prescribed herbivory could result in the indiscriminate removal of the host plants for federally listed butterflies, this treatment type will not be used within occupied habitat of any federally listed butterfly species, unless it is known that the host plant is unpalatable to the herbivore.


Treatment areas that are not occupied but are within the range of the federally listed butterfly will be divided into as many treatment units as feasible such that the entirety of the habitat is not treated within the same year.


Treatments will be conducted in a patchy pattern to the extent feasible in areas that are not occupied but are within the range of the federally listed butterfly, such that the entirety of the habitat is not burned or removed and untreated portions of suitable habitat are retained.


If the project proponent cannot implement the measures above to avoid mortality, injury, or disturbance of federally listed butterflies or degradation of occupied habitat (host plants) such that its function would not be maintained, the project proponent will implement Mitigation Measure BIO-2c.


CESA and ESA Listed Species. A qualified RPF or biologist will determine if, after implementation of any feasible impact avoidance measures (potentially including others not listed above), the treatment will result in mortality, injury, or disturbance, or if after implementation of the treatment, habitat function will remain for the affected species. For species listed under CESA or ESA or that are fully protected, the qualified RPF or biologist will consult with CDFW and/or USFWS regarding this determination. If consultation determines that mortality, injury, or disturbance of listed butterflies or degradation of occupied habitat such that its function would not be maintained would occur, the project proponent will implement Mitigation Measure BIO-2c. 


Other Special-status Species. A qualified RPF or biologist with knowledge of the special-status species’ habitat and life history will review the treatment design and applicable impact minimization measures (potentially including others not listed above) to determine if the anticipated residual effects of the treatment would be significant under CEQA, because implementation of the treatment will not maintain habitat function of the special-status species’ habitat or because the loss of special-status individuals would substantially reduce the number or restrict the range of a special-status species. If the project proponent determines the impact on special-status butterflies would be less than significant, no further mitigation will be required. If the project proponent determines that the loss of special-status butterflies or degradation of occupied habitat would be significant under CEQA after implementing feasible treatment design alternatives and impact minimization measures, then Mitigation Measure BIO-2c will be implemented. 


The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or biologist that the special-status butterfly species would benefit from treatment in the occupied habitat area even though some may be killed, injured or disturbed during treatment activities. For a treatment to be considered beneficial to special-status butterfly species, the qualified RPF or biologist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the species (or similar species) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to special-status butterflies, no compensatory mitigation will be required. 


			SU











			[bookmark: _Toc24009448]Table ES-1	Summary of Impacts and Mitigation Measures





			Impacts


			Significance before Mitigation


			Mitigation Measures


			Significance after Mitigation





			NI = No impact	LTS = Less than significant	PS = Potentially significant	LTSM = Less than significant with Mitigation SU = Significant and unavoidable











			[bookmark: _Toc12020799][bookmark: _Toc12026037][bookmark: _Toc24009449]Table 3.6-34	Special-status Butterflies and Associated Host Plants





			Butterfly Species


			Host Plants





			bay checkerspot butterfly


			dwarf plantain (Plantago virginica), purple owl’s clover (Castilleja exserta)





			Behren’s silverspot butterfly


			blue violet (Viola adunca)





			callippe silverspot butterfly


			California golden violet (Viola pedunculata)





			Carson wandering skipper


			salt grass (Distichlis spicata)





			El Segundo blue butterfly


			seacliff buckwheat (Eriogonum parvifolium)





			Hermes copper butterfly


			spiny redberry (Rhamnus crocea)





			Kern primrose sphinx moth


			plains evening-primrose (Camissonia contorta), field primrose (Camissonia campestris)





			Laguna Mountains skipper


			Cleveland’s horkelia (Horkelia clevelandii), sticky cinquefoil (Drymocallis glandulosa)





			Lange’s metalmark butterfly


			naked-stemmed buckwheat (Eriogonum nudum)





			lotis blue butterfly


			seaside bird’s foot trefoil (Hosackia gracilis)





			Mission blue butterfly


			lupine (Lupinus spp.)





			Myrtle’s silverspot butterfly


			blue violet





			Oregon silverspot butterfly


			blue violet





			Palos Verdes blue butterfly


			Santa Barbara milkvetch (Astragalus trichopodus), common deerweed (Acmispon glaber)





			San Bruno elfin butterfly


			broadleaf stonecrop (Sedum spathulifolium), manzanita (Arctostaphylos spp.), huckleberry (Vaccinuum spp.)





			Smith’s blue butterfly


			seacliff buckwheat, seaside buckwheat (Eriogonum latifolium)





			Quino checkerspot butterfly


			dwarf plantain, purple owl’s clover











			[bookmark: _Toc12026038][bookmark: _Toc24009450]Table ES-1	Summary of Impacts and Mitigation Measures





			Impacts


			Significance before Mitigation


			Mitigation Measures


			Significance after Mitigation





			NI = No impact	LTS = Less than significant	PS = Potentially significant	LTSM = Less than significant with Mitigation SU = Significant and unavoidable





			


			


			Mitigation Measure BIO-2f: Avoid Habitat for Special-Status Beetles, Flies, Grasshoppers, and Snails (All Treatment Activities)


If treatment activities would occur within the limited range of any state or federally listed beetle, fly, grasshopper, or snail, and these species are identified as occurring or having potential to occur due to the presence of potentially suitable habitat during review and surveys for SPR BIO-1 and surveys for SPR BIO-10, then the following measures will be implemented:


To avoid and minimize impacts to Mount Hermon June beetle and Zayante band-winged grasshopper, treatment activities will not occur within ”Sandhills” habitat in Santa Cruz County, the only suitable habitat for these species.


To avoid and minimize impacts to Casey’s June beetle, Delhi Sands flower-loving fly (Rhaphiomidas terminates abdominalis), Delta green ground beetle (Elaphrus virisis), Morro shoulderband snail, Ohlone tiger beetle (Cicindela ohlone), and Trinity bristle snail, treatment activities will not occur within habitat in the range of these species that is deemed suitable by a qualified RPF or biologist with familiarity of the species. 


If the project proponent cannot implement the measures above to avoid mortality, injury or disturbance to listed beetles, flies, grasshoppers, and snails, or degradation of suitable habitat such that its function would not be maintained, the project proponent will implement Mitigation Measure BIO-2c.


Mitigation Measure BIO-2g: Design Treatment to Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Special-Status Bumble Bees (All Treatment Activities)


If special-status bumble bees are identified as occurring during review and surveys under SPR BIO-1 and confirmed during protocol-level surveys per SPR BIO-10, or if suitable habitat for special-status bumble bees is identified during review and surveys under SPR BIO-1 (e.g., wet meadow, forest meadow, riparian, grassland, or coastal scrub habitat containing sufficient floral resources within the range of the species), then the project proponent will implement the following measures, as feasible:


Prescribed burning within occupied or suitable habitat for special-status bumble bees will occur from October through February to avoid the bumble bee flight season.


Treatment areas in occupied or suitable habitat will be divided into a sufficient number of treatment units such that the entirety of the habitat is not treated within the same year; the objective of this measure is to provide refuge for special-status bumble bees during treatment activities and temporary retention of suitable floral resources proximate to the treatment area.


Treatments will be conducted in a patchy pattern to the extent feasible in occupied or suitable habitat, such that the entirety of the habitat is not burned or removed and untreated portions of occupied or suitable habitat are retained (e.g., fire breaks will be aligned to allow for areas of unburned floral resources for special-status bumble bees within the treatment area). 


Herbicides will not be applied to flowering native plants within occupied or suitable habitat to the extent feasible during the flight season (March through September).


CESA and ESA Listed Species. A qualified RPF or biologist will determine if, after implementation of feasible avoidance measures (potentially including others not listed above), the treatment will result in mortality, injury, or disturbance to the species, or if after implementation of the treatment, habitat function will remain for the affected species. For species listed under CESA or ESA or that are fully protected, the qualified RPF or biologist will consult with CDFW and/or USFWS regarding this determination. If consultation determines that mortality, injury, or disturbance of listed bumble bees (in the event the Candidate listing is confirmed) or degradation of occupied (or assumed to be occupied) habitat such that its function would not be maintained would occur, the project proponent will implement Mitigation Measure BIO-2c. 


Other Special-status Species. A qualified RPF or biologist with knowledge of the special-status species’ habitat and life history will review the treatment design and applicable impact minimization measures (potentially including others not listed above) to determine if the anticipated residual effects of the treatment would be significant under CEQA because implementation of the treatment will not maintain habitat function of the special-status species’ habitat or because the loss of special-status individuals would substantially reduce the number or restrict the range of a special-status species. If the project proponent determines the impact on special-status bumble bees would be less than significant, no further mitigation will be required. If the project proponent determines that the loss of special-status bumble bees or degradation of occupied (or assumed to be occupied) habitat would be significant under CEQA after implementing feasible treatment design alternatives and impact minimization measures, then Mitigation Measure BIO-2c will be implemented. 


The only exception to this mitigation approach is in cases where it is determined by a qualified RPF or biologist that the special-status bumble bee species would benefit from treatment in the occupied (or assumed to be occupied) habitat area even though some of the non-listed special-status bumble bees may be killed, injured, or disturbed during treatment activities. For a treatment to be considered beneficial to special-status bumble bee species, the qualified RPF or biologist will demonstrate with substantial evidence that habitat function is reasonably expected to improve with implementation of the treatment (e.g., by citing scientific studies demonstrating that the species (or similar species) has benefitted from increased sunlight due to canopy opening, eradication of invasive species, or otherwise reduced competition for resources), and the substantial evidence will be included in the PSA. If it is determined that treatment activities would be beneficial to special-status bumble bees, no compensatory mitigation will be required.


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			





			Bats


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Ungulates


			PS


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-2h: Avoid Potential Disease Transmission Between Domestic Livestock and Special-Status Ungulates (Prescribed Herbivory)


The project proponent will implement the following measure if treatment activities are planned within the range of desert bighorn sheep, peninsular bighorn sheep, Sierra Nevada bighorn sheep, or pronghorn: 


Prescribed herbivory activities will be prohibited within a 14-mile buffer around suitable habitat for any species of bighorn sheep within the range of these species consistent with the more stringent recommendations in the Recovery Plan for Sierra Nevada bighorn sheep (USFWS 2007).


Prescribed herbivory activities will be avoided within the range of pronghorn where feasible (where this range does not overlap with the range of any species of bighorn sheep).


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Fish and Aquatic Invertebrates


			LTS


(in rivers, streams, lakes)





PS


(in wetlands, vernal pools)


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


Mitigation Measure BIO-4: Avoid State and Federally Protected Wetlands


Impacts to wetlands will be avoided using the following measures:


[bookmark: _Hlk11078342]The qualified RPF or biologist will delineate the boundaries of federally protected wetlands according to methods established in the USACE wetlands delineation manual (Environmental Laboratory 1987) and the appropriate regional supplement for the ecoregion in which the treatment is being implemented.


The qualified RPF or biologist will delineate the boundaries of wetlands that may not meet the definition of waters of the United States, but would qualify as waters of the state, according to the state wetland procedures (California Water Boards 2019 or current procedures).


A qualified RPF or biologist will establish a buffer around wetlands and mark the buffer boundary with high-visibility flagging, fencing, stakes, or clear, existing landscape demarcations (e.g., edge of a roadway). The buffer will be a minimum width of 25 feet but may be larger if deemed necessary. The appropriate size and shape of the buffer zone will be determined in coordination with the qualified RPF or biologist and will depend on the type of wetland present (e.g., seasonal wetland, wet meadow, freshwater marsh, vernal pool), the timing of treatment (e.g., wet or dry time of year), whether any special-status species may occupy the wetland and the species’ vulnerability to the treatment activities, environmental conditions and terrain, and the treatment activity being implemented. 


A qualified RPF or biological technician will periodically inspect the materials demarcating the buffer to confirm that they are intact and visible, and wetland impacts are being avoided.


Within this buffer, herbicide application is prohibited.


Within this buffer, soil disturbance is prohibited. Accordingly, the following activities are not allowed within the buffer zone: mechanical treatments, prescribed herbivory, equipment and vehicle access or staging. 


Only prescribed (broadcast) burning may be implemented in wetland habitats if it is determined by a qualified RPF or biologist that:


No special-status species are present in the wetland habitat


The wetland habitat function would be maintained. 


The prescribed burn is within the normal fire return interval for the wetland vegetation types present


Fire containment lines and pile burning are prohibited within the buffer. 


No fire ignition (and associated use of accelerants) will occur within the wetland buffer.


			LTS


(in rivers, streams, lakes)





LTSM


(in wetlands, vernal pools)





			Amphibians and Reptiles


			LTS


(in rivers, streams, lakes)





PS


(in wetlands, vernal pools, associated riparian)


			Mitigation Measure BIO-2a: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Listed Wildlife Species and California Fully Protected Species (All Treatment Activities)


Mitigation Measure BIO-2b: Avoid Mortality, Injury, or Disturbance and Maintain Habitat Function for Other Special-Status Wildlife Species (All Treatment Activities)


Mitigation Measure BIO-2c: Compensate for Mortality, Injury, or Disturbance and Loss of Habitat Function for Special-Status Wildlife if Applicable (All Treatment Activities)


Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


Mitigation Measure BIO-4: Avoid State and Federally Protected Wetlands


			LTS


(in rivers, streams, lakes)





LTSM


(in wetlands, vernal pools, associated riparian)





			Impact BIO-3: Substantially Affect Riparian Habitat or Other Sensitive Natural Community Through Direct Loss or Degradation that Leads to Loss of Habitat Function


Vegetation treatment activities could result in loss or degradation of sensitive habitats, including designated sensitive natural communities, riparian habitats, and oak woodlands. Implementation of SPRs BIO-1, BIO-2, BIO-3, BIO-4, BIO-5, BIO-6, BIO-8, BIO-9, and HYD-4 require that potential sensitive natural communities and other sensitive habitats be identified and protected prior to implementing treatments. Implementation of SPR BIO-5 would avoid environmental effects of type conversion in chaparral and coastal sage scrub habitats. While SPRs would minimize impacts, treatment activities could still result in a loss of acreage of sensitive natural communities and habitats, eliminate sensitive natural communities or habitats from a treatment area, or reduce the habitat value or function of sensitive natural communities and habitats. Many riparian, chaparral, and coastal sage scrub habitats are also designated sensitive natural communities and are considered ESHAs in the coastal zone. Sensitive natural communities (vegetation alliances with state or global rarity ranks 1, 2, or 3) are also considered ESHAs in the coastal zone. Loss or degradation of sensitive natural communities and sensitive habitats would be a potentially significant impact.


			PS


			Mitigation Measure BIO-3a: Design Treatments to Avoid Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3b: Compensate for Loss of Sensitive Natural Communities and Oak Woodlands 


Mitigation Measure BIO-3c: Compensate for Unavoidable Loss of Riparian Habitat


			LTSM





			Impact BIO-4: Substantially Affect State or Federally Protected Wetlands


Treatment activities proposed under the CalVTP could occur on lands that contain state or federally protected wetlands; these activities could remove wetland vegetation and alter wetland hydrology or topography resulting in loss or degradation of wetland function. Implementation of SPRs BIO-1 and HYD-4 require that potential wetlands be identified and protected prior to implementing treatments. While implementation of SPRs would minimize impacts, treatment activities could inadvertently destroy or adversely modify protected wetlands resulting in loss of these resources. Additionally, prescribed burning would result in direct removal of wetland vegetation that could adversely modify wetland functions and reduce wetland values. If this occurred, it would be a potentially significant impact.


			PS


			Mitigation Measure BIO-4: Avoid State and Federally Protected Wetlands


			LTSM





			[bookmark: _Hlk25230693]Impact BIO-5: Interfere Substantially with Wildlife Movement Corridors or Impede Use of Nurseries


Vegetation treatment activities implemented under the CalVTP could be located in areas used as wildlife movement corridors or nurseries. Treatment-related noise and disturbance could lead to temporary changes in migration or movement patterns, and fencing for prescribed herbivory could potentially injure or impede moving wildlife. Wildlife nursery sites could be disturbed or essential nursery habitat components could be degraded by vegetation treatment activities. SPRs BIO-1, BIO-4, BIO-5, BIO-10, BIO-11, HYD-1, and HYD-4 require identification of nursery sites prior to treatment activities, actions to prevent degradation of aquatic and riparian corridors, and installation of wildlife-friendly fencing to avoid entanglement during wildlife movement. Temporary shifts in wildlife movements to avoid or navigate around active treatment sites and associated disturbances would not substantially interfere with movement requirements or migration patterns; and project implementation would not create long-term barriers to local or landscape-level movements. While implementation of SPRs would minimize impacts, nursery sites could still be removed, degraded, or disturbed during treatment activities. This would be a potentially significant impact.


			PS


			[bookmark: _Hlk25230710]Mitigation Measure BIO-5: Retain Nursery Habitat and Implement Buffers to Avoid Nursery Sites


The project proponent will implement the following measures while working in treatment areas that contain nursery sites identified in surveys conducted pursuant to SPR BIO-10:


Retain Known Nursery Sites. A qualified RPF or biologist will identify the important habitat features of the wildlife nursery and, prior to treatment activities, will mark these features for avoidance and retention during treatment.


Establish Avoidance Buffers. The project proponent will establish a non-disturbance buffer around the nursery site if activities are required while the nursery site is active/occupied. The appropriate size and shape of the buffer will be determined by a qualified RPF or biologist, based on potential effects of project-related habitat disturbance, noise, visual disturbance, and other factors. No treatment activity will commence within the buffer area until a qualified RPF or biologist confirms that the nursery site is no longer active/occupied. Monitoring of the effectiveness of the non-disturbance buffer around the nursery site by a qualified RPF, biologist, or biological technician during and after treatment activities will be required. If treatment activities cause agitated behavior of the individual(s), the buffer distance will be increased, or treatment activities modified until the agitated behavior stops. The qualified RPF, biologist, or biological technician will have the authority to stop any treatment activities that could result in potential adverse effects to special-status species.


			LTSM





			Impact BIO-6: Substantially Reduce Habitat or Abundance of Common Wildlife, Including Nesting Birds


Vegetation treatments conducted under the CalVTP would occur in habitats that support common native bird, mammal, reptile, amphibian, and invertebrate species. Treatment activities could disturb breeding; remove or damage active nests, dens, and other breeding sites; kill or injure individuals; and temporarily reduce breeding productivity of these species. Because treatments would be implemented within relatively small proportions of the extensive ranges of common species, and suitable habitat would remain available to these species across the broader landscape surrounding treatment areas, the magnitude of these potential losses would not substantially reduce the overall abundance of any common wildlife species. Additionally, implementation of SPRs BIO-1, BIO-2, BIO-3, BIO-4, and BIO-5 would limit the loss or degradation of some high-quality breeding habitats for special-status wildlife that would also benefit common species, and implementation of SPR BIO-12 would protect common nesting birds, including raptors. Therefore, treatment activities would not substantially reduce the population size of or availability of suitable breeding habitat for any common wildlife species, including nesting birds. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact BIO-7: Conflict with Local Policies or Ordinances Protecting Biological Resources


Vegetation treatment projects implemented under the CalVTP that are subject to local policies or ordinances would be required to comply with any applicable county, city, or other local policies, ordinances, and permitting procedures related to protection of biological resources. Additionally, SPR AD-3 (Consistency with Local Plans, Policies, and Ordinances) requires that the project proponent design and implement the treatment in a manner that is consistent with applicable local plans (e.g., general plans), policies, and ordinances to the extent the project is subject to them. Therefore, the CalVTP would result in no impact related to potential conflict with local policies or ordinances protecting biological resources.


			NI


			No mitigation is required.


			NI





			Impact BIO-8: Conflict with the Provisions of an Adopted Natural Community Conservation Plan, Habitat Conservation Plan, or Other Approved Habitat Plan


Several HCPs and NCCPs have been adopted or are being planned for areas within the treatable landscape. Consistency of discretionary projects with an adopted HCP, NCCP, or other conservation plan is a legal requirement; and, the design, approval, and permitting of vegetation treatment projects under the CalVTP within an area covered by an adopted conservation plan would comply with that requirement. Therefore, approved treatment activities would result in no impact related to potential conflict with the provisions of adopted HCPs, NCCPs, or other approved local, regional, or state habitat conservation plans.


			NI


			No mitigation is required.


			NI





			Geology, Soils, Paleontology, and Mineral Resources


			


			


			





			Impact GEO-1: Result in Substantial Erosion or Loss of Topsoil


Treatment activities implemented under the proposed CalVTP may involve the disturbance of soils as well as the reduction in vegetative cover, which has the potential to substantially increase rates of erosion and loss of topsoil. Mechanical treatments using heavy machinery are the most likely to cause soil disturbance which could lead to substantial erosion or loss of topsoil especially in areas of steep slopes. In general, it is highly likely that mechanical treatments (relative to other treatment activities) would be utilized for all treatment types in tree fuel types as well as for WUI fuel reduction treatments in shrub fuel types. Additionally, prescribed burning can increase risk of water repellency (Robichaud et al. 2010) and breakdown of soil structure, which can lead to significant increases in erosion. There is a high likelihood that prescribed burning would be utilized most for ecological restoration treatments in grass fuel types, a moderate likelihood it would be utilized to implement fuel break and ecological restoration treatments in tree fuel types, and a moderate likelihood it would be utilized for fuel break treatments in shrub fuel types. The CalVTP would reduce the amount of vegetation in all treated areas, which has the potential to expose soil to wind and water erosion. Implementation of SPRs GEO-1 through GEO-8 will avoid and minimize the risk of substantial erosion and loss of topsoil. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact GEO-2: Increase Risk of Landslide


Removal of vegetation during treatments activities implemented under the CalVTP could affect the root structure in treated areas such that the stability of slopes and soils could decrease, which would increase the risk of landslide. Additionally, by removing vegetation, the soil water content could increase due to lack of uptake and transpiration by the vegetation. Higher soil water content could potentially destabilize slopes and increase the risk of landslide. Landslide risk would increase in areas with steeper slopes and where previous landslide has occurred. Implementation of SPRs GEO-3, GEO-4, GEO-7, and GEO-8 would avoid or minimize the risk of landslide resulting from CalVTP treatments. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Greenhouse Gas Emissions


			


			


			





			Impact GHG-1: Conflict with Applicable Plan, Policy, or Regulation of an Agency Adopted for the Purpose of Reducing the Emissions of GHGs


The CalVTP would be consistent with applicable plans, policies, and regulations aimed at reducing GHG emissions, including California’s 2017 Climate Change Scoping Plan, the California Forest Carbon Plan, and Draft California 2030 Natural and Working Lands Climate Change Implementation Plan. The purpose of the CalVTP is to reduce wildfire risk, which is could reduce GHG emissions and increase carbon sequestration over the long term. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact GHG-2: Generate GHG Emissions through Treatment Activities


Direct GHG emissions from the proposed increase in annual treatment activities conducted under the CalVTP would be substantial, recognizing planned levels of treatment would increase from 33,000 acres to 250,000 acres per year. At the full target rate of 250,000 acres per year, GHG emissions from treatments would amount to an estimated 4.,051 MMTCO2e annually. Consistent with the goals of the proposed fuel treatments to decrease the occurrence of high-severity wildfires and increase the potential rates of carbon sequestration, implementation of the CalVTP could result in a cumulative net carbon benefit over the long term, which is the most relevant timeframe and global context of GHG-caused, climate change–related environmental effects. However, there is uncertainty in predicting future wildfire occurrence, emissions, and carbon sequestration rates, which are highly variable depending on many factors. Future wildfire intensities and carbon sequestration in treated areas are the subjects of continued scientific research and debate. To meet CEQA’s mandate of good faith disclosure and acknowledge potential future impacts in light of uncertainties, this GHG impact is classified as potentially significant, recognizing the reliability of estimates for direct GHG emissions and the uncertainty of the intended net carbon benefits of reduced wildfire intensity and increased carbon sequestration in treated areas.


			PS


			Mitigation Measure GHG-2. Implement GHG Emission Reduction Techniques During Prescribed Burns


When planning for and conducting a prescribed burn, project proponents implementing a prescribed burn will incorporate feasible methods for reducing GHG emissions, including the following, which are identified in the National Wildfire Coordinating Group Smoke Management Guide for Prescribed Fire (NWCG 2018):


reduce the total area burned by isolating and leaving large fuels (e.g., large logs, snags) unburned;


reduce the total area burned through mosaic burning;


burn when fuels have a higher fuel moisture content;


reduce fuel loading by removing fuels before ignition. Methods to remove fuels include mechanical treatments, manual treatments, prescribed herbivory, and biomass utilization; and


schedule burns before new fuels appear.


[bookmark: _Hlk20908177][bookmark: _Hlk20858992]As the science evolves, other feasible methods or technologies to sequester carbon could be incorporated, such as conservation burning, a technique for burning woody material that reduces the production of smoke particulates and carbon released into the atmosphere and generates more biochar. Biochar is produced from the material left over after the burn and spread with compost to increase soil organic matter and soil carbon sequestration. Technologies to reduce greenhouse gas emissions may also include portable units that perform gasification to produce electricity or pyrolysis that produces biooil that can be used as liquid fuel and/or syngas that can be used to generate electricity.


The project proponent will document in the Burn Plan required pursuant to SPR AQ-3 which methods for reducing GHG emissions can feasibly be integrated into the treatment design.


			SU





			Energy Resources


			


			


			





			Impact ENG-1: Result in Wasteful, Inefficient, or Unnecessary Consumption of Energy


Energy would be consumed under the proposed CalVTP in the form of fossil fuel (e.g., diesel and other petroleum fuels) combustion in the engines of vehicles and equipment, which would be used by workers accessing treatment areas and during implementation of treatment activities. Consistent with the CalVTP’s purpose of reducing wildfire risk and to the extent it would decrease intensity of wildfires, implementation of treatment activities would also reduce the intensity of fire response. With less intense wildfire response and its relatively inefficient consumption of energy, fuel and energy consumption for wildfire response would decrease, as well. Thus, impacts related to consumption of energy resources would be less than significant.


			LTS


			No mitigation is required.


			LTS





			[bookmark: _Hlk25230752]Hazardous Materials, Public Health and Safety


			


			


			





			[bookmark: _Hlk23775469]Impact HAZ-1: Create a Significant Health Hazard from the Use of Hazardous Materials Treatment activities proposed under the CalVTP would require the use of various types of equipment and vehicles, which need fuels, oils, and lubricants to operate. The use, transport, and disposal of these substances could result in an accidental upset or health hazard if released into the environment. SPR HAZ-1 would be implemented during treatment activities under the CalVTP; it requires that all equipment be properly maintained per manufacturer’s specifications, requires regular inspection of all equipment for leaks, and requires that any equipment found leaking is required to be promptly removed from a treatment site. This SPR would minimize leaks and the potential for resultant contamination to enter the environment. Furthermore, several federal and state laws regulate the use, transport, storage, and disposal of hazardous materials, including the HWCA, DTSC’s Unified Program, and OSHA and EPA regulations, which all project proponents would be required to comply with. Accelerants would be used to implement prescribed burns; however, fire ignition (including use of accelerants) would not occur in the protection zones for watercourses (SPR HYD-4); therefore, water quality would not be affected. Although implementation of the CalVTP would increase the pace and scale of treatments and thus increase the use of hazardous materials in the treatable landscape, no new or more severe significant hazards to the public would be created from implementation of the CalVTP. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact HAZ-2: Create a Significant Health Hazard from the Use of Herbicides


Herbicide application under the CalVTP would require increased transportation, use, storage, and disposal of various herbicides, which could result in risks related to human exposure when applied in areas in close proximity to the public. Under normal conditions, compliance with all laws, regulations, and herbicide label instructions, along with proper personal protective equipment (PPE), would prevent significant risks related to human exposure to herbicides. However, potentially adverse effects could occur if a large spill were to occur or should spraying from equipment on vehicles occur in close proximity to public areas. Several SPRs have been incorporated into the program to minimize the potential for significant health risks (SPR HAZ-5 through 9). These SPRs require project proponents to prepare a SPRP prior to beginning herbicide treatment activities to provide protection to onsite workers, the public, and the environment from accidental leaks or spills of herbicides, adjuvants, or other potential contaminants (SPR HAZ-5); comply with all herbicide application regulations to protect the safety of workers and the public during the transport, use, storage, and disposal of herbicides (SPR HAZ-6); triple rinse herbicide containers with clean water at an approved site and dispose of rinsate per 3 CCR Section 6684 and dispose of all herbicides following label requirements and waste disposal regulations to avoid direct contamination to a water body or watershed (SPR HAZ-7); employ techniques during herbicide application to minimize drift (SPR HAZ-8); and include signage indicating that herbicide application is occurring or has occurred where members of the public could be present within 500 feet of areas receiving herbicide treatments (SPR HAZ-9). Although implementation of the CalVTP would increase the pace and scale of treatments and thus increase the use of herbicides in the treatable landscape, no new or more severe significant hazards to the public would be created from implementation of the CalVTP. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			[bookmark: _Hlk25230888]Impact HAZ-3: Expose the Public or Environment to Significant Hazards from Disturbance to Known Hazardous Material Sites


Soil disturbance by mechanical treatments and prescribed burning have the potential to expose workers, the public, and the environment to risks associated with existing hazardous materials if present within treatment areas. Treatment activities would typically occur in undeveloped areas, which are unlikely to contain hazardous materials; however, there is a risk that contamination could exist. Disturbance of contaminated sites could result in the exposure of the public and environment to health hazards from existing hazardous materials. This impact is potentially significant.


			PS


			[bookmark: _Hlk25230919]Mitigation Measure HAZ-3: Identify and Avoid Known Hazardous Waste Sites


Prior to the start of vegetation treatment activities requiring soil disturbance (i.e., mechanical treatments) or prescribed burning, CAL FIRE and other project proponents will make reasonable efforts to check with the landowner or other entity with jurisdiction (e.g., California Department of Parks and Recreation) to determine if there are any sites known to have previously used, stored, or disposed of hazardous materials. If it is determined that hazardous materials sites could be located within the boundary of a treatment site, the project proponent will conduct a DTSC EnviroStor web search (https://www.envirostor.dtsc.ca.gov/public/) and consult DTSC’s Cortese List to identify any known contamination sites within the project site. If a proposed mechanical treatment or prescribed burn is located on a site included on the DTSC Cortese List as containing potential soil contamination that has not been cleaned up and deemed closed by DTSC, the area will be marked and no prescribed burning or soil disturbing treatment activities will occur within 100 feet of the site boundaries. If it is determined through coordination with landowners or after review of the Cortese List that no potential or known contamination is located on a project site, the project may proceed as planned.


			LTSM





			Hydrology and Water Quality 


			


			


			





			Impact HYD-1: Violate Water Quality Standards or Waste Discharge Requirements, Substantially Degrade Surface or Ground Water Quality, or Conflict with or Obstruct the Implementation of a Water Quality Control Plan Through the Implementation of Prescribed Burning


Implementation of the CalVTP includes prescribed broadcast burning and pile burning in tree, shrub, and grass fuel types across the state. Prescribed broadcast burning would include fire behavior modeling and burning would be conducted when fuel moisture and environmental conditions allow for effective fuel reduction while reducing the risk of high severity burns. The patchwork of low and moderate intensity fire in a prescribed burn would preserve vegetated islands to capture runoff and sediment and buffers would be preserved to act as buffers around watercourses. Compared to forested and grassland environments, prescribed fire in chaparral and shrublands is more likely to result in severe burns and increased sediment loading. However, the proposed program would utilize prescribed burning in these vegetation types only when it is consistent with the natural fire return interval or when the project proponent clearly demonstrates that habitat function would be protected. Because the CalVTP includes SPRs incorporating best management practices to protect water quality, the potential for prescribed burns implemented under the CalVTP to adversely affect water quality would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact HYD-2: Violate Water Quality Standards or Waste Discharge Requirements, Substantially Degrade Surface or Ground Water Quality, or Conflict with or Obstruct the Implementation of a Water Quality Control Plan Through the Implementation of Manual or Mechanical Treatment Activities


The proposed CalVTP includes manual and mechanical treatment activities to reduce wildfire risk within the treatable landscape. All qualifying manual and mechanical treatments implemented under the CalVTP would integrate SPRs into treatment design to protect watercourses, limit equipment use on wet soils or steep slopes, stabilize highly disturbed areas, prevent concentration of runoff in non-shaded fuel breaks, and prevent spill or leaks from equipment. Implementation of SPRs would avoid and minimize the risk of substantial degradation to surface or groundwater quality from manual or mechanical treatment activities; this impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact HYD-3: Violate Water Quality Standards or Waste Discharge Requirements, Substantially Degrade Surface or Ground Water Quality, or Conflict with or Obstruct the Implementation of a Water Quality Control Plan Through Prescribed Herbivory


The proposed program includes the use of prescribed herbivory to reduce fuels. Qualifying treatments under the proposed CalVTP would incorporate livestock management best practices in SPR HYD-3 which exclude grazing animals from sensitive areas, provide alternative water sources, and move animals when erosion is observed. For these reasons, the risk of substantial degradation to surface or groundwater quality from prescribed herbivory would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact HYD-4: Violate Water Quality Standards or Waste Discharge Requirements, Substantially Degrade Surface or Ground Water Quality, or Conflict with or Obstruct the Implementation of a Water Quality Control Plan Through the Ground Application of Herbicides


The CalVTP would ensure that herbicides are applied according to the manufacturer’s label directions and consistent with program SPRs which limit herbicide use in sensitive areas or under conditions that could lead to misapplication and require each project to be prepared to respond to a spill. Because qualifying projects would integrate these protective measures into treatment design, risk of substantial degradation to surface or groundwater quality from herbicide application would be avoided and minimized; this impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact HYD-5: Substantially Alter the Existing Drainage Pattern of a Treatment Site or Area


Treatments implemented under the CalVTP would include ground disturbing activities that could intersect existing drainage infrastructure at treatment sites. As discussed in Impacts HYD-1 through HYD-4, prescribed burning, prescribed herbivory, and most forms of mechanical vegetation removal would have minor effects on site drainage. Non-shaded fuel breaks constructed along roadways could intersect existing roadway drainage systems. SPR HYD-6 requires that all projects avoid disturbance of existing drainage systems and maintain pre-treatment drainage conditions. Therefore, qualifying treatments implemented under the CalVTP would not substantially alter the existing drainage pattern of a treatment site or area. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Land Use and Planning, Population and Housing


			


			


			





			Impact LU-1: Cause a Significant Environmental Impact Due to a Conflict with a Land Use Plan, Policy, or Regulation


The proposed CalVTP would implement vegetation treatment on lands owned and managed by various entities, including state agencies, private owners, special districts, non-profit organizations, cities, and counties. For projects on state lands, a land management agency would develop the project consistent with its land management plan. For projects subject to local plans, policies, or regulations, CAL FIRE would voluntarily seek to operate consistently with local governance to the extent feasible. In general, all project proponents will design and implement treatments in a manner that is consistent with applicable local plans (e.g., general plans), policies, and ordinances to the extent the project is subject to them, as required SPR AD-3. Treatment activities that would occur within the coastal zone would be required to comply with the California Coastal Act or a certified LCP (as applicable), including obtaining a coastal development permit, when necessary pursuant to the provisions of SPR AD-9. Furthermore, the environmental impacts of the proposed CalVTP are addressed throughout this PEIR and mitigation is identified to reduce significant effects, thereby avoiding a conflict with a land use plan, policy, or regulation that was adopted for the purpose of avoiding or mitigating an environmental effect. This impact would be less than significant. 


			LTS


			No mitigation is required.


			LTS





			Impact LU-2: Induce Substantial Unplanned Population Growth


The increase in the pace and scale of vegetation treatments under the proposed CalVTP would result in additional demand for employees to implement treatments across the state within and near the treatable landscape. Implementation of the proposed CalVTP would result in an average of approximately five additional employees within each CAL FIRE unit (21 units). Other state agencies, such as CSP and CDFW, could also generate demand for some additional employees, although at a lower rate than the employment increase anticipated for CAL FIRE. Other project proponents may employ or contract workers permanently or seasonally to perform treatments. The increase in employee demand would be spread throughout the state and there would not be any specific areas that would experience a substantial increase in demand for vegetation treatment employees. Thus, implementation of the proposed CalVTP would not induce substantial unplanned population growth in any one area to cause a need for new housing, roads, or infrastructure. This impact would be less than significant. 


			LTS


			No mitigation is required.


			LTS





			Noise


			


			


			





			Impact NOI-1: Result in a Substantial Short-Term Increase in Exterior Ambient Noise Levels During Treatment Implementation


Vegetation treatment activities implemented under the CalVTP would adhere to the SPRs that require consistency with local noise policies and ordinances to the extent the project is subject to them, limit vegetation treatment activities to daytime hours, ensure proper notification of nearby sensitive receptors, and locate treatment activities and staging areas away from sensitive receptors to minimize noise exposure. Additionally, any increase in noise exposure at nearby receptors would be temporary and periodic. Therefore, implementation of the CalVTP would not result in the exposure of noise-sensitive receptors to a substantial temporary increase in ambient noise levels. This impact would be less than significant. 


			LTS


			No mitigation is required.


			LTS





			Impact NOI-2: Result in a Substantial Short-Term Increase in Truck-Generated SENL’s During Treatment Activities


Because vegetation treatment activities under the CalVTP would be required to adhere to SPR NOI-1, which limits vegetation treatment activities to daytime hours, SENLs generated by associated haul truck trips would not have the potential to result in sleep disturbance during noise-sensitive evening and nighttime hours. For this reason, implementation of the CalVTP would not result in a substantial temporary increase in SENL’s during vegetation treatment activities. This impact would be less than significant. 


			LTS


			No mitigation is required.


			LTS





			Recreation


			


			


			





			Impact REC-1: Directly or Indirectly Disrupt Recreational Activities within Designated Recreation Areas 


Implementation of treatment activities within the treatable landscape could result in potential conflicts with recreationists and recreation areas. Conflicts include access restrictions or nuisance impacts during treatment activities including degradation of views, dust emissions, and increased traffic that disrupt the recreational experience. Implementation of SPRs would avoid and minimize disruptions to recreation. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Transportation


			


			


			





			Impact TRAN-1: Result in Temporary Traffic Operations Impacts by Conflicting with a Program, Plan, Ordinance, or Policy Addressing Roadway Facilities or Prolonged Road Closures


Vegetation treatments implemented under the CalVTP would adhere to the SPRs that require consistency with local traffic operations policies and standards to the extent the project is subject to them, and would require that a TMP be prepared to manage and minimize potential temporary traffic operations effects resulting from individual vegetation treatment projects. Additionally, effects related to traffic operations during vegetation treatments under the CalVTP would be localized and temporary. Therefore, temporary traffic operations impacts would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact TRAN-2: Substantially Increase Hazards due to a Design Feature or Incompatible Uses


Implementation of the CalVTP would not require the construction or alteration of any roadways, and qualifying vegetation treatment projects under the CalVTP would adhere to SPRs that manage and minimize potential hazards due to smoke generated during prescribe burns. The project proponent would prepare and implement a TMP to avoid and minimize temporary transportation impacts. Therefore, vegetation treatment activities would not substantially increase hazards due to a design feature or incompatible uses. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact TRAN-3: Result In a Net Increase in VMT for the Proposed CalVTP


Under the proposed CalVTP, the scale of treatment activities would substantially increase to achieve the annual treatment target of approximately 250,000 acres. With the increase in treatment acreage, the VMT generated by treatment activities in comparison to existing conditions would also increase because many more individual treatment projects would be implemented. A key goal of the CalVTP is to decrease the occurrence and severity of wildfires. Reduced occurrence and severity of wildfires would result in a reduction in response activity and trips, which would be reasonably expected to decrease in VMT over the long term, compared to conditions without the CalVTP. However, it is not feasible to predicting changes in wildfire occurrence and severity sufficiently to quantify potential changes in fire response VMT. Thus, to meet CEQA’s mandate of good faith disclosure and to not risk understating potential future impacts in light of the uncertainties, this PEIR classifies this impact as potentially significant, because VMT generated by vegetation treatments under the CalVTP would increase in comparison to existing conditions, notwithstanding the potential VMT-reducing effects of reduced wildfire response.


			PS


			Additional measures are not feasible. 


			SU





			Public Services, Utilities, and Service Systems


			


			


			





			Impact UTIL-1: Result in Physical Impacts Associated with Provision of Sufficient Water Supplies, Including Related Infrastructure Needs


Implementation of treatment activities within the treatable landscape would require on-site water supplies for fire suppression during prescribed burning activities and for dust control during vegetation removal within non-shaded fuel breaks. Water needed to implement treatments would be minimal. Also, treatment activities would occur over a large geographic area which would disperse pressure on local water providers. Therefore, the increase in demand for water attributable to implementation of the CalVTP would be negligible and would not discernably affect the availability of water supply. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact UTIL-2: Generate Solid Waste in Excess of State Standards or Exceed Local Infrastructure Capacity


The increase in pace and scale of vegetation treatments under the CalVTP would result in an associated increase in the volume of solid organic waste generated during treatment. The volume of biomass transported offsite to existing biomass power plants, wood product processing facilities, and/or composting facilities for processing would also increase. Although additional infrastructure for the processing of organic materials is expected to be developed in the near future in California in response to waste management statutes, expanded in-state market for wood products, and increasing demand for alternative energy sources, it is too speculative to assume that this growth would occur consistent with the increased pace and scale of vegetation treatments. Therefore, implementation of the CalVTP may generate solid organic waste in excess of infrastructure capacity. Thus, to meet CEQA’s mandate of good faith disclosure and to not risk understating potential future impacts in light of the uncertainties, this PEIR classifies this impact as potentially significant, notwithstanding the possibility that capacity could increase with the scale of treatments such that it would not be exceeded for most or all individual treatments.


			PS


			Additional measures are not feasible.


			SU





			Impact UTIL-3: Comply with Federal, State, and Local Management and Reduction Goals, Statutes, and Regulations Related to Solid Waste


Implementation of the CalVTP would divert solid organic waste generated from treatment activities from solid waste facilities to biomass power plant, wood product processing facility, and/or composting for processing. This would decrease the amount of waste transported to solid waste facilities consistent with AB 939 and SB 1383. Therefore, the impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			WildlifeWildfire


			


			


			





			Impact WIL-1: Substantially Exacerbate Fire Risk and Expose People to Uncontrolled Spread of a Wildfire


Vegetation treatment activities under the CalVTP could result in temporary risks associated with uncontrolled fire from prescribed burning, as well as from the use of vehicles and heavy machinery in the treatable landscape as each can increase the risk of an accidental wildfire ignition. However, several SPRs would be implemented to reduce the risk of uncontrolled spread of fire from treatment activities. Machine-powered hand tools would have federal- or state-approved spark arrestors (SPR HAZ-2); vegetation treatment crews would carry one fire extinguisher per chainsaw and one long-handle shovel and one axe or pulaski (SPR HAZ-3); and smoking would only be permitted in designated smoking areas with barren or cleared mineral soil to at least 3 feet in diameter (SPR HAZ-4). In addition, given the extensive preparation and planning prior to a prescribed burn (e.g., preparation of a SMP and Burn Plan), active monitoring and maintenance during a prescribed burn, and implementation of stringent safety protocols, prescription burning would not substantially exacerbate fire risk that could result in the uncontrolled spread of wildfire. Furthermore, one of the main objectives of the proposed CalVTP is reduce the frequency and severity of future uncontrolled wildfire. This impact would be less than significant.


			LTS


			No mitigation is required.


			LTS





			Impact WIL-2: Expose People or Structures to Substantial Risks Related to Post-Fire Flooding or Landslides


The proposed CalVTP does not include new housing nor would it result in substantial unplanned population growth. Therefore, it would not place people or structures in an area with risks related to post-wildfire flooding or landslides. Prescribed burning implemented under the proposed CalVTP would be low severity and typically retain substantial vegetation, thereby maintaining stability of the soil. In addition, SPRs GEO-3, GEO-4, GEO-5,  GEO-8, and SPR AQ-3 would be incorporated into qualifying projects under the CalVTP to stabilize disturbed soils from treatments to minimize erosion (SPR GEO-3), inspect treatment areas for evidence of erosion after prior to the rainy season and following the first  large rainfall event (SPR GEO-4), drain stormwater via water breaks to reduce stormwater runoff (SPR GEO-5), minimize soil burn severity during prescribed burns which would help to retain vegetation to stabilize the soil (SPR AQ-3), and require that a registered professional forester or licensed geologist evaluate treatment areas for potential issues with instability and modify treatments to account for instability issues (SPR GEO-8). Therefore, prescribed burning under the CalVTP would not expose people or structures to substantial risks from post-prescribed burning landslides or flooding. Furthermore, one of the primary purposes of the CalVTP is to reduce the frequency and severity of wildfire. Therefore, the intended wildfire risk reduction achieved with implementation of the CalVTP could also result in a reduction in the associated post-wildfire risk of landslides and flooding. The impact would be less than significant.


			LTS


			No mitigation is required.


			LTS
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a b s t r a c t 



Glyphosate is an extensively used herbicide globally. Its use dates back to 1970s with increasing numbers over 
the years. It is an effective weed killer but since it parallelly destroys non-target crops, its use during initial days 
was restricted. To overcome this, genetically engineered [GE] varieties of many crops entered the market. This 
led to a significant increase in usage of glyphosate.Over years of extensive usage, many issues related to toxicity, 
carcinogenicity and GE varieties cropped up. Many researchers studied the toxicological characteristics, health 
impacts, environmental exposures and ecological impacts of glyphosate and Glyphosate-based herbicides. Many 
international agencies assessed its carcinogenic potential and grouped and regrouped it based on conclusions of 
various studies. As an outcome of many studies, an important aspect of toxicity of adjuvants used for technical 
formulations of glyphosate surfaced and gave a better understanding of its overall toxicity.This review summarizes 
glyphosate history, global use and hazards related to glyphosate and its technical formulations. It also briefs 
important studies on Environmental and human health exposures and its impact. Environmental contamination 
due to glyphosate is studied in detail for water and soil matrices besides its presence in food commodities. 
Impact of glyphosate on ecosystem, human and animal health has also been detailed. Studies highlighting and 
inferring the carcinogenic potential of glyphosate are also summed up finally linking the use of glyphosate with 
the sustainable development goals [SDGs]. The overall conclusions of the review give an insight into the gaps 
in the current studies particularly mentioning the important role of adjuvants used in technical formulations 
of pesticides which may go unnoticed for risk assessment studies. Considering the extensive global usage of 
glyphosate, it is of utmost importance to design toxicological studies and include glyphosate and related adjuvants 
in the routine monitoring programs of countries. This will help understand the risks and need to restrict or ban the 
use of glyphosate. Some important inclusions of disclosing toxicity of active as well as other [inert] ingredients/co- 
formulants on labels should be a mandatory part of pesticide registration. 
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. Glyphosate history and global use 



In this era of weed management, none other herbicide has influ-
nced the industry and been more prominent than glyphosate ( Duke and
owles, 2008 ). Its historical impact and subsequent genetically modi-
ed crops have dramatically changed the scenario of modern farming
 Duke and Powles, 2009 ). Structurally it is a phosphonomethyl deriva-
ive of glycine [amino acid], which was discovered in the year 1950 by a
wiss researcher, Henri Martin, working in the pharmaceutical company
ilag ( Franz et al., 1997 ). After ten years, the accession of the company
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as passed on to the laboratory research chemicals distributor, Aldrich
hemical Co., ( Székács and Darvas, 2012 ). Dr. John Franz, a chemist



rom Monsanto recognized the herbicidal potential of glyphosate in the
ear 1970 and composed an end-use product named "Roundup". It was
rst sold by Monsanto in 1974 ( Duke and Powles, 2008 ). This com-
any later on extended the study of Glyphosate concerning their herbi-
idal activity, and so its potential against ceaseless weeds was perceived
 Dill et al., 2010 ). 



From its commencement in the 1974, glyphosate acquired a superior
osition in the pesticide merchandise. Because of glyphosate’s mode of
ction, quick translocation, and the inability of plants to detoxify the
erbicide, it became highly effective and the first preference of many
gricultural producers ( Shaner, 2006 ). The supposed mode of action of
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Table 1 



Annual global production volume of glyphosate [2008–2012] ( Dill et al., 2010 ; 
CCM International, 2011 ; Hilton, 2012 ; Transparency Market Research, 2014 ). 



2008 2011 2012 



Glyphosate Production 



volume (in tonnes) 



600 000 650 000 720 000 
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Fig. 1. Chemical structure of glyphosate. 
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lyphosate in plants is the destruction of the shikimate pathway by in-
ibition of 5-endopyruvyl-shikimate-3-phosphate synthase (EPSPS) en-
yme. This affects the production of vital aromatic amino acids (phenyl
mine, tyrosine and tryptophan) ( Matozzo et al., 2020 ). The entire
rocess results in the hampering of protein synthesis and growth and
ltimately leads to cellular disarray and death ( Salisbury and Ross,
994 ). 



Despite the edge, the amount of glyphosate sold was limited because
t could only be sprayed where farmers wanted to destroy whole veg-
tation [for example, between the rows in industrial yards, orchards
nd viticulture etc.]. In 1996, herbicide-tolerant [HT], genetically en-
ineered [GE], and “Roundup Ready ” [RR], varieties of cotton, soy-
ean and maize, were given consent for sowing in the United States.
his technological advancement made it feasible to use glyphosate
s a post-emergence herbicide and lead to a significant increase in
he time span for which glyphosate-based herbicides could be used
 Benbrook, 2016 ). In 2000, a great change came about when Monsanto’s
atent on glyphosate ended and the number of firms manufacturing
lyphosate extended from one to thirty ( Perry et al., 2019 ). 



Manufacturing and utilization of glyphosate have risen significantly
ue to the termination of patent protection and launching of genetically
odified glyphosate-tolerant[GT] crop varieties in 1996 ( Székács and
arvas, 2012 ). In 2007, the USA(United States of America) used more



han 80,000 tonnes of glyphosate ( EPA, 1997 ; EPA, 2011 ). This was
omparable to that in Asia, which shared for around 30% of world’s
lyphosate demand in 2012 ( Transparency Market Research, 2014 ). In
ndia, 308 tonnes of glyphosate was produced in 2003–2004, which
aised to 2100 tonnes in around 2007–2008 (Ministry of Chemicals and
ertilizers, 2008). Glyphosate got certified in around 130 countries until
010 and was proclaimed to be the most profoundly used herbicide in
he world ( Dill et al., 2010 ). Annual global production of glyphosate is in
ncreasing trend as can be seen in Table 1 . Global agricultural and non-
gricultural use of glyphosate is detailed in Table 2 ( Benbrook, 2016 ). 



In addition to its prowess as an effective farming tool, glyphosate has
ong been considered the safest herbicide in the market as well. In the
nitial years, Roundup was contemplated to be less toxic to humans, as
here had been very little evidence of carcinogenicity or Genotoxicity in
ammals ( DeRoos et al., 2005 ). The use of glyphosate and its derivatives



s herbicides since its introduction in USA 1974 has increased vastly
ith the assumption that it has negligible side effects to mammals. 



However, increased use and excessive dosage have increased con-
erns regarding its effects on human health and the environment.
ncreasingly, significant evidence shows that glyphosate herbicides
ay indeed affect health, stimulating the need for more surveillance



 Benachour and Seralini, 2009 ). A report of World Health Organization
WHO) in 2015 reclassified glyphosate as probably carcinogenic. Thus,
t is important to study the potential hazards of glyphosate, acknowledge


Table 2 



Worldwide agricultural and non-agricultural utiliza
from Benbrook, 2016 ). 



Yearly Data (in tonnes) 



1995 2000 200



Glyphosate use 67,078 193,485 402



Agricultural 51,078 155,367 339



Non-Agricultural 16,000 38,118 62,



2 


he pertinence of public concern, and thoughtfully stabilize the concern
gainst agricultural advantages. 



Previous studies and research were assessed in mammals by health
uthorities such as the U.S. Environmental Protection Agency [EPA] and
hey found that there is no indication that glyphosate is toxic to the ner-
ous, immune and reproductive system ( Henderson et al., 2010 ). Many
ontradicting reports exist for glyphosate in the literature as detailed
n the upcoming sections, which makes it a suitable candidate for un-
erstanding the associated risk based on its hazard potential, toxicity,
xposure and environmental and food chain pathways. 



In the present review, we will focus on understanding and detail-
ng the parameters which will help us evaluate the hazard and extent
f exposure of glyphosate and understand the nature of risk associated
ith the chemical not only on human beings but also on animal and



nvironmental health. 



. Hazards related to glyphosate 



The hazard of the chemical can be primarily evaluated by studying its
hemical properties, toxicity and other characteristics which may help
o determine its severity of the exposure. 



.1. Chemical properties 



Glyphosate is an amphoteric compound which contains a basic 2°
mino group in the centre of the molecule with dibasic-phosphonic and
onobasic-carboxylic acidic sites at the two ends ( Knuuttila and Knu-
ttila, 1979 ). Its molecular structure is unique amongst the different
erbicides, as it has linear carbon chain with a weaker bond as given
n Fig. 1 , in comparison to other 95 % herbicides which have aromatic
ing structure ( NCBI, 2020 ). This makes glyphosate, presumably, less
ersistent in the environment. 



For commercial use, herbicides containing glyphosate are produced
n the form of salts soluble in liquid solutions and granular formulation
ith the blend of additives, inert ingredients and surfactants. Though



hese formulations enhance its uptake in plants and increase its water
olubility, it contributes significantly towards the toxicity of the herbi-
ide. The commercial herbicides contain glyphosate in the range of 0.96
o 94 w/w% ( NPIRS, 2017 and PAN, 2016 ). For example, Roundup, a
ommon herbicide used contains glyphosate in the range of 0.96 to as
uch as 71 w/w% ( NPIRS, 2017 and PAN, 2016 ). 


tion of glyphosate [1995 to 2014] (Adapted 



5 2010 2012 2014 



,350 652,486 718,600 825,804 



,790 578,124 648,638 746,580 



560 74,362 69,962 79,224 
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.2. Glyphosate. Toxicity 



Toxicity is generally classified into two types. Acute toxicity refers
o the hazard associated with exposure of a chemical due to inhalation,
ermal and oral exposure during spraying of chemicals. Chronic toxicity
efers to the continuous ingestion of small amounts of chemicals in diets
nd hazard associated with it ( Wallace et al., 2010 ). 



For glyphosate, in the context of mammalian toxicity, the acute LD 50 
Lethal dose, 50%) comes around 5037 mg kg − 1 and according to EPA
egistration, any herbicide having LD 50 more than 5000 mg kg − 1 will fall
n Category IV having least acute toxicity. The LD 50 values of glyphosate
re just at the borderline of the Category IV chemicals ( Kniss et al.,
017 ). 



.3. Glyphosate co-formulants 



An important aspect of glyphosate toxicity is due to its formulations.
he Glyphosate based herbicides containing formulations and surfac-
ants makes it difficult to establish toxicity due to glyphosate only, as
hese components contribute to the overall toxicity ( Bradberry et al.,
004 ). Experimental studies have shown that the toxicity of poly-
xyethyleneamine [POEA], a surfactant used in herbicide formulation,
lone has a higher toxicity than glyphosate and its commercial formula-
ion. Similar results of higher toxicity can also be found in herbicides of
lyphosate ammonium whose poly[oxyethylene, oxypropylene]glycol
lock copolymer surfactant has a higher toxicity than the solvent itself
 Song et al., 2012 ). If we compare it with Fosetyl-aluminium and glu-
osinate herbicide, the surfactant sodium lauryl ether sulfate and poly-
xyethylene lauryl ether respectively used, have relatively mild toxic-
ty( Song et al., 2012 ). 



Exclusive studies have been done to evaluate the toxicity associated
ith POEA. The results suggest that technical formulations containing
OEA and the surfactant POEA are more toxic than pure glyphosate and
nhibit fecundity in Drosophila by impairing cell viability through en-
anced apoptosis ( Bednář ová et al., 2020 ), POE-15 was one of the most
oxic principle against human cells and at environmental doses between
 and 3 ppm, gave negative dose-dependant effects on cellular respi-
ation and membrane integrity ( Mesnage et al., 2013 ). Nerozzi et al.,
2020) carried out a study on the effect of glyphosate and Roundup on
ig model, concluding that Roundup was found to be more toxic than
ts main component, glyphosate. 



In a experiment conducted by Guilherme and coworkers, they es-
imated the respective contribution of the ingredient (glyphosate) and
he surfactant (polyethoxylated amine; POEA) for genotoxicity of the
ommercial formulation on Anguilla anguilla. The fishes were subjected
o equal amount of glyphosate (17.9, 35.7 microg L − 1 ), POEA (9.3,
8.6 micro g L − 1 ) and Roundup (58, 116 microg L − 1 ) for first and
hird day. The findings demonstrated, Roundup’s genotoxicity while also
howing the genotoxicity of glyphosate and POEA independently. While
oth constituent linked to the pesticide formulation’s average genotox-
city, the measure of their individual effects was never observed, in-
icating an antagonistic relationship. Furthermore, when compared to
lyphosate and the commercial mixture, POEA caused more DNA dam-
ge ( Guilherme et al., 2012 ).Further, toxicological dose indicators of
lyphosate-based herbicides (GBH), co-formulants and glyphosate have
een discussed in section-impact of coformulants ( Table 6 ). 



. Glyphosate exposure 



An important aspect of risk assessment is the exposure to the chemi-
al. A chemical could be highly toxic and persistent but, if the exposure
o the chemical is prevented, it may not pose risk except for accidental
eleases. Exposure assessment includes identification of possible sources
nd pathways of exposure along with their estimation or measurement.
or glyphosate, the exposure can be categorised into human and animal


3 


xposure and environmental exposure. Identifying the exposure at these
evels would help us understand the risks in all these categories. 



.1. Human and animal exposure 



Glyphosate uptake may occur from the skin, concerning workplace
se and ingestion of contaminated products. Although assuming 100
ercent average concentration consumption, it is necessary to recognize
hat air penetration is around five times smaller than the appropriate
ystemic regular intake recommended by the European Food Safety Au-
hority ( EFSA, 2015 ; Chang et al. , 2011 ; Williams et al. , 2016 ). This
an be understood by identifying occupational and indirect or mediated
xposure from various sources. 



Occupational exposure to glyphosate includes the use of the chemi-
al in spraying, handling, manufacturing, etc. It will also include direct
neighbourhood exposure" which can be defined as not using the chemi-
al directly but coming in contact directly with it due to its use or release
n the vicinity. In the case of occupational exposure, characteristics like
cute toxicity would be very important. Also, the acute toxicity of the
o-formulants added along with glyphosate needs to be considered. 



Indirect exposure of glyphosate includes exposure through con-
umption of food and water containing residues of glyphosate. In the
ase of indirect exposure, it is important to know the transformation
n the parent compound during food processing or chemical trans-
ormations in water, etc. The toxicity of transformation products like
MPA[Aminomethylphosphonic acid] needs to be assessed. In this case,



t is also important to know the persistence in different food com-
odities. The indirect exposure also includes environmental exposure



hrough the residues or transformation products of glyphosate in vari-
us environmental matrices like air, water and soil. 



Exposure to a large number of population is expected in case of those
iving around the agricultural areas, farms and manufacturing and pro-
essing plants of glyphosate. In agricultural areas and farms, farmers and
ardeners can be exposed to glyphosate via inhalation, dermal contact
nd/or ocular contact while using glyphosate. 



Glyphosate has not been detected in breast milk of lactating moth-
rs who had glyphosate residue in their urine sample ( McGuire et al.,
016 ). The presence of residue chemicals of glyphosate in consumer
roducts, crops, foliage, or soils and their dermal contact or their inges-
ion amongst people may lead to exposure in the general population.
opulation that is at high risk of exposure includes agricultural work-
rs and people in immediate vicinity. However, poplulation not in the
mmediate vicinity is exposed to lower levels of residues via water and
ood if it contains glyphosate residues ( WHO, 2016 ). Some of the studies
n human and animal health impacts are detailed in Table 3 . 



.2. Environmental exposure 



Production and increased use of glyphosate have lead to its direct
elease in the environment. In various studies, it has been reported that
here is low bio accumulation of glyphosate in the environment as the
hemicals are easily degraded by microbial processes and are inacti-
ated by adsorption into the soil ( Shushkova et al., 2010 ; Smith and
ehme, 1992 ). Due to use in aquatic environments, some trace amount
an be found while due to its low vapour pressure [ranging from
.84 × 10 − 7 mm Hg to 6.75 × 10 − 8 mm Hg at 298 K] and ionic nature
ts presence due to evaporation is negligible ( Smith and Oehme, 1992 ).
ts presence in the air can be described due to the spray application and
eteorological conditions which can affect the other non-target plants.



 Kniss, 2017 ). 



. Environmental contamination and threats 



Glyphosate has been detected in soil, crop products, crop-fed an-
mals, humans, freshwater and organisms living there ( Perez et al.,
011 ). Some results indicate that glyphosate and its derivatives can
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Table 3 



Impacts associated with the exposure of glyphosate on human/animal health. 



S.No Subject Impact References 



1 Human Glyphosate was significantly associated with atopic asthma Hoppin et al., 2008 



2 Hypotension, hyperkaliemia coma, renal and respiratory 



dysfunction were the most common symptoms of toxicity. 



Neurotoxic impact or/and ischaemia, especially in marked 



hypotension incidents through haemodialysis 



Potrebi ć et al., 2009 and 



references mentioned in 



Agostini, 2020 ) 



3 Respiratory dysfunction, metabolic acidosis, tachycardia, 



enhanced creatinine and hyperkalemia are weak prognostic 



indicators when present 



Chang and Chang, 2009 



4 Shows DNA damage effect at high or toxic dose levels but it’s 



due to cytotoxicity rather than genotoxicity. 



Kier and Kirkland, 2013 



5 Risk of ASD with intellectual disability, autism spectrum 



disorder (ASD) 



Von Ehrenstein et al., 2019 



6 Southwestern Australian 



Frogs 



No mortality observed after treated with glyphosate Mann and Bidwell, 1999 



7 Rats and mouse The study concluded that glyphosate is non carcinogenic Greim et al., 2015 



8 Mice Neurobehavioral changes that stem from the impairment of 



neuronal developmental processes when subjected to 



glyphosate 



Ait Bali et al., 2017 



9 Cattles and goats Gastrointestinal and neurological signs; the kidneys and 



gastrointestinal tract (mucosal irritation) were identified as 



target organs in ruminants when exposed to glyphosate 



EFSA (European Food 



Safety Authority), 2018 



10 Danish pigs Decrease in piglet survival rate, Malformations in newborn 



piglets after exposure to Roundup (glyphosate) 



11 Cross-bred swine No health effects observed after exposure to Roundup 



(glyphosate) 



12 Pregnant mice ovarium Pure glyphosate or Roundup caused histopathological 



alteration in ovary, hormonal imbalances and oxidative 



stress in pregnant mice, interfered expression of 



steroidogenesis 



Ren et al., 2018 
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lso spread through water and wind erosion of soil ( Silva et al., 2018 ).
races of glyphosate have also been detected in dust in non-agricultural
omes, indicating that glyphosate exposure is beyond occupational
 Curwin et al., 2005 ). Once glyphosate is degraded in the environment it
esults in the formation of AMPA and carbon dioxide and decreases the
H of water ( Meyer et al., 2009 ). Usually, the environmental persistence
f glyphosate ranges from 4 to 180 days, rendering it a highly pollut-
ng source for soil and possibly even for groundwater ( Borggaard and
imsing, 2008 ; Vereecken, 2005 ). 



Many experimental studies have shown that the plants over which
lyphosate is sprayed take up more than 45 percent of the glyphosate
dded to the soil ( Samsel and Seneff, 2013 ). The physical methods of re-
oving glyphosate from the environment are very restricted. Microbial
eterioration can substantially remove glyphosate from the soil which
s dependant on the availability of oxygen and can differ considerably
ased on the soil’s properties and the range of pH at which reaction
ay occur ( Williams et al., 2000 ). Several authors have reported that



he glyphosate’s half-life in the soil is around 47 days [which can range
rom 2 to approximately 200 days based on the form of soil and varied
ccording to environmental circumstances]( GMO, 2013 ; Székács and
arvas, 2012 ; Borggaard and Gimsing, 2008 ; Vereecken, 2005 ). The
aximum level of AMPA found in soils is approximately 20% of the



lyphosate added under aerobic circumstances and 0.5% under anaer-
bic circumstances ( Torreta et al., 2018 ). Some studies have also indi-
ated the presence of the adjuvants like POEA in soil and sediment beds
ue to its high binding capacity( Tush and Meyer, 2016 ; Tush et al.,
018 ). 



In interaction with water, glyphosate rapidly converts into its pri-
ary metabolite, i.e., AMPA, that holds most of its precursor’s harm-



ul properties and becomes far more persistent, such that its half-life
asts between 76 and 240 days ( Vereecken, 2005 ). The period taken
o degrade 50% glyphosate existing in water, measured in the labo-
atory, is less than 14 days in aerobic environments and around 14–
2 days in anaerobic environments( Williams et al., 2000 ). While in
ater, an oxidation process takes approximately 28 days to remove
0% of glyphosate present, particularly depending on the form of light
adiation ( Samsel and Seneff, 2013 ).The rate of degradation in wa-
er is substantially slower than in other soils owing to less water-
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orne microorganisms than in soils ( Tu et al., 2001 and references
herein). 



Glyphosate, as stated in the usage guidelines and the harmful clauses
entioned in the health data sheet ( P273- Safety data sheet 2014 ) and



 H411-Safety data sheet 2007 ), should not be released in the environ-
ent since it is harmful to marine organisms, with long-term impact



 Sikorski et al., 2019 ) studied the effect of glyphosate addition on plant
issues of Lemna minor (common duckweed) which resulted in reduced
ield and growth, prevents the synthesis of carotenoids and chlorophyll
 and b, and declines the photosystem II photochemical functions. 



Fig. 2 explains the pathways of environmental contamination of
lyphosate. 



.1. Glyphosate contamination in soil 



Glyphosate has a high potential for soil adsorption which restricts
ts environmental movement. Glyphosate’s typical half-life in soil is 47
ays ( Tu et al., 2001 and references therein). Slow degradation of AMPA
nd a half-life reaching to more than 300 to 428 days is also observed
 Borggard et al., 2008 ). Some field experiments suggest ( Szekacs and
arvas, 2012 ) that glyphosate’s half-life ranges from some days to a
ear in some cases, it persists over the winters in a colder climate where
he soil is frozen seasonally( Laitinen et.al., 2006 ). 



Glyphosate is water–soluble but it can also be attached to soil par-
icles under certain conditions (Shushkova et al., 2009), specifically in
lays. So that it may wipe out of sandy soil easily or persist in soils with
arge clay content ( Bergström et al., 2011 ). Even though connected to
oil particles, this may later degrade back through soil and water in the
orm of phosphates (Simonsen et al., 2008). Glyphosate could also de-
elop complexes with metal ions ( Eker et al., 2006 ), possibly impacting
he nutrient supply of soil. The hazard of the environment getting pol-
uted is determined by how effectively the compound is absorbed into
he soil and by the leaching of compounds from the soil into the wa-
er. Studies have stated that the sorption capacity of glyphosate is quite
igher than that of other pesticides which reduce the risk of leaching
 Hagner et al., 2015 ). Some studies indicate that the noted alterations in
he compositions of soil ecosystem are due to application of glyphosate
 Kremer and Means, 2009 ). 
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Fig. 2. Environmental contamination of glyphosate 
G: Glyphosate, M: Metal ion, GBH: Glyphosate Based Herbicide, POEA: Polyoxyethyleneamine, AMPA: Aminomethylphosphonic acid. 
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Though some soil micro-organisms can utilize glyphosate as an en-
rgy source and nutrients, raising their population numbers, it may also
e harmful to certain species ( Haney et al., 2000 ; Wardle and Parkin-
on, 1990 ). In soils treated with glyphosate ( Zobiole et al., 2011 ), an
psurge in the population of certain fungal species which trigger dis-
ases in the plant, has been observed. Kuklinsky-Sobral et al., (2005) re-
orted glyphosate’s interferance with endophytic bacterial community’s
quilibrium, which is beneficial for plant growth. Thus, glyphosate exis-
ence in the soil may alter the equilibrium of bacteria and fungi, thereby
odifying the functions of soil ecosystems and plant health. Argentine



cientists have found in laboratory studies that glyphosate based her-
icides, may even be harmful to earthworms, causing harm to cells
nd DNA at rates "similar to the applied environmental concentrations"
 Piola et al., 2013 ). In related research, earthworms were noticed to
esist soils treated with glyphosate, the growing levels of certain earth-
orms were decreased by the usage of herbicides containing glyphosate
nd the cocoons hatching was postponed ( Casabé et al., 2007 ). 



Considering its extensive usage in forestry, there have been lim-
ted reports of the impact of glyphosate on forest soils, but it has been
bserved to persist for 360 days at 16–18 percent during initial lev-
ls ( Feng and Thompson, 1990 ) in the upper organic layers of forest
oil showing the capacity for everlasting effects. It is also possible that
lyphosate addition to natural environments may reduce the nitrogen
xation ( Kremer and Means, 2009 ) found in glyphosate-resistant soya
rops. 



Hagner et al., (2019) observed that destroying plants by hoeing had
ronounced impacts on soil fauna, growing and separating these con-
equences from direct effects of glyphosate is critically important when
etermining the hazards of glyphosate in soils. According to the author’s
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pinion, Roundup’s impact on soil fauna were comparatively minimal
nd temporary, no traces of glyphosate were detected in the soil during
he closure of the experiment. 



.2. Glyphosate contamination in water 



Glyphosate transforms into AMPA as soon as it comes into contact
ith water while maintaining toxic aspects of its precursor. This even
akes it more lasting with 76 to 240 days of half-life ( Vereecken, 2005 ).
ecause of overspray application on fields or spray drifts glyphosate
ould even reach the surface and groundwater mostly through runoff
 Ruiz-Toledo et al., 2014 ) . Hence, a trace amount of the herbicide
lyphosate could be found in a significant percentage in water samples.



Glyphosate can interfere with water-soluble organic matter, clay
articles, and colloidal iron oxides. This connection could there-
ore contribute to colloidal associated transportation of glyphosate
 Vereecken, 2005 ). Various concentrations of the residues were found
n ground and surface waters. Usually, groundwater has been utilized
s the essential source of drinking water supply. There are several re-
orts which suggest that the water supplies in areas having intensive
gricultural activities might be at high risk of glyphosate contamination
 Cengiz et al., 2017 ). Presence of glyphosate in water has been studied
y several researchers; these studies have been presented in Table 4 . 



.3. Glyphosate contamination in food 



The main source of chronic exposure to glyphosate could be food.
esidues of glyphosate have been found in crops, drinking water and



issues of animals that are destined for the consumption of humans. 
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Table 4 



Occurence of glyphosate in water. 



Sr.No Water Source 
Contaminant 



Analysed Contaminant Concentration References 



1 Lakes, ponds or 



streams 



Glyphosate 5153 μg/litre after direct aerial application CCME, 1989 



2 Pond water Glyphosate and 



AMPA 



90–1700 μg/litre Glyphosate and 2–35 μg/litre AMPA IPCS, 1994 



3 Surface water 0.5– 1 μg/litre Glyphosate and 6 μg/litre of the metabolite AMPA 



4 Surface water Glyphosate Low concentrations obtained in samples from various countries 



(0.1 to 2.5 μg/litre) 



Skark et al., 1998 



5 River water Glyphosate was found in two tributaries of Ruhr river, up to 



0.59 𝜇g/ litre 



6 Stream water Glyphosate and 



AMPA 



Both AMPA and glyphosate were detected in 35% of the 154 



Samples. The maximum observed glyphosate concentration was 



8.7 𝜇g/litre, and the maximum AMPA concentration was 



3.6 𝜇g/litre. 



Battaglin et al., 2005 



7 Stream water Glyphosate and 



AMPA 



Glyphosate was measured at the highest concentration i.e, 



328 𝜇g/l and AMPA 41 𝜇g/litre. 



Battaglin et al., 2009 



8 Surface Water Glyphosate and 



AMPA 



Glyphosate detected in about 30% of samples and 23% above 



0.1 𝜇g/litre. AMPA has been detected in about 50% of samples 



and 45% above 0.1 𝜇g/litre ∗ . 



Horth, 2010 



9 Ground water Glyphosate has been detected in about 1% of samples and 0.7% 



above 0.1 𝜇g/litre. AMPA has been detected in about 1.7% of 



samples and 0.9% above 0.1 𝜇g/litre. 



10 Boreholes Glyphosate and 



AMPA 



Glyphosate and its metabolite AMPA are found at concentrations 



over 0.1 𝜇g/litre, with 26.7% and 38.2% respectively of Danish 



stream samples, which indirectly affects the groundwater. 



Malaguerra et al., 2012 



11 River water Glyphosate and 



AMPA 



The annual load as a percentage of use (LAPU) was calculated for 



the four agricultural basins which ranged from 0.009 to 0.86% 



Coupe et al., 2012 



12 Ground water Glyphosate Out of 140 samples; 41% found positive, with a maximum of 



2.5 𝜇g/litre and an average of 0.2 𝜇g/litre 



Sanchis et al., 2012 ; 



Friends of the Earth 



Europe, 2013 13 Drinking water In raw water samples, destined for public supply, 2.9% of samples 



found above the maximum concentration of Glyphosate 



permitted in drinking water (0.1 𝜇g/litre). 



14 Wells 8.8% of the wells analysed, with 3.4% exceeding the maximum 



concentration of Glyphosate permitted in drinking water 



(0.1 𝜇g/litre). 



15 Ground water Glyphosate and 



AMPA 



Residues of glyphosate were found up to 1.42 𝜇g/litre in all 



groundwater samples. 



Rendón-von Osten and 



Dzul-Caamal, 2017 



∗ The maximum contaminant level (MCL) of glyphosate residues approved by the european union in drinking water samples is 0.1 μg / l ( Cengiz et al., 2017 ). 
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Analysis of honey samples was conducted for the concentration of
lyphosate, 59 % [41 out of 61] samples were found with a concen-
ration range of 17 to 163 ng/g, this was above LOQ[Limit of quantifi-
ation] [15 ng/g]. Similarly, soy sauce samples [36 %-10 out of 28]
howed the concentration of glyphosate in range of 88 and 564 ng/mL,
hese were found above LOQ [75 ng/mL] ( Rubio and Kamp, 2014 ).
he residues of glyphosate and AMPA were detected in plant prod-
cts. The observed concentration of glyphosate in legumes (soy crops)
as0.25–18.5 mg kg − 1 and AMPA was 0.26-20mg/kg ( Jarrell et al.,
020 ).Highest residues of glyphosate during various trials were reported
s:cottonseeds [28 mg kg − 1 ], cereals [3- 20 mg kg − 1 ]and various types
f fodder [0.79– 344 mg kg − 1 ]. ( Codex, 2013 ; Cuhra, 2015 ; EPA, 2013 ;
AO Pesticide Residues in Food –2005 2005 ).Various studies have
een carried out to detect the concentrations of glyphosate in barley
 < 0.45 mg/kg], wheat [0.67 mg/kg], oats [ < 0.08 mg/kg] ( Granby et al.,
003 ; Botero-Coy et al., 2013 ). Zoller et al., (2018) found concen-
ration of glyphosate [ < 0.001–0.291 mg/kg] and AMPA [ < 0.0025–
.010 mg/kg].The detectable glyphosate residue found in fresh or pro-
essed fruits and vegetables [0.0002–0.15 ppm], other grains i.e., whole
rain, arrowroot, buck weak, rice, rye [0.005–5.9 ppm] (Miller et al.,
020). Glyphosate residue reported positive in wine [0.0048 mg/kg],
ruit juice [0.0019 mg/kg], honey [0.0046 mg/kg] ( Zoller et al.,
018 ). In another glyphosate residue study, they found rye crispbread
0.26 mg/kg] and millet [0.086 mg/kg] ( Baden-Wurttemberg, 2012 ). 



. Glyphosate impacts 



Though herbicide-containing glyphosate is used to kill the weeds and
ther vegetation, other plants, bacteria, invertebrates and animals may
lso be exposed in many ways to the herbicide. Insects or animals can
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ecome exposed to the glyphosate during spray, consuming the treated
rop, or feeding on the prey that may have been exposed to glyphosate.
he non-target species have direct impacts and the changes in environ-
ent indirectly affect them ( Tarazona et al., 2017 ). 



The supposed mode of action of glyphosate in plants is the de-
truction of the shikimate pathway ( Matozzo et al., 2020 ). It is men-
ioned that glyphosate is not detrimental to mammals or humans be-
ause the said pathway is not present in all animals ( Herrmann and
eaver, 1999 ). However, glyphosate also influences other pathways
hich are based on humans and animals. Glyphosate and its side effects
ave become a major concern due to widespread use and its concentra-
ion in the edible products ( Tarazona et al., 2017 ). 



.1. Impact of glyphosate on ecosystems 



In the freshwater environment, glyphosate dissolves in inorganic
lays, organic compounds and sediments [the main sink for glyphosate
n water bodies] by dilution, oxidation and adsorption ( Tu et al., 2001
nd references therein). With its prolonged half-life and capacity to in-
uce death of species in marine habitats, it is advised that glyphosate is
sed as a marine herbicide at any one time to manage approximately
ne-third to half of the body of water ( Tu et al., 2001 ).Glyphosate
as a typical half-life of 12 days to 10 weeks in water ( Tu et al.,
001 ). Polyoxyethylene amine [POEA], a surfactant, has been identi-
ed in this respect as the key source of Roundup’s extremely high tox-



city of many freshwater invertebrates and fish ( Tsui and Chu, 2003 ;
iesy et al., 2000 ). Glyphosate of a technical grade is mild to very



trongly toxic, with recorded LC 50 [Lethal concentration] values greater
han 55 mg/L and No observed effect concentration (NOEC) value of 21
ays of 100 mg/L ( Tsui and Chu, 2003 ; Giesy et al., 2000 ). 
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Glyphosate has been detected in surface waters in recent years even
fter it was used to combat aquatic plants, but it is widely known to
ave low ability to contaminate surface waters ( Mensah et al., 2014 ;
lusczak et al., 2007 ). Indeed, its mode of action was intended to im-
act only plants ( Stenersen, 2004 ), but in previous years, several stud-
es have documented adverse effects on non-targeted animals ( Tsui and
hu, 2003 ; Giesy et al., 2000 ; El-Shebly et al., 2008 ). Limnoperna fortunei



as been used to decrease the level of glyphosate in formulations which
re commercially available but the depletion of glyphosate enhances
he production of P-PO 4 



3 − and N–NH 4 
+ . If such type of glyphosate



epletion occurs in natural water ecosystem it can lead to eutroph-
cation ( Gattás et al., 2020 ). Iummato et al., (2018) studied the ef-
ects of algae contaminated with glyphosate through dietary exposure
n Limnoperna fortune which revealed that glyphosate produces alter-
tions in metabolism related to detoxification process. However, no ef-
ects were observed in oxidative stress variables. There is a growing
oncern on the decrease in the abundance of amphibian species glob-
lly in the past years. ( Williams, 2004 ; Cheron and Brischoux, 2020 )
bserved the presence of concentrations of AMPA in environment dis-
urbs the survival of embryos, the time required for development and
orphology of hatchling in Bufo spinosus [Spined toads]. 



Glyphosate was also studied as a potential trigger for the amphib-
an decline ( Relyea, 2005 ), and variety of reports are a matter of con-
ern regarding the exposure of amphibians to the glyphosate and hav-
ng an effect on its development. Frog embryos subjected to the dilu-
ions of glyphosate-based herbicides displayed cranial and facial malfor-
ations in experimental studies, also shortening of the neck, damaged



yes and narrower heads ( Paganelli et al., 2010 ). Likewise, the length
f adult frogs reduced snout-vent due to exposure to the glyphosate-
ased herbicide( Paetow et al., 2012 ). The larval cycle of American
oads has been extended by showing exposure to herbicides includ-
ng glyphosate ( Williams and Semlitsch, 2010 ), which has triggered
hanges in the function of a central enzyme associated in the nervous
ystem of the frog [ Rhinella arenarum ] tadpoles ( Lajmanovich et al.,
011 ). Exposure in one study induced alterations in the shape of tad-
oles, such as the deepening of their tail fins. The authors noticed that
he modifications (deepening of tail fins) were reported to be similar
o the adaptive morphological changes induced by predators ( Relyea,
012 ). 



The effects of glyphosate-based herbicides on species living in wa-
erways, marine waters and lakes have been studied as well. Microor-
anisms are important to the habitats of aquatic and freshwater as they
hape the base of food chains. In experiments, the development and dis-
ribution of organisms in aquatic microbial communities have been stud-
ed. Glyphosate contamination was found in water bodies due to land
un-off ( Stachowski-Haberkorn et al., 2008 ). Vera et al., (2010) found
hat diatoms were far more sensitive to glyphosate in periphyton popu-
ations than cyanobacteria, and subsequently, a change in the diversity
f these populations resulted over a period of time. 



Research showed that glyphosate-containing herbicides prevented
hotosynthesis in freshwater cyanobacteria ( Vera et al., 2012 ). Similar
bservations were done by Pérez et al., (2007) , an increase in the abun-
ance by 40-fold was observed with the addition of Roundup in pico-
ynobacteria, whereas tiny aquatic species known as rotifers showed to
ave lowered life expectancy and reproductive levels, longer growth pe-
iods and the lower total populations ( Vera et al., 2012 ). Higher up the
oastal and terrestrial food chains were also found to have harmful im-
acts. Pure glyphosate, glyphosate-containing herbicide ‘Roundup’ and
urfactant additives have shown to be highly responsive to freshwater
ussels ( Bringolf et al., 2007 ). Upon exposure to Roundup herbicide (at



oncentrations 40- to 20-fold lower than the standard agricultural appli-
ation), the freshwater carp displayed swelling of mitochondria as well
s disappearance of its internal membrane and myelin-like structures in
he cytoplasm. Also, in liver of many of the carp fishes, mononuclear
nfiltration cells were observed. ( Szarek et al., 2000 ). Research on Eu-
opean eel reported that “Roundup amounts that are biologically signif-
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cant may present a safety danger for populations of fish ” and showed
hat it induced DNA damage in the exposed fish ( Guilherme et al., 2009 ).



Glyphosate is used for pre-harvest desiccation, glyphosate may per-
ist in seeds and this can result in a reduction in germination and
eedling formation ( Blackburn and Boutin, 2003 ; Baig et al., 2003 ).
indings of Cederlund, (2017) suggests that a limit of < 5 g / ha will
ave a good protection level against adverse effects of glyphosate spray
rifting for non-target terrestrial vascular plants. The drift rates up to
–2 g / ha would be completely protecting plants from harmful impacts.



Popular weeds in agricultural areas can be essential sources of food
or animal species, bee and birds. Weeds offer food as well as nectar
ources for insects, on which birds feed on later. Seeds of weed may also
e essential winter food for several endangered species of birds, such as
unting corn and skylark ( Vo ř íš ek et al., 2010 ). Between 1999 and 2003,
arm Scale Assessments [FSE] of Genetically Modified [GM] crops in the
nited Kingdom analysed the amount of weeds and their seed output in



he non-GM intensively controlled beet fields relative to those in Genet-
cally Modified [GM] glyphosate resistant crops. The findings revealed
hat the GM glyphosate tolerant sugar beet had a large reduction of
eeds and plant seeds relative to traditional crops ( Heard et al., 2003 ).



Likewise, the decrease of North America’s Monarch butterfly pop-
lations from the mid of 1990s has been related [partly] to use of
lyphosate-based herbicides on the soya crops and GM maize. The us-
ge of glyphosate, while not specifically harmful to the butterflies,
nhibits the caterpillar stage of their lifecycle ( Zobiole et al., 2011 ).
ommon milkweed plants were killed from glyphosate-resistant crops
elds at very high levels ( Hartzler, 2010 ), and it is projected that
ommon milkweed was completely removed from US cropland of 100
illion hectares after implementation of glyphosate-resistant crops



 Monarch Watch, 2008 ). 



.2. Impacts of glyphosate on human and animal health 



The impacts of Glyphosate on human health rely on the amount
f glyphosate present, duration and the frequency of exposure. It of-
en depends upon a person’s health and other environmental factors
oo ( National Pesticide Information Centre, 2020 ). To obtain the cy-
otoxic and DNA-damaging effects of glyphosate and Roundup on its
ccupational exposure to humans, Koller et al., (2012) , reported an in-
itro study on exposure of human derived buccal epithelial cell line, for
0-minutes to 10–20 mg/L of glyphosate and roundup-ultramax which
ead to a rise in nuclear aberrations. The study thus indicated that in-
alation of the said herbicides may cause damage to DNA in exposed
umans.( Koller et al., 2012 ). 



In living plants, glyphosate undergoes degradation to form AMPA
Aminomethylphosphonic Acid] ( Arregui et al., 2004 ) which is also
oxic to various organisms ( Gomes et al., 2016 ; Kwiatkowska et al.,
014 ). Hence, in the residue analysis, the concentration of both
lyphosate and its degradation product AMPA are considered
 Codex, 2013 ; EPA, 2013 ). It is not effectively metabolized in animals,
o is primarily excreted into the urine with no change ( Myers et al.,
016 ). After glyphosate inhalation, very low amount of AMPA has been
etected in blood, it indicates ineffective metabolism in humans too;
evertheless, this oxidation must be mediated by microbial intestinal
xidation( Motojyuku et al., 2008 ). In support of this hypothesis, a test
n rats confirmed low amounts of AMPA in the colon after two hours of
he oral glyphosate ingestion, which was mainly due to the glyphosate’s
ntestinal microbial metabolism ( Brewster et al., 1991 ). 



When examining the influence of Roundup containing glyphosate
n aromatase, the enzyme involved in the development of oestrogen, at
ontoxic levels, it was noted that glyphosate interferes with the levels of
romatase and mRNA and thus has both endocrinal and toxic effects The
esearch suggests that Roundup containing glyphosate is lethal to pla-
ental cells of the human within 18 hours of exposure, at amounts lower
han those for agricultural use, thus raising concern for workers exposed
o glyphosate during pregnancy ( Richard et al., 2005 ). Glyphosate her-
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icides blocked the activity of the masculinizing hormone that is an
ndrogen, in an in vitro experiment in the human cells, at values up
o 800 times lower than the permitted glyphosate residues in some GM
rops that are used for animal feed in the United States. At these lev-
ls, DNA damage has been observed in human cells being treated with
lyphosate-based herbicides ( Gasnier, 2009 ). 



These herbicides were also found to interfere with action and the
roduction of oestrogen, which is feminizing hormone. The first toxic
ffect was observed at a dose of 5 ppm and first endocrine disruption at
.5 ppm which is 800 times less than a quantity of 400 ppm permitted for
ertain animal feed ( Gasnier, 2009 ). This herbicide has caused dysregu-
ation of the huge number of genes in breast cancer cells of human which
ere grown in vitro in the laboratory at the environmentally acceptable



xposure levels [0.00023 percent dilution of commercial formulation].
ut of 1550 genes studied, a 680 expression either got increased or de-
reased. It was able to substitute and work symbiotically with oestrogen
hich is necessary for the growth of breast’s cancer cells. This indicates



he high endocrine-disrupting capability of glyphosate in this kind of
ormonal environment ( Hokanson et al., 2007 ). Through in vitro oe-
trogen mechanisms, proliferation of oestrogen-dependant breast cancer
ells increases by pure glyphosate itself ( Thongprakaisang, 2013 ). 



It is also reported ( Samsel and Seneff, 2015 ) that glyphosate is a
etal chelator, and since manganese influences sperm motility, they



oncluded that glyphosate could partially explain higher levels of in-
ertility and birth defects. Also, these metal chelating properties are of-
en linked with diseases like anxiety disorder, inflammatory intestinal
isease, thyroid dysfunction, Parkinson’s disease, Alzheimer’s disease,
utism, renal lithiasis, osteomalacia and infertility ( Samsel and Sen-
ff, 2015 ). Acquavella et al., (1999) , carried out a study for understand-
ng the exposure of Roundup herbicide also known as isopropylamine
alt of glyphosate on the human eyes. It revealed that it had no perma-
ent damage to the human eye, but there were chances of temporary or
inor injury to the person exposed to it. 



Relations amongst microbes and health of humans have been exam-
ned in recent years, but lesser evidence and studies are known on the
otential impact of glyphosate on this relationship ( Berg et al., 2014 ).
lyphosate has an influence on the intestinal microbial community from
ontaminated animal feed and water that can damage human and ani-
al health ( Van Bruggen et al., 2018 ). While acute toxicity of glyphosate



o mammals is low, it has been found that products with glyphosate for-
ulations are more harmful than glyphosate itself, which has raised



oncerns about its potential impact on humans as a contributor of many
ancers and mental disorders in specific ( Richard et al., 2005 ). Multiple
xperiments have identified a possible correlation between the effects
f glyphosate-based herbicides and cancer ( Agostini et al., 2020 ). Lab-
ratory studies have demonstrated absorption of glyphosate in human
astrointestinal tract and absorption of glyphosate via dermal route, in-
estion and inhalation ( Torretta et al., 2018 ). Liver failure has been
eported due to glyphosate exposure ( Khot et al., 2018 ). 



Some of the studies showing glyphosate concentrations in human
amples have been mentioned in the Table 5 . 



.3. Impact of coformulants 



As detailed in the earlier sections, many of the studies reported
nderstanding the impact of glyphosate has been carried out using
lyphosate or its technical mixtures. Most of them have reported that
he technical mixtures have higher toxicities than the Glyphosate alone.



As reported in the earlier sections, glyphosate is always used with ad-
uvants which facilitate its entry into the plant cuticles ( Relyea, 2005 ).
he surfactants like POEA used as adjuvants are reportedly more
oxic than glyphosate when tested. POEA, which has been promi-
ently present in most of the technical formulations of glyphosate is
eported to act as a herbicide when studied on its own. As mentioned
n Table 6 , it has significantly high toxicological values, in compari-
on with glyphosate alone. Since the disclosure of active ingredient is
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andatory and adjuvants are not, these compounds go unnoticed along
ith the glyphosate sprays into the environment ( Mesnage et al., 2019 ).
nd considering high toxicity quotient particularly for aquatic species,



hey will disturb the ecosystems significantly. 
Due to the low reported toxicities of Glyphosate alone, which does



ot give a clear picture of its acute and chronic effects due to technical
ixtures, it is more relevant to consider studies based on the formula-



ion for the toxicity values, because in many cases, the co-formulants are
ot inert ingredients but significantly burden the environment and dis-
urb the ecological cycles. Even the other ingredients like heavy metals
presence of Arsenic, Chromium, cobalt etc. in glyphosate based formu-
ations such as Bayer GC, Glyphogan, Radical Tech + etc. reported by
efarge et al., (2018) have been reported to contaminate the ground
ater and these usually go unnoticed while understanding the fate of
esticides. ( Defarge et al., 2018 and references there in) 



. Risk of cancer associated with glyphosate 



Glyphosate is intensively used herbicide globally, with carcinogenic
haracteristics. Since its registration from 1974 the carcinogenic poten-
ial of glyphosate has been evaluated by EPA and other health authori-
ies several times and in several studies. However, opinions on the risk
f cancer due to the exposure of glyphosate are divided. Since 1985,
he early peer-review paper of glyphosate was studied in treaty with
he Guidelines for carcinogenic risk assessment. The scientist studied on
ice tumours and further, they classified it as Group C chemical [Pos-



ible Human Carcinogen] in that particular year. 
The Scientific Advisory Panel [SAP] and Federal Insecticide, Fungi-



ide, and Rodenticide Act [FIFRA] provide autonomous scientific assis-
ance to the EPA on wellbeing issues related to glyphosate ( EPA, 2019 ) .
IFRA again in 1986 reviewed glyphosate and classified it as non-
arcinogenic to Humans and advised the agency to issue a data call-
n notice for further studies in rats to clarify the unsolved queries
 FIFRA SAP Report, 1986 ). After a re-evaluation of the referred mouse
tudy, the US EPA changed its classification to evidence of non-
arcinogenicity in humans [Group E] in 1991 ( IARC, 2015 ). 



Recently, to understand the severity and risk of glyphosate, many
nternational agencies took part to evaluate its carcinogenic potential.
he subdivision of the World Health Organization [WHO], Interna-
ional Agency for Research on Cancer [IARC], studied that glyphosate
as a probable carcinogen and classified in group 2A on March 2015
 IARC, 2015 ). There are some studies which suggest cancer risk due
o exposure of glyphosate while there are others who don’t. The study
one by IARC was aimed at identifying the hazards which will result in
he possibility of cancer and did not consider the risk associated with
xposure to doses present in the environment. 



The EPA has proposed its conclusions that “The strongest support is
or “not likely to be carcinogenic to humans at doses relevant to human
ealth risk assessment( US Environmental Protection Agency, 2017 ).
n IARC’s summary statement, it is found that there was no link be-
ween glyphosate traces of food and cancer. The group found "lim-
ted evidence" of carcinogenicity in the agricultural workers exposed
o glyphosate for prostate cancer and non-Hodgkin lymphoma. But the
anel of the working group found "sufficient evidence" of carcinogenic-
ty in the experimental animals ( Valavanidis, 2018 ). 



The conclusions made by EPA and IARC differ due to mainly three
asis; first was the core tables collected by the IARC and EPA, IARC fo-
used primarily on peer-reviewed research, 81 assays were performed
o investigate certain genotoxic effects (oxidative stress and sex hor-
ones), positive outcomes obtained in 62 of them whereas the EPA was



ased primarily on registrant-commissioned, unpublished regulatory re-
orts, 99 percent of which were negative. Secondly, IARC’s analysis put
 high emphasis on the findings of formulated GBH and AMPA assays,
hile the EPA’s assessment consisted primarily based on data from tech-
ical glyphosate studies. Third probable reason was assessment by IARC
ontains information from average diet,occupational and elevated expo-
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Table 5 



Human sample studies on glyphosate occurence. 



SNo 
Contaminant 
Analysed LOD/LOQ and Analytical Method Concentration References 



1 G & AMPA LOD G: 100 𝜇g/L 



LOD AMPA: 50 𝜇g/L 



Analytical method: Gas 



chromatography containing 



ECD 



Samples of urine for G persist < LOD, Single urine 



samples analysed further contains 85 𝜇g/L G;Samples 



of urine prevailed < LOD of AMPA. 



Jauhiainen et al., 1991 



2 G LOD G: 1 𝜇g/L 



Analytical method: HPLC 



Samples of urine Geometric mean (Farmers) ± SD: 3.2 ± 
6.4 𝜇g/L (range < 1–233) on day of application; On post 



application i.e. day 3- 1.0 ± 3.6 ( < 1–68) 𝜇g/L. 



Detectable range was found in lower than 25% of 



children spouses. 



Acquavella et al., 2004 



3 G & AMPA LOD G: 0.5 𝜇g/L 



LOD AMPA: 1.0 𝜇g/L 



Analytical method: Gas 



chromatography with 



electron micro capture 



detector 



Samples of urine G: 7.6 ± 18.6 𝜇g/L(Mean ± SD; range: 



0–130 𝜇g/L); 4/42subjects. Detectable G levels had 



measurable AMPA levels: mean G:58.8 𝜇g/L (range: 



28–130 𝜇g/L). 



Varona et al., 2009 and 



references in Gillezeau 



et al. 2019) 



4 G & AMPA LOD G(Milk): 1.0 𝜇g/L 



LOD AMPA(Milk): 1.0 𝜇g/L 



LOD G(Urine): 0.03 𝜇g/L 



LOD AMPA(Urine): 0.02 𝜇g/L 



Analytical Method: LC-MS 



Samples of milk and urine from healthy lactating women 



were collected. Milk: G < LOD. Urine: G mean: 0.28 ± 
0.38 𝜇g/L, G observable in 37/40 urine. 



McGuire et al., 2016 



5 G& AMPA LOQ G: 0.1 𝜇g/L 



LOQ AMPA: 0.1 𝜇g/L 



Analytical method: GC–MS 



Samples of urine: 127 



samples of G (31.8%) > LOQ, 



AMPA: 160 (40.1%) > LOQ. 



Conrad et al., 2017 



6 G LOD G: 0.4 𝜇g/L 



Analytical method: HPLC 



Median of maternal serum: 17.5 (range 0.2–189.1) 𝜇g/L; 



Serum of umbilical cord: 0.2(range 0.2–94.9) 𝜇g/L,46.3% 



serum samples maternal < LOD, 50.7% of umbilical cord 



serum samples < LOD. 



Kongtip et al., 2017 



7 G LOD G: 0.5 𝜇g/ L 



Analytical method: LC-MS 



47 samples contained urinary creatinine, Between ⟨ 3.0 



or ⟩ 30 nmol/L. Samples having G levels > LOD (20 %), 



Median of samples with G levels above the detection 



limit (Range): 0.87 (0.80–1.35) 𝜇g/L. 



Connolly et al., 2018 



G-Glyphosate, AMPA- Aminomethylphosphonic acid, LOD-limit of detection, LOQ- Limit of quantification, ECD- Electron Capture Detector, HPLC- High Performance 
Liquid Chromatography 
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ure scenarios, but EPA’s assessment concentrated on ordinary, dietary
xposures of common population considering legal, usage of food-crop
hereas on other hand, neglected higher occupational risks and expo-



ures ( Benbrook, 2019 ). 
Many studies have been considered afterwards which are determin-



ng glyphosate and its cancer-causing hazard. The European Food Safety
uthority [EFSA] determined that it is not likely to pose a cancer-
ausing hazard in November 2015 ( EFSA, 2015 ) and The Joint Food and
griculture Organization WHO/FAO concluded that glyphosate was not



ikely to create cancer-causing probability to the individuals which were
ubjected through food ( WHO, 2016 ). IARC categorized glyphosate as
probable human carcinogen ” ( IARC, 2015 ), in the similar year, EFSA
tated that “glyphosate is not likely to pose a carcinogenic hazard to
ndividuals ” ( EFSA, 2015 ) and according to US EPA it is “not proba-
le to be carcinogenic ” as per non-occupational exposures ( US Environ-
ental Protection Agency, 2017 ). The consequences of the studies on



lyphosate explained in many EFSA and EPA’s review papers. The ar-
uments on glyphosate as a cancer-causing group is placed on several
haracteristics, this includes the variations in weightage given to the
esults of epidemiological research in human. 



Kwiatkowska and co-workers studied DNA damage caused due
o glyphosate and methylation of DNA in PBMCs (peripheral blood
ononuclear cells). DNA damage occurred at the rate of 0.5 to 10 mM,



lso led to elevated gene promoter methylation subsequently with
.25 mM and 0.5 mM when treated with glyphosate ( Kwiatkowska et al.,
017 ). Lymphocytes based chromosomal damage (exchange of sister-
hromatid) was observed at ≥ 1000 𝜇g/ml ( Bolognesi et al., 1997 ) but
ot for ≤ 6 mM (chromosome distortions ) ( Manas et al., 2009 ) on ex-
osure with glyphosate. Glyphosate based herbicides triggered break-
ge of DNA strand of HepG2 cells with 5 ppm (29.6 𝜇M) concentra-


9 


ion ( Gasnier et al., 2009 ) and cells of buccal epithelial carcinoma from
0 𝜇g/ml (118.3 𝜇M) ( Koller et al., 2012 ). 



In a review, glyphosate and glyphosate-based herbicides depicts cy-
otoxic and genotoxic effects, significantly raise oxidative stress, disrupt
he oestrogen pathway, affect several other cognitive processes, and are
hought to be associated with certain cancers. Mammals, considering
umans, glyphosate primarily seems to have cytotoxic and genotoxic
mpacts, inflammation and interferes with functions of lymphocyte, im-
une system and the microbial interactions ( Peillex and Pelletier, 2020 )



However, the Joint WHO/FAO meetings on Pesticide Residues
 WHO, 2016 ) concluded glyphosate is unlikely to be a human carcino-
en ( Soumis, 2018 ). In addition to that EPA has systematically assessed
ossible human well-being risk with exposure to glyphosate and de-
ermined that no risks to human health from the currently registered
ses and glyphosate is not likely to be cancer-causing to individuals
 Reaves, 2020 ). Very recently, USEPA also endorsed that glyphosate use
s per the manufacturer’s instructions does not pose any human health
isks ( Meftaul et al., 2020 ). 



Cities, states and countries throughout the world have taken paths to
ither restrict or ban glyphosate ( Goldman, 2020 ). Farmers, agriculture
ractitioner, landscapers and gardeners who are using Roundup weed
illers or other herbicides based on glyphosate have a chance of develop-
ng non-Hodgkin lymphoma and other types of cancer ( Schinasi et al.,
014 ). It was reported by Zhang et al., (2019) that the probability to
evelop non-Hodgkin lymphoma was increased to 41% on exposure to
lyphosate based herbicides There are many lawsuits filed against the
lyphosate to raise its carcinogenic impacts on humans. A California
air alleged their non-Hodgkin’s lymphoma cancer resulted through us-
ng Roundup since 1975 and 2011 the case was won in May 2019 re-
orted by Roundup Cancer Attorneys and Lawsuits representing Penn-





https://thesaurus.yourdictionary.com/elevated


https://thesaurus.yourdictionary.com/distortions


https://thesaurus.yourdictionary.com/triggered


https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/what-is-glyphosate-herbicide/








K. Gandhi, S. Khan, M. Patrikar et al. Environmental Challenges 4 (2021) 100149 



Table 6 



Toxicological dose indicators of glyphosate-based herbicides (GBH), Co-formulants and Glyphosate investigated in various studies. 



Product Name 
Declared Active 
Ingredient (DAI) 



DAI 
(Concentraion/ 
Percentage) 



% of POEA 
present Study done on 



NOEC ∗ 



(pm) 
LOEC ∗ 



(ppm) 
LC50 
(ppm) References 



GBH Roundup Classic G – – Daphni–a 



magna 



– – > 20 Székács et al., 



2014 



Glyfos IPA 360 g/l 9 Human cells 75 85 86 Defarge et al., 



2016 



Roundup 



WeatherMAX 



Potassium salt 



of G 



540 g/l – Human cells 60 70 71 Defarge et al., 



2016 



Atanor 48 (ATN) G – – Zebrafish – 1.7 76.5 



Rodrigues et al., 



2019 



Co-Formulants POEA POEA 100% 100 Daphnia 



magna 



– – > 3.1 Székács et al., 



2014 



POEA POEA 100% 100 Human cells 3 3.5 3.9 Defarge et al., 



2016 



QAC QAC 30% – Human cells 35 50 58 Defarge et al., 



2016 



POEA Polyethoxylated 



tallow amine 



100% 100 Zebra fish – 0.4 5.49 



Rodrigues et al., 



2019 



G G IPA 360 g/l – Human cells 3100 4600 7878 Defarge et al., 



2016 



IPA- Glyphosate-isopropylammonium, QAC- Quaternary ammonium compound, POEA-Polyethoxylated tallow amine, G-Glyphosate, NOEC-No Observed Effect 
Concentration, LOEC-Lowest Observed Effect Concentration. [NOEC and LOEC respectively correspond to the highest concentration without significant cytotoxic 
effect and to the lowest concentration with significant cytotoxic effect in ppm] 
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ylvania, Delaware, Philadelphia, New York, New Jersey and Nation-
ide. Also, there are more than 13,400 lawsuits across the United States



nvolving Roundup, whose active ingredient is glyphosate is taken by
hemicals Company Bayer AG ( Kline and Specter, 2019 ). 



The carcinogenic risk needs to be evaluated not only for active in-
redient but also for adjuvants. The declaration of individual toxicities
f adjuvants should be clear in the technical formulations. This is par-
icularly important in light of excessive global usage of the herbicide. 



. SDG goals and glyphosate 



The sustainable development goals [SDGs] are comprised of 17 goals
hich can be inferred as a roadmap to approach sustainability and im-
roved life for all beings ( UN, 2020 ). Global agricultural activities, di-
ectly or indirectly link to many of the SDGs. Therefore, the agricultural
ctivities must be carried out in a manner aiming to support for achiev-
ng the SDGs. Agricultural activities involve and affects not only human
eings but also the environment. Indiscriminate use of pesticides in the
revious decades has to lead many ecological disturbances besides some
nidentified causes of deteriorated human well being. 



The SDGs 2 aiming at zero hunger requires food security to meet
he needs of all. Keeping the SDG 12 [Responsible Production and con-
umption] in mind, we should limit the use of agricultural chemicals
specially those which pose a threat to sustainability. This will help us
chieve SDG 8 [Decent work and economic growth]. We can prevent
armers deaths caused due to the acute toxicities and chronic exposures
f many such pesticides or their adjuvants to the producers and end-
sers. Implementing sustainable agricultural practices will ultimately
ead to SDG 3 on Good health and well being for all and improved Life
elow water and life on Land and [SDG 14 and 15, respectively]. 



Glyphosate is an extensively used herbicide before, during and in
ome cases even after the agricultural growing cycles. During the review,
t was understood that glyphosate, as reported, may have relatively low
oxicity in comparison to the adjuvants added to it. The adjuvants them-
elves are reported to have pesticidal action and have toxicities at very
ow concentrations levels. This aspect needs to be the background of
isk assessment studies of glyphosate, besides the risk to non-target or-
anisms, reduced bioavailability of soil nutrient [due to chelation] and
mpact on beneficial soil microbes. 


10 


The options of organic agriculture and plant-based natural herbi-
ides need to be explored. Organic agriculture contributes significantly
o SDG’s and evidence of the same explained SDG 3 on health, SDG 5 on
ender, SDG 6 on water, SDG 11 on the sustainable community, SDG 12
n responsible consumption and production, SDG 13 on climate action,
DG 14 on life underneath the water, SDG 15 on life on land, and SDG
7 on partnership for the goals ( Setboonsarng and Gregorio, 2017 ). In
ddition to all studies, healthy soil producing healthy food and better
utrition is been discussed in the SDG’s 1, 2, 11, 12 and 15 which is
nhancing soil health and restoring land. Removal of biological matter
rom the soil, unnecessary tilling & irrigation by using poor quality water
nd overuse of synthetic pesticides are leading to damage the soil fer-
ility, pollution and degradation and also vulnerable to approach SDG’s
oals ( UN, 2020 ). 



onclusions 



Glyphosate use has been on an increasing trend since its introduc-
ion. The ending of patent protection and introduction of GE crops which
ere resistant to the herbicide led to significant use of the herbicide
lobally. 



Structurally the active ingredient may have relatively low chronic
oxicity but there are many aspects of toxicity which needs to be exten-
ively studied. Though the persistence of glyphosate in the environment
s very low, its occupational exposure may lead to acute toxicity. Also,
he toxicity posed by its co-formulants and transformation products like
MPA needs to be taken into account rather than glyphosate alone. This



ncludes surfactants such as polyoxyethyleneamine (POEA) present her-
icide formulations like Roundup. 



Some environmental impacts of glyphosate are briefed in the re-
iew. Glyphosate can change the soil properties and affect the growth
f soil microorganisms as for few it can act as a nutrient source but
n some cases, it may raise the number of pathogenic microorganisms.
lyphosate half-life might vary according to the climate and it may last



rom days to years.It is also dependant on pH and soil type. 
After coming in contact with water, glyphosate primarily breaks



own into AMPA. Various studies reported the residual values of
lyphosate as well as AMPA greater than MCL(Maximum contaminant
evel) after monitoring of water samples from various sites.Some stud-
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es indicate the presence of low amount of AMPA due to an ineffective
etabolism of glyphosate in humans and animals. Some detailed studies



lso indicate that the co-formulants have high toxicological values than
he glyphosate alone and some of the coformulants may act as herbicides
ven when used alone. 



Though glyphosate-containing herbicides are used to kill weeds and
nwanted vegetation, it is also adversely affecting the ecosystem due
o its exposure to non-target species. The human health impacts mainly
epend on the presence, duration and exposure of glyphosate-based her-
icides. 



According to WHO, ( IARC, 2015 ) glyphosate has probable carcino-
enic property. But there was no link between glyphosate traces of food
nd cancer as per the study. Glyphosate poses the risk of cancer mainly
hrough Roundup or other herbicide based on glyphosate. 



The review give an insight into the gaps in the current studies partic-
larly about technical formulation containing coformulants, the impacts
f which need to be assessed separately in detail. 



As glyphosate and herbicides containing glyphosate have an sub-
tantial usage globally, it is of utmost importance to perform toxico-
ogical studies on all the major components of technical formulataions
hich could likely pose a threat to human health and environment. Also,
lyphosate and related adjuvants should be included in the routine mon-
toring programs of countries where it is used extensively. 
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l9 I.



20 Introduction



21 This matter came on for hearind on October 26, 2018 at 9:00



22 a.m. in Department 52 of the Fresno Superior Court, the Honorable



23 Jane Cardoza presiding, on the respondents/defendants’



24 [hereinafter “defendants”] demurrer to the complaint/petitiofi



25 filed by petitioners/plaintiffs [hereinafter “plaintiffs”] The Two



26 Hundred. Attorney Jennifer Hernandez appeared on behalf of



27 plaintiffs. Deputy Attorney General John Sasaki appeared on



28 behalf of defendants. After hearing oral argument from both
COUNTY OF FRESNO



Fresno, CA











l parties, the court took the matter under submission. Having read



2 the briefs and considered the parties’ arguments, the court now



3 takes the matter out from under submission and makes the following



4 ruling.



5 II.



6 Analysis



7 First and Second Causes of Action: CARB demurs to the first



8 and second causes of action for violation of California’s FEHA and



9 the federal FHA, in which plaintiffs allege that the CARB’s new



10 GHG measures will create a disparate impact on minority



11 communities and are discriminatory against those communities and



12 .their members. (Complaint, fl 273.) Defendants contend that



13 plaintiffs have ndsconstrued the provisions of the 2017 Scoping



l4 Plan, which CARB contends are only non—binding “recommendations”



15 or “guidelines” and not mandatory regulations.



l6 Much of the language of the Scoping Plan seems to support



l7 defendants’ position, as the Plan refers to offering “guidance” to



l8 local agencies and planners. (Scoping Plan, p. 99. 'The court



19 intends to take judicial notice of the Scoping Plan as an‘official



20 government act under Evidence Code section 452, subdivision (c).)



21 “This guidance should be used in coordination with the OPR’s



22 General Plan Guidelines guidance in Chapter 8, Climate Change.



23 While this guidance is provided out of the recognition that local



24 policy makers are critical in reducing the carbon fOotprint of



25 cities and counties, the decision to follow this guidance is



26 voluntary and should not be interpreted as a directive or mandate



27 to local governments.” (Ibid, italics added.) Most of the



28 following proposed actions and goals are couched as



cougzsggfgisuo The Two Hundred v. California Air Resources Board 18CECG01494 demurrer order after hearing
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l “recommendations” or “advice” rather than being phrased in



2 mandatory 'terms. (Id. at pp. 99—102.) For example, the GHG



3 reduction goals are described as “recommendations”, and CARB



4 states that “it is appropriate for local jurisdictions to derive



5 evidence—based local per capita goals based on local emissions



6 sectors and population projections that are consistent with the



7 framework used to develop the statewide per capita targets.” (Id.



8 at p. 100.) “Lead agencies have the discretion to develop



9 evidence—based numeric thresholds... consistent with this Scoping



10 Plan, the State’s long-term GHG goals, and climate change



ll science.” (Id. at p. 102.)



12 However, while much of the Scoping Plan’s language is couched



l3 in non—mandatory language, in general the courts have treated such



l4 plans as quasi—legislative acts. For example, in Association of



15 Irritated Residents V. State Air Resources Board (2012) 206



l6 Cal.App.4th 1487, the Court of Appeal noted that the parties‘did



l7 not dispute that the prior version of the Scoping Plan adopted by



18 the CARB constituted quasi—legislative action, and thus the Plan



l9 was subject to court review. (Id. at p. 1494.) The same result



20 would seem to apply here, as the new Scoping Plan was also adopted



21 after a lengthy review and public comment process, and generally



22 purports to impose specific standards for implementing the



23 legislation regarding GHG emissions.



24 While CARB argues that the specific portions of the Plan



25 cited by plaintiffs are non-mandatory, this appears to be an issue



26 of fact that cannot be resolved on demurrer. In fact, the CARB



27 stated in the Scoping Plan that “The [California Supreme] Court



28 also recognized that GHG determinations in CEQA ~should be
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I
l consistent with the statewide Scoping Plan goals...’ (Scoping



2 Plan, p. 101, citing Center for Biological Diversity V. Cal. Dept.



3 of' Fish and Wildlife (2015) 62 Cal.4th 204, 229—230.) This



4 language seems to at least raise an issue of fact as to whether



5 the “recommendations” in the Plan are truly non—mandatory as CARB



6 now contends, and therefore the court will not sustain the



7 demurrer on the basis of CARB’s claim that the Plan only sets



8 forth optional recommendations.



9 Defendants also argue that plaintiffs have not alleged



lO sufficient facts to show that there is a causal link between the



ll challenged Scoping Plan and the alleged disparate impact. “[A]



12 disparate—impact claim that relies on a statistical disparity must



l3 fail if the plaintiff cannot point to a defendant's policy or



l4 policies causing that disparity. A robust causality requirement



15 ensures that “[r]acial imbalance ... does not, without, more,



l6 establish a prima facie case of disparate impact” and thus



l7 protects defendants from being held liable for racial disparities



18 they did not create.” (Texas Dept. of' Housing" and Community



19 Affairs v. Inclusive Communities Project, Inc. (2015) 135 S.Ct.



20 2507, 2523, internal citation omitted.)



21 “Courts must therefore examine with care whether a plaintiff



22 has made out a prima facie case of disparate impact and prompt



23 resolution of these cases is important. A plaintiff who fails to



24 allegevfacts at the pleading stage or produce statistical evidence



25 demonstrating a causal connection cannot make out a prima facie



26 case of disparate impact... [IJfIthe [plaintiff] cannot show a



27 causal connection between the [defendant’s] policy and a disparate



28 impact — for instance, because federal law substantially limits



COUN o Esuo . . . .



pgsngfggx The Two Hundred v. Callfornla Alr Resources Board 18CECG01494 demurrer order after hearlng
-4-











l the [defendant’s] discretion — that should result in dismissal of



2 this case.” (Id. at ppi 2523—2524, internal Citation omitted,



3 italics added.)



4 Here, plaintiffs allege that the new GHG housing measures



5 promulgated by CARB will “actually and predictably have a



6 disparate negative impact on minority communities and are



7 discriminatory against minority communities and their members,



8 including but not limited to Petitioners...” (Complaint, flfl 273,



9 282.) In addition, plaintiffs allege that the CARB’s policy to



lO reduce Vehicle Miles Traveled.(VMT) will disproportionately affect



ll minorities by increasing congestion and commute times, the “net



12 zero” GHG policy will make housing less affordable for minorities



13 by increasing CEQA litigation risks, the per capita GHG targets



l4 for local climate action plans policy are unlawful and would cause



15 loss of iniddle and low-income jobs that will ‘have a disparate



l6 impact on minorities, and the CARB’s “Vibrant Communities”



l7, policies that incorporate the first three policies are also



18 unlawful. In addition, plaintiffs allege that at least one



l9 housing project has already been threatened with CEQA litigation



20 based on the local agency’s purported failure to comply with the



21 new Scoping Plan. (Complaint, fl 42.)



22 Thus, plaintiffs have alleged sufficient facts to raise an



23 inference of causation between the Scoping Plan and the alleged



24 disparate impact on minority communities. For example, plaintiffs



25 have alleged that opponents of new housing projects will be able



26 to use the new Plan as a reason to file CEQA lawsuits challenging



27 new developments that would provide affordable housing for



28 minorities. While it is somewhat unclear whether the new Scoping
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l Plan actually increases the risk that such new lawsuits Will be



2 filed or whether they will succeed, especially since plaintiffs



3 concede that CEQA lawsuits are already easily filed and pose a



4 serious problem for new development (Complaint, fl 164), this is an



5 issue of fact that cannot be resolved on demurrer.



6 Defendants also argue that plaintiffs are merely speculating



7 that housing costs will be increased by new CEQA litigation based



8 on the Scoping Plan, and that the chain of causation is too remote



9 and speculative to demonstrate that the Plan is a proximate cafise



10 of the disparate impact. Yet plaintiffs have alleged that the



ll Plan. will encourage new CEQA litigation based on the new and



12 difficult—to-meet standards it sets forth, which will lead to



l3 increased housing costs and reduced availability of affordable



14 housing 'for minorities. This chain of causation is not so



15 attenuated or speculative as to constitute a complete failure to



l6 allege proximate cause. Again, this appears to be a factual issue



l7 that cannot be resolved on demurrer. Therefore, the court finds



18 that plaintiffs have adequately alleged causation with regard to



l9 the first two causes of action.



20 Next, defendants argue that the matter is.not sufficiently



21 ripe for adjudication. “The ripeness requirement, a branch of the



22 doctrine of justiciability, prevents courts from issuing purely



23 advisory opinions. It is rooted in the fundamental concept that



24 the proper role of the judiciary does not extend to the resolution



25 of abstract differences of legal opinion. It is in part designed



26 to regulate the workload of courts by preventing judicial



27 consideration of lawsuits that seek lonly to obtain general



28 guidance, rather than to resolve specific legal disputes. However,
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1 the ripeness doctrine is primarily’ bottomed on the recognition



2 that judicial decisionmaking is best conducted in the context of



3 an actual set of facts so that the issues will be framed with



4 sufficient definiteness to enable the court to make a decree



5 finally disposing of the controversy. On the other hand, the



6 requirement shofild not prevent courts from resolving concrete



7 disputes if the consequence of a deferred decision will be



8 lingering uncertainty in the law, especially when there is



9 widespread public interest in the answer to a particular legal



10 question.” (Pacific Legal Ebundation V. California Coastal Com.



11 (1982) 33 Cal.3d 158, 170, internal citations omitted.)



12 “A logical starting point for a discussion of the concept of



l3 ripeness is the following general statement from Aetna Life Ins.



l4 Co. v. Haworth: ‘The controversy must be definite and concrete,



15 touching the legal relations of parties having adverse legal



16 interests. [Citation.] It must be a real and substantial



17 controversy admitting of specific relief through ea decree of a



l8 conclusive character, as distinguished from an opinion advising



19 what the law would be upon a hypothetical state of facts.’ ... ‘A



20 _controversy is “ripe” when it has reached, but has not passed, the



21 point that the facts have sufficiently congealed to permit an



22 intelligent and useful decision to be made.’” (Id. at pp. 170—



23 171, internal Citations omitted.)



24 “The federal courts have frequently addressed the issue of



25 ripeness in the precise context here presented — an attempt to



26 obtain review of the propriety of administrative regulations priér



27 to their application to the party challenging them. The approach



28 that has developed is summed. up in the following passage from
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Abbott Laboratories V. Gardner (1967) 387 U.S. 136, 148-149 [18



L.Ed.2 681, 691, 87 S.Ct. 1507]: ‘The injunctive and declaratory



judgment remedies are discretionary, and courts traditionally have



been reluctant to apply them to administrative determinations



unless these arise in the context of a controversy 'ripe‘ for



judicial resolution. Without undertaking to survey the



intricacieslof the ripeness doctrine it is fair to say that its-



basic rationale is to prevent the courts, through avoidance of



premature .adjudication, from entangling themselves in abstract



disagreements over administrative policies, and also to protect



the agencies from judicial interference until an administrative



decision has been formalized and its effects felt in a concrete



way by the challenging parties. The problem is best seen in a



twofold aspect, requiring us to evaluate both the fitness of the



issues for judicial decision and the hardship to the parties of



withholding court consideration.’” (Id. at p. 171, some internal



citations omitted, italics in original.)



“Under the first prong, the courts will decline to adjudicate



a dispute if ‘the abstract posture of [the] proceeding makes it



difficult to evaluate ... the issues' [citation], if‘the court is



asked to speculate on the resolution of hypothetical situations



[citation], or if the case presents a ‘contrived inquiry’



[citation]. Under the second prong, the courts will not intervene



merely to settle a difference of opinion; there' must be an



imminent and significant hardship inherent in further delay.



[Citation.]”. (Farm Sanctuary, .Inc. V. Department of Food &



Agriculture (1998) 63 Cal.App.4th 495, 502.) The court should



also consider whether the issue is purely a legal one, and whether
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the regulation at issue is a “final agency action.” (Abbott



Laboratories, supra, 387 U.S. at pp. 149—150.)



Also, with regard to the “hardship” prong of the test, the



court should look at whether the regulation at issue commands



anyone to do anything or refrain from doing anything, whether it



grants or revokes a license, power or authority, whether it



subjects anyone to criminal liability, or whether it creates legal



rights or obligations. (Ohio Fbrestry Ass’n, Inc. V. Sierra Club



(1998) 523 U.S. 726, 733.)



Here, it does not appear that the controversy is sufficiently



ripe for adjudication at this time. The dispute is still abstract



and speculative, as plaintiffs have not shown that most of the



problems that they believe will take place have yet occurred or



are likely to occur anytime in the near future. They claim, for



example, that the Scoping Plan will encourage the filing of more



CEQA actions against new developments, which will in turn lead to



higher housing prices and less affordable housing for minorities.



However, it does not appear that any such lawsuits have yet been



filed, although at least one has been threatened, and even if such



lawsuits are filed, it will be years before they are resolved.



Even if more CEQA lawsuits are filed, it may be many years before



the cost of such litigation causes housing prices to rise, if it



happens at all.



Likewise, while the plaintiffs claim that the Scoping Plan



will lead to greater traffic congestion and longer commutes for



minorities, there is no allegation that this situation has



happened yet, or that it will happen anytime in the near future



even assuming that the Plan does actually include a mandate to
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limit foad construction. Thus, plaintiffs are seeking a court



ruling on what is essentially still a hypothetical set of facts,



rather than a concrete dispute. It is unclear whether any of the



events that they predict will ever happen, and if so, how long it



will be before there is any harm to the minority communities they



seek to protect.



Plaintiffs’ claims also raise fact—intensive issues rather



than purely legal questions, including whether the Scoping Plan



will lead to higher housing prices due to increased CEQA



litigation against projects, and whether the Plan will require



less road consfruction and thus increased traffic congestion.



Again, the problems that plaintiffs believe will happen if the



Plan is implemented have not yet occurred, and may take years to



occur if'they happen at all. It will be very difficult for the



court to rule on the merits of plaintiffs’ claims at the present



time as the events that they predict have not happened yet. Thus,



it would be beneficial to wait until the Scoping Plan has been in



effect for some time to assess what the full effects of its



implementation might be.



Furthermore, plaintiffs have not shown that they will suffer



any immediate hardship if their claims are not heard immediately,



as the harm they predict is still years away. The Scoping Plan



itself does not require or forbid plaintiffs from doing anything,



and they will not be subjected to any criminal or civil penalties



if the Plan is allowed to go forward. While plaintiffs do allege



that they will suffer harm if housing prices continue to go up due



to CEQA litigation, they do not allege that they have been denied



affordable housing yet because of the Plan’s effects. It appears
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l that they will not suffer any direct harm for several years, at



2 the earliest.



3 Therefore, the court finds that the first and second causes



4 of action are not yet ripe for adjudication, and it will sustain



5 the demurrer to those claims for failure tovstate facts sufficient



6 to constitute a cause of action. However, based on plaihtiffs’



7 counsel’s representations at the hearing that she can allege new



8 facts showing the existence of a present, existing or imminent



9 controversy if she is given a chance to do so, the court will



10 allow‘plaintiffs leave to amend their first and second causes of



ll action.



12 Third Cause of Action: Defendants next demur to the third



l3 cause of action for violation of the substantive due process



l4 clauses of the California and United States Cdnstitutions.



15 “Generally, the constitutional guaranty of substantive due



16 process protects against arbitrary legislative action; it requires



l7 legislation not to be ‘unreasonable, arbitrary or capricioUs’ but



15 to have ‘a real and substantial relation to the object sought to



19 be attained.’ Thus, legislation does not violate substantive due



20 process so long as it reasonably relates ‘to a proper legislative



21 goal.’” (Coleman V. Department of Personnel Administration (1991)



22 52 Cal.3d 1102, 1125, internal citations omi£ted.)



23 Defendants argue that the State clearly has a legitimate



24 interest in limiting GHG emissions, and the Scéping Plan is



25 rationally related to this legitimate' goal. As a result,



26 defendants claim that plaintiffs have not stated a valid



27 substantive due process claim.
-



28 However, 'plaintiffs have clearly alleged that the Scoping
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Plan is not rationally related to the legitimate goal of reducing



GHG emissions, and thus violates the due process clause.



(Complaint, fl 289.) Plaintiffs contend that the Plan arbitrarily



discriminates against minorities by denying them affordable



housing and forcing them to endure longer commutes, among other



things. (Complaint, flfl 7, 50, 52, 59, 191, 193.) Thus,



plaintiffs allege that the Plan denies them their fundamental



right to housing free from racially disparate impacts. The court



‘ must.assume the truth of the properly pled allegations of the



complaint. As a result, plaintiffs have sufficiently alleged



their due process claim, and the court intends to overrule the



demurrer to the third cause of action.



Also, while defendants argue that there is no



constitutionally protected right to housing free of discrimination



and thus plaintiffs have not stated a valid due process claim, the



court notes that it is well—established that there is a



constitutional right to be free of discrimination based on race.



(United States V. Carolene Prods. Co. (1938) 304 U.S. 144, 153



n.4.) Here, it appears that plaintiffs are alleging that the



Scoping Plan would effectively discriminate against them based on



their status as racial minorities by denying them access to



affordable housing, which is sufficient to support their due



process claim.



Fourth Cause of Action: Next, defendants demur to the fourth



cause of action for violation of the equal protection clauses of



the California and United States Constitutions. Defendants argue



that plaintiffs have not adequately alleged facts showing that



CARB had any discriminatory intent when it adopted the Scoping
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l Plan, and thus the cause of action fails to state a claim.



2 “[O]fficial action will not be held unconstitutional'solely



3 because it results in a racially disproportionate impact.



4 ‘Disproportionate impact is not irrelevant, but it is not the sole



5 touchstone of an invidious racial discrimination.’ Proof of



6 racially discriminatory intent or purpose is required to show a



7 violation of the.Equal Protection Clause." (Village of Arlington



8 Heights v. Métropolitan Hbusing Development Corp. (1977) 429 U.S.



9 252, 264—265, internal citations omitted.)



10 However, it is rarely possible to offer direct evidence of



11 discriminatory intent. Instead, circumstantial evidence -of



12 discriminatory impact may used to infer intent. (Washington V.



l3 Davis (1976) 426 U.S. 229, 253.) Also, since the case is still in



l4 its early stages, it would not be reasonable to expect plaintiffs



15 to be able to cite to specific evidence in their complaint,



l6 whethér direct or circumstantial, that the CARB intended to



l7 discriminate against facial minorities when it adopted the Scoping



18 Plan.
'



l9 On the other hand, at this point plaintiffs have not even



20 alleged that the CARB intended to discriminate against minorities



21 in adopting the Scoping Plan. They merely allege that the Plan



22 will have the effect of making new housing less affordable and



23 accessible to Hdnorities. (Complaint, flfl 297, 298.) Thus, at



24 this time plaintiffs have failed to allege even the basic element



25 of intent to discriminate, and as a result the court will sustain



26 the demurrer to the fourth cause of action. The court will,



27 however, grant leave to amend, as it is possible that plaintiffs



28 can allege that the CARB acted intentionally to discriminate
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against racial minorities when it adopted the Plan.



Sixth and Tenth Causes of Action: Defendants next demur to



the sixth and tenth causes of action, which both allege violations



of the Administrative Procedures Act (APA) because the CARB



adopted the Scoping Plan without following the APA’S rulemaking



procedures. Defendants contend that plaintiffs have not stated,



and cannot state} a valid claim for violation of the APA because



the Scoping Plan is not a “regulation” under the definition set



forth in the APA, as it does not contain any binding rules or



procedures, but only sets forth optional recommendations to reduce



GHG emissions.



“The APA ... defines ‘regulation’ very broadly to include



‘every rule, regulation, order, or standard of general application



or the amendment, supplement, or revision of any rule, regulation,



order, or standard adopted by any state agency to implement,



interpret, or make specific the law enforced or administered by



it, or to govern.its procedure, except one that relates only to



the internal management of the state agency.’ (Gov. Code, §



11342, subd. (g).) A regulation subject to the APA thus has two



principal identifying characteristics. First, the agency’ must



intend its rule to apply generally, rather than in a specific



case. The rule need not, however, apply universally; a rule



applies generally so long as it declares how a certain class of



cases will be decided. Second, the rule must ‘implement,



interpret, or make specific the law enforced or administered by



[the agency], or ... govern '[the agency‘s] procedure.’”



(Tidewater Marine Western, Inc. V. Bradshaw (1996) l4 Cal.4th 557,



571, some internal citations omitted.)
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l As discussed above with regard to the first and second causes



2 of action, there is language in the Scoping Plan that indicates



3 that it merely sets forth non—mandatory recommendations and advice



4 for local agencies to reduce GHG emissions. Also, in Center for



5 Biological Diversity' V. California Dept. of' Fish and Wildlife



6 (2015) 62 Cal.4th 204, the California Supreme Court held that a



7 prior version of the Scoping Plan did not establish regulations



8 for implementing the Legislature’s goals for reducing greenhouse



9 gas emissions. (Id. at p. 222—223.)



10 “The Scoping Plan adopted pursuant to A.B. 32 is a plan for



11 reducing greenhouse gas emissions, but does not itself establish



12 the regulations by which it is to be implemented; rather, it sets



l3 out how existing regulations, and new ones yet to be adopted at



l4 the time of the Scoping Plan, will be used to reach A.B. 32's



15 emission reduction goal.” (Id. at p. 222.)



l6 In light of this language from the California Supreme Court,



l7 it does not appear that plaintiffs have stated any claims for



18 violation of the APA based on the adoption of the new Scoping



l9 Plan. If the Scoping Plan is not a “regulation” for purposes of



20 the APA, then it follows that the CARB was not required to follow



21 the APA’S procedures to adopt the Plan, and their alleged failure



22 to do so does not constitute the basis for a cause of action.



23 Therefore, the court sustains the demurrer to the sixth and tenth



24 causes of action for failure to state facts sufficient to



25 constitute a cause of action. However, the court grants leave to



26 amend the causes of action based on plaintiffs’ counsel’s



27 representation at the hearing that plaintiffs can allege more



28 facts to cure the defect.
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l Eighth Cause of Action: Defendants next demur to the eighth



2 cause of action for Violation of Health and Safety Code section



3 39000 and the California Clean Air Act; They contend that



4 plaintiffs’ allegation that thé Plan proposes to “intentionally



5 increase congestion” is untrue, and is contradicted by the Scoping



6 Plan itself, which contains no language indicating that the Plan



k.
7 intends to increase congestion. They‘ also argue that the



8 strategies set forth in the Plan to reduce VMT’s will actually



9 result in reduced emissions, which is consistent with the goals of



10 the Clean Air Act, and that plaintiffs never allege that the VMT



ll reduction strategy would result in increased. emissions of



12 pollutants.



l3
_



However, plaintiffs do allege that “the VMT reduction



l4 requirements in the 2017 Scoping Plan will result in increased



15 congestién in California.” (Complaint, fl 342.) They also allege



l6 that “increasing congestion- increases emissions of multiple



l7 pollutants including NOx, CO, and PM. This would increase ozone



l8 and inhibit California’s ability to‘ meet the CAAQs [California



l9 Ambient Air Quality Standards] .for ozone, N02, and PM, among



20 others.” (Id. at fl 343.) Thus, plaintiffs allege that CARB is



21 Violating its statutory duty to ensure that every reasonable



22 action .is taken.'to expeditiously achieve 'the attainment 13f the



23 CAAQS. (Id. at fl 344.)



24 Also, while defendants contend that the Scoping Plan has no



25 language indicating a deliberate attempt to increase congestion,



26 plaintiffs have alleged that the VMS limitation strategy will have



27 the effect of increasing congestion by limiting construction of



28 new roads and traffic lanes. (Complaint, fl 52.) Thus, plaintiffs
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l have sufficiently alleged that CARB has violated the Clean Air Act



2 by adopting the Scoping Plan. The issue of whether plaintiffs’



3 interpretation of the Scoping Plan’s effect on emissions is true



4 and correct cannot be resolved on demurrer, and must be determined



5 at a later time. As a result, the court overrules the demurrer to



6 the eighth cause of action.



7 Ninth Cause of Action: Plaintiffs do not contest the demurrer



8 to the ninth cause of action, and thus they concede that it should



9 be sustained. As a result, the court sustains the demurrer to the



10 ninth cause of action, without leave to amend.



ll Eleventh Cause of Action: Finally, defendants demur to the



12 eleventh cause of action for ultra Vires agency action. Again,



l3 defendants contend that the Scoping Plan cannot constitute an



14 ultra vires action, because it is expressly non—binding and only



15 makes recommendations, which is well within CARB’s authority under



l6 AB 32 to make recommendatibns to reduce GHG emissions. However,



l7 plaintiffs have alleged that the Scoping Plan sets forth



18 requirements that are beyond CARB’s statutory authority, including



19 the. “net zero” GHG threshold, the 2050 GHG emission reduction



20 goal, the VMT reduction requirements, and the “net zero” new house



21 building standards. (Complaint, flfl 369—385.)



22 While much of the language in the Scoping Plan appears to



23/ support the CARB’s interpretation that the Plan only sets forth



24 non—binding advice and recommendations'for reducing GHG emissions,



25 there is also some language that seems to. support plaintiffs)



26 position. For example, the Plan states that, “The [California



27 Supreme] Court also recognized that GHG determinations in CEQA



28 should be consistent with the statewide Scoping Plan goals, and
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l that CEQA documents taking a goal—consistency approach may soon



2 need to consider a project's effects on meeting the State‘s longer



3 term post—2020 goals.” (Scoping Plan, p. 101, citing Center for



4 Biological Diversity 'v. California Dept. of" Fish and Wildlife,



5 supra, 62 Cal.4th at pp. 229—230.) This language seems to imply



6 that the Plan’s goals may be more than simply recommendations, and



7 may constitute mandatory standards. Thus, the court finds that



8 plaintiffs have adequately alleged their eleventh cause of action



9 and therefore the court overrules the demurrer to that claim.



10 III.



ll \Disposition



12 The demurrer is sustained in part and overruled in part, as



l3 discussed in detail above. Plaintiffs shall file their first



l4 amended complaint by November 23, 2018. It is so ordered.



15
'



l6 r» DATED this Zé day of October, 2018.
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Ju ge f the Superior Court
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Abstract



Numerous reports have emphasized the need for major changes in the global food



system: agriculture must meet the twin challenge of feeding a growing population, with



rising demand for meat and high-calorie diets, while simultaneously minimizing its



global environmental impacts . Organic farming—a system aimed at producing food



with minimal harm to ecosystems, animals or humans—is often proposed as a



solution . However, critics argue that organic agriculture may have lower yields and



would therefore need more land to produce the same amount of food as conventional



farms, resulting in more widespread deforestation and biodiversity loss, and thus



undermining the environmental benefits of organic practices . Here we use a



comprehensive meta-analysis to examine the relative yield performance of organic and



conventional farming systems globally. Our analysis of available data shows that,



overall, organic yields are typically lower than conventional yields. But these yield



differences are highly contextual, depending on system and site characteristics, and



range from 5% lower organic yields (rain-fed legumes and perennials on weak-acidic to



weak-alkaline soils), 13% lower yields (when best organic practices are used), to 34%



lower yields (when the conventional and organic systems are most comparable). Under



certain conditions—that is, with good management practices, particular crop types and



View all journals Search Login



Content About Publish Sign up for alerts RSS feed



1,2



3,4



5





https://www.nature.com/


https://www.nature.com/articles/nature11069/metrics


https://www.nature.com/


https://www.nature.com/siteindex


javascript:;


https://idp.nature.com/authorize/natureuser?client_id=grover&redirect_uri=https%3A%2F%2Fwww.nature.com%2Farticles%2Fnature11069


javascript:;


javascript:;


javascript:;


https://www.nature.com/my-account/alerts/subscribe-journal?list-id=1


http://feeds.nature.com/nature/rss/current








growing conditions—organic systems can thus nearly match conventional yields,



whereas under others it at present cannot. To establish organic agriculture as an



important tool in sustainable food production, the factors limiting organic yields need



to be more fully understood, alongside assessments of the many social, environmental



and economic benefits of organic farming systems.
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We reviewed recent literature to identify the positive and negative effects of thinning on both stand- and tree-
level resistance and resilience to four stressors that are expected to increase in frequency and/or severity due
to global change: (1) drought, (2) fire, (3) insects and pathogens, and (4) wind. There is strong evidence that
thinning, particularly heavy thinning, reduces the impact of drought and also the risk and severity of fire when
harvest slash is burned or removed. Thinning also increases the growth and vigor of residual trees, making
them less susceptible to eruptive insects and pathogens, while targeted removal of host species, susceptible
individuals and infected trees can slow the spread of outbreaks. However, the evidence that thinning has
consistent positive effects is limited to a few insects and pathogens, and negative effects on root rot infection
severity were also reported. At this point, our review reveals insufficient evidence from rigorous experiments
to draw general conclusions. Although thinning initially increases the risk of windthrow, there is good evidence
that thinning young stands reduces the long-term risk by promoting the development of structural roots and
favouring the acclimation of trees to high wind loads. While our review suggests that thinning should not
be promoted as a tool that will universally increase the resistance and resilience of forests, current evidence
suggests that thinning could still be an effective tool to reduce forest vulnerability to several stressors, creating
a window of opportunity to implement longer term adaptive management strategies such as assisted migration.
We highlight knowledge gaps that should be targeted by future research to assess the potential contribution of
thinning to adaptive forest management. One of these gaps is that studies from boreal and tropical regions are
drastically underrepresented, with almost no studies conducted in Asia and the southern hemisphere. Empirical
evidence from these regions is urgently needed to allow broader-scale conclusions.



Introduction
In addition to anthropogenic disturbances, forest ecosystems
are shaped by abiotic stressors such as drought, fire and wind, as
well as biotic stressors such as insects, and pathogens. While
natural disturbances help maintain the natural equilibria of
forests by creating heterogeneous landscapes and promoting
species diversity (Thom and Seidl, 2016; Buma and Schultz,
2020), global change is accelerating many of these disturbances
and threatening the provision of forest ecosystem services (Millar
and Stephenson, 2015; Trumbore et al., 2015; Wingfield et al.,
2015; Anderegg et al., 2020). An increase in the frequency and
severity of droughts has accelerated tree mortality in many
regions of the world, resulting in broad-scale forest die-off (Dai,
2012; Allen et al., 2015). Climate and land-use changes are



altering fire regimes in many forest ecosystems, leading to a
generalized increase in the frequency and severity of wildfires
and of burned area (Hood and Kimberley, 2009; Andela et al.,
2017; Príncipe et al., 2017; Piqué and Domènech, 2018). Recent
research also suggests that wind damage will increase in many
forest ecosystems due to increases in the frequency and severity
of windstorms, as well as shifts in storm tracks towards forests
that are not adapted to strong winds (Bengtsson et al., 2006;
Kamimura et al., 2017). Global warming is also amplifying the
outbreaks of eruptive insects and pathogens and allowing them
to extend their ranges into forests poorly adapted to them
(Battisti et al., 2005; Robinet and Roques, 2010; Klapwijk et al.,
2012; Wingfield et al., 2017).



Positive feedback between stressors often compounds the
impact of multiple disturbances. Examples of interactions
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between drought, fire, wind, and eruptive insects are numerous
and diverse. For example, drought conditions reduce tree vigour,
which in turn increases the vulnerability of trees to invasive insect
outbreaks (Scheller et al., 2018). Drought-induced mortality is
also known to increase the risks of severe fire by increasing the
accumulation of dry and dead fuels (Jactel et al., 2009). Similarly,
wind damage can increase fire risks (Woodall and Nagel, 2007)
and trigger severe insect outbreaks by providing suitable breeding
environments (Stadelmann et al., 2013; Kärvemo et al., 2014).
Conversely, stand degradation by severe fires may subsequently
exacerbate wind damage in tropical forests (Silvério et al., 2019).



Many uncertainties exist when predicting the influence of
climate change on forest ecosystems, ranging from the future
extent of climate change to the geographical and temporal vari-
ability of expected impacts. In this context, most adaptation
models for ecosystem management advise for applying a portfo-
lio of choices (Aplet and McKinley, 2017; Dudney et al., 2018; Roy-
er-Tardif et al., 2021). Notably, the intensification and interaction
of disturbances call for the development of forest management
strategies that increase resistance (the ability to resist change;
Millar et al., 2007) and resilience (the ability to both accommo-
date change and return to prior conditions; Millar et al., 2007)
to multiple stressors, with a focus on finding opportunities to
manage them as one global threat (Jactel et al., 2017; Scheller
et al., 2018; Roberts et al., 2020). One such strategy is thinning,
which is commonly used to control the density, structure and
species composition of stands. By removing a portion of the
wood volume, and pre-empting natural mortality (Curtis et al.,
1997; Zeide, 2001; Thiffault et al., 2021), thinning alters the
competitive environment of the stand and redistributes access
to site resources (light, nutrients and water) among the residual
trees (Bréda et al., 1995; Medhurst et al., 2002; Moreau et al.,
2020). In terms of wood production, the objectives of thinning
are diverse but may be summarized as maintaining stand yield
while improving the growth and vigour of individual stems, which
can increase the value of processed products at maturity and/or
reduce rotation age. Thinning can be carried out in different
ways that have been described in detail in silvicultural textbooks
(Daniel et al., 1979; Smith et al., 1997; Nyland et al., 2016).
Based on these descriptions and on the thinning types mentioned
in the studies included in this review, we may broadly classify
thinning as follows: thinning from above (high thinning) removes
the largest trees in the diameter distribution; thinning from below
(low thinning) removes the smallest trees in the diameter distri-
bution; and sanitation thinning (improvement thinning) in which
the objective is to remove trees affected by insects and diseases
and/or defects to improve both the vigour and timber quality
of the residual stand. Selective thinning (crown thinning, crop
tree thinning, which removes the strongest competitors of the
dominant crop trees) and systematic thinning (or row thinning,
consists of removing whole rows of trees, without specifically
favouring large or small trees) have also been defined in text-
books but were not mentioned in any of the studies included
in this review. It is also recognized that high, low, and selective
thinnings can be combined with systematic thinning; this allows
cost savings associated with systematic thinning to be combined
with the selection for vigorous trees with good form.



In addition to achieving production objectives, thinning has
also been reported to reduce the negative impacts of drought,



as stand density reduction can increase water availability to
residual trees (Sohn et al., 2016). By removing trees likely to suffer
from competition-induced mortality, thinning treatments may
also reduce fuel accumulation rate and reduce fire hazard (Kalies
and Yocom Kent, 2016). In stands affected by organisms with
invasive behaviour, thinning may increase the growth rate and
vigour of residual trees, thereby limiting losses of productivity and
increasing resilience (Hood and Sala, 2016). However, thinned
stands may also be more susceptible to root rot infections (Piri
and Korhonen, 2008; Hood and Kimberley, 2009), some defoliator
insects (Fajvan et al., 2008) or wind damage (Gardiner et al.,
2013). These findings suggest the existence of potential trade-
offs, whereby the reduction of risk from one stressor may increase
vulnerability to another stressor. Despite this, recent reviews on
adaptive management options have mainly focused on a single
stressor (e.g. Sohn et al. (2016) for drought; Kalies and Yocom
Kent (2016) for fire hazard; Roberts et al. (2020) for invasive
organisms and Gardiner (2021) for wind risks). Consequently, it
is difficult to draw general conclusions from the literature about
the potential of thinning to increase the overall resistance and
resilience of forests to global change.



In this study, our objective was to review recent research on
the efficacy and limitations of thinning as a means of increasing
resistance and resilience to multiple stressors, with a view to
facilitating the adaptation of forests to global change. We aimed
to identify publications that directly assessed the positive or
negative effects of thinning on both stand- and tree-level resis-
tance and resilience to four main stressors that are expected to
increase in frequency and/or severity in a near future. This process
highlighted both recent progress and gaps in current knowledge
that should be targeted by future research to assess the potential
of thinning to enable existing stands to better persist under global
change, in support of the broader effort to develop adaptive
forest management practices.



Methods
We have structured our review around the following four main
stressors: (1) drought, (2) fire, (3) insects and pathogens, and (4)
wind. Because our work aimed to bring up-to-date information on
the topic by emphasizing interesting and important new findings,
we mainly concentrated our research on the recent literature
published in the last decade. Major and pioneering works pub-
lished before 2010 were also included in the review to provide
a longer term perspective to our synthesis. To be included in
this review, studies had to meet the following criteria: (1) they
permitted a comparison between thinned and un-thinned stands
(included a control treatment); and (2) the effects of thinning on
forest resistance and/or resilience was directly assessed through
quantitative indices, such as growth indices and mortality rate,
damage severity and frequency, or vulnerability indices. Results
from empirical studies carried out under field conditions and for
which stressors had taken place during the study period were
prioritized and considered as providing the strongest evidence. In
accordance with these criteria, we used the following keywords to
identify relevant peer-reviewed literature: ‘thinning’ + ‘resistance’
and/or ‘resilience’ + each of the main stressors. Our research was
complemented by a combination of additional relevant keywords
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specific to each stressor of interest, such as ‘growth’, ‘mortality’
and ‘water use efficiency’ for drought, ‘severity’, ‘damage’, ‘risk’
and ‘hazard’ for fire and wind, and ‘infestation’ for insects and
pathogens. Google Scholar was used as our main search engine
and Web of Science (Clarivate, London, UK) was also used to
check and complement our literature research. Once the queries
were completed, an initial check of the title and abstract of
several hundred papers allowed us to exclude irrelevant studies.
Overall, we identified about 100 recent publications that directly
assessed the positive or negative effects of thinning on both
stand- and tree-level resistance and resilience to the four stres-
sors of interest.



Results
Drought
There is considerable evidence that reducing stand density by
thinning is effective at increasing growth and reducing mortality
under drought conditions (Table 1). Positive effects have been
observed in a wide range of biomes (Figure 1): for example in
temperate (Wang et al., 2019), subtropical (Bottero et al., 2017a;
Navarro-Cerrillo et al., 2019) and tropical (Sinacore et al., 2019);
in xeric and hydric sites (Elkin et al., 2015; Trouvé et al., 2017;
van Mantgem et al., 2020); in different stand structures (Jones
et al., 2019), with trees of different sizes (Calev et al., 2016;
Trouvé et al., 2017; Vernon et al., 2018; Wang et al., 2019); and
in a wide range of stand compositions (Dănescu et al., 2018),
with broadleaf and coniferous species varying in shade tolerance
(Sohn et al., 2016; Wang et al., 2019; Low et al., 2021). Overall,
the positive effects increase with thinning intensity, with heavy
thinning (removing more than 40 per cent of basal area (BA))
being most effective (Calev et al., 2016; Sohn et al., 2016; Aldea
et al., 2017; Trouvé et al., 2017; Cabon et al., 2018; Navarro-Cerrillo
et al., 2019; Steckel et al., 2020; Zamora-Pereira et al., 2021). In
some cases, removing less than 30 per cent of BA appears to have
no measurable effect on the response of trees to drought (Cabon
et al., 2018; Bello et al., 2019).



The positive effects of a single thinning treatment tend to
decrease over time, becoming negligible within 20–40 years
(Elkin et al., 2015; Ameztegui et al., 2017; Cabon et al., 2018). At
these time scales, initially positive effects can even be reversed
as stands mature, resulting in higher vulnerability for thinned
stands (D’Amato et al., 2013; Mausolf et al., 2018; Bottero et al.,
2021). Such a reversal of effect has been attributed to long-term
responses of crown architecture to thinning, resulting in higher
leaf/sapwood area ratios for trees released from competition
(D’Amato et al., 2013; Mausolf et al., 2018). Higher leaf area in
larger trees often results in increased water demand, which can
increase the vulnerability of the released trees to later drought
events (D’Amato et al., 2013; Mausolf et al., 2018; Bottero et al.,
2021). These results are in line with those of Seidl et al. (2017)
and Sohn et al. (2016) that reported a general decreasing benefit
of thinning with increasing stand age.



While numerous studies have shown that thinning was effec-
tive at reducing the short-term impacts of drought, the factors
and processes responsible for its success remain unclear and
are often contradictory among recent studies. At the regional
scale, studies from boreal and tropical regions were drastically



underrepresented in the recent literature (Sohn et al., 2016). This
is particularly true for tropical regions, where density reduction
through thinning showed only weak effects on forest resistance
and resilience (Shenkin et al., 2018; Sinacore et al., 2019). Thus,
the lack of studies prevents us from reaching any general conclu-
sion on the potential effect of thinning on the response of tropical
forests to drought.



At the site scale, aridity due to soil water availability or micro-
topography was commonly examined as a factor contributing
to the resistance and resilience to drought (e.g. Sohn et al.,
2016; Ameztegui et al., 2017; Diaconu et al., 2017). While several
studies have described a decreasing positive effect of thinning
with increasing site aridity (Elkin et al., 2015; Ruzicka Jr. et al.,
2017; Restaino et al., 2019), others found the inverse relation-
ship (Ameztegui et al., 2017; Diaconu et al., 2017; Trouvé et al.,
2017; Steckel et al., 2020). Here, two processes appear to be
involved: on the one hand, species that are currently near their
physiological limits on dry sites may be highly vulnerable to
increasing water limitations, and thinning may not be sufficient
to enhance their resistance and resilience during severe droughts
(Elkin et al., 2015); on the other hand, individual acclimation and
cross-generation adaptation of trees to water limitations may
imply that trees growing in drier conditions are less vulnerable to
severe drought events, which allows them to respond positively
to reduced neighbourhood competition (Trouvé et al., 2017).
Again, further research is needed to clarify the mechanisms
involved in the response of the residual trees to thinning when
affected by drought (Trouvé et al., 2017).



At the stand scale, density reduction proved to be effective at
mitigating drought impacts on growth, but very few studies have
looked at how changes in structural and species diversity created
by different thinning methods influence forest growth responses
to drought (Dănescu et al., 2018; Jones et al., 2019; Comeau,
2021). While increasing structural diversity through thinning was
related to an increasing stand resistance and resilience in a
red pine (Pinus resinosa Ait.) monoculture (Jones et al., 2019),
the effect of both structural and species diversity was weak
and inconclusive in both mixed Picea-Abies stands (Dănescu
et al., 2018) and mixed Quercus-Pinus stands (Bello et al.,
2019). Indeed, thinning offers the opportunity to shift species
composition of mixed stands towards more drought-adapted
species to improve overall stand resistance and resilience.
However, more results from experimental studies are needed
to confirm the benefits of such approaches.



At the tree scale, growth responses to drought following thin-
ning appear to be largely species-specific (Sohn et al., 2016;
Aldea et al., 2017; Cardil et al., 2018; Vernon et al., 2018; Steckel
et al., 2020). A meta-analysis has concluded that the adaptation
potential of thinning differs between conifers and broadleaves,
where thinning enhances the resistance of broadleaves and the
resilience of conifers (Sohn et al., 2016). Since then, recent studies
tend to suggest that thinning may or may not increase the
resistance and the resilience of both conifers and broadleaves
(e.g. Aldea et al., 2017; Diaconu et al., 2017; Lechuga et al., 2017;
Cardil et al., 2018; Dănescu et al., 2018; Ogaya et al., 2019; Steckel
et al., 2020; van Mantgem et al., 2020) and that the magnitude
of the effect might be partly explained by the species-specific
sensitivity to local climate, in such way that higher climate sen-
sitivity increases the potential to reduce drought susceptibility
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Opportunities and limitations of thinning to increase resistance and resilience of trees and forests to global change



Figure 1 Effect of thinning on the response of forest stands to different stressors. See Tables 1–4 for detailed information for each study. Weak negative
and positive effects refer to no effect to negative response (0/− in the Tables) or no effect to positive response (0/+), while unclear responses refer to
null (0) or inconclusive effect (+/−). Reviews and meta-analyses with broad geographical extent are not included in the maps.



(Steckel et al., 2020). A better understanding of the physiological
process responsible for species-specific adaptive potential follow-
ing thinning should be a research priority in the near future. Lastly,
due to the scarcity of long-term monitoring of thinning experi-
ments, the potential reversal from positive to negative as stands
age remains insufficiently documented, and the factors respon-
sible for this reversal effect are poorly understood. Because of
the important management implication of such reversal effects,
additional monitoring of drought vulnerability over long-periods
following thinning is urgently needed.



Fire
There is strong evidence that thinning reduces the risk and sever-
ity of fire when harvest slash is burned or removed and also
that thinning is also effective even if harvest slash is left in place
(Table 2). These positive effects increase with the intensity of
thinning (Collins et al., 2014; Palmero-Iniesta et al., 2017; Hevia
et al., 2018; Tardós et al., 2019), and particularly, when it is
applied to suppressed and subdominant individuals (i.e. thinning
from below rather than thinning from above) (Collins et al., 2014).
Overall, in the long-term, thinning reduces the risk and severity
of fire by reducing fuel loads and disrupting fuel continuity in the
stand (Safford et al., 2012; Prichard and Kennedy, 2014; Thomas
and Waring, 2015). In contrast, the accumulation of harvest



slash and the quick colonization by shade-intolerant species may
increase surface fuels and, therefore, the risk and severity of
fire in the short-term (Kalies and Yocom Kent, 2016; Madrigal
et al., 2017; Arellano-Pérez et al., 2020; Banerjee, 2020; Taylor
et al., 2021). Thus, harvest slash is often burned or removed,
and thinning is generally considered to be most effective when
combined with short-term fuel treatments (Safford et al., 2012;
Collins et al., 2014; Kalies and Yocom Kent, 2016; Piqué and
Domènech, 2018; Volkova and Weston, 2019; Stoddard et al.,
2021). The benefits of thinning to promote forest resistance to
fire have been documented in a large amount of recent research
and corroborated by previous syntheses (e.g. Martinson and Omi,
2013; Collins et al., 2014; Kalies and Yocom Kent, 2016). Studies
are, however, restricted to temperate and subtropical biomes
(Figure 1). Besides the direct effects on stand structure, thinning
can be used to promote the abundance of fire-resistant species,
which improves the magnitude and longevity of the treatment
effects (Jain et al., 2020). Moreover, treatments appear to be
more effective in coniferous than broadleaved forests, which is
mostly explained by the difference in fuel accumulation rates
(Martinson and Omi, 2013; Kalies and Yocom Kent, 2016). Indeed,
a key factor determining the duration of the effect is the fuel
decomposition and accumulation rates in the years following
treatment, which is directly related to forest productivity and
local climate (Barnett et al., 2016; Palmero-Iniesta et al., 2017).
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Generally, treatment effects only last 20–30 years, even in conifer
forests composed of fire-resistant species (Barnett et al., 2016;
Jain et al., 2020).



While recent simulation-based studies provide important
insights into the potential effect of fuel treatment on fire
behaviour and severity, more experimental studies are needed
to confirm these results, particularly regarding the long-term
effects of fuel treatments and the relationship between dead
fuel dynamics and fire behaviour (Palmero-Iniesta et al., 2017).
Process-based models should also be designed to simulate
the effect of thinning on the micrometeorological conditions
that limit fire (Banerjee, 2020). It is generally recognized that
canopy opening increases windflow, solar radiation, and near-
surface temperature (Russell et al., 2018), potentially reducing
canopy fuel moisture and influencing fire behaviour (Banerjee,
2020). However, it remains poorly understood how fuel moisture
is influenced by the micrometeorological changes brought on
by thinning. Lastly, fuel properties and accumulation rates are
directly affected by local climate, which could evolve rapidly
as climate change continues to accelerate. A future research
priority should be to better understand the impact of climate on
fuel properties and accumulation rates following thinning. Such
knowledge could constitute a first step towards improving future
fire behaviour under projected climatic scenarios.



Insect and pathogen outbreaks
Thinning can mitigate the impact of insect and pathogen out-
breaks (Table 3) by (1) increasing the overall diversity and even-
ness of species while reducing the density of host species, (2)
reducing connectivity by ensuring that the residual host trees
are dispersed among other species and/or separated by other
barriers to spread, and (3) reducing host susceptibility by retain-
ing vigorous trees with favourable traits and growing conditions,
and maintaining genetic diversity where possible (see Figure 1 in
Prospero and Cleary, 2017). Furthermore, canopy opening may
allow for beneficial change in the microclimate such as increased
air movement, lower humidity, and higher light penetration, all
of which have been shown to reduce the development of some
eruptive organisms (Ellis et al., 2010; Ferchaw et al., 2013; Brant-
ley et al., 2017). However, the effectiveness of these approaches
remains mostly theoretical, as they have not been sufficiently
tested to draw solid conclusions.



Yet, a few rigorous experiments have been conducted in
recent years, showing that thinning significantly reduced the neg-
ative effects of different insect outbreaks, such as bark beetles
(Stadelmann et al., 2013; Hood and Sala, 2016; Negrón et al.,
2017; Scheller et al., 2018; Steel et al., 2021; Morris et al., 2022),
woodwasps (Dodds et al., 2014) and gypsy moths (Fajvan and
Gottschalk, 2012). Thinning was also effective in mitigating the
spread of diseases and infections, such as the Dutch elm disease
caused by the fungus Ophiostoma ulmi (Ganley and Bulman,
2016; Menkis et al., 2016), Dothistroma needle blight caused
by the fungus Dothistroma septosporum (Bulman et al., 2013;
Bulman et al., 2016), western gall rust caused by the fungus
Endocronartium harknessii (Roach et al., 2015) and to improve
overall forest growth of pine plantations affected by armillaria
root disease caused by the fungus Armillaria mellea (Hood and
Kimberley, 2009). However, other experiments have reported



inconclusive evidence for effects on various defoliators (Fajvan
et al., 2008; Régolini et al., 2014). More importantly, a significant
effect of thinning on root rot infection severity was reported,
which was mainly attributed to resulting stumps and mechan-
ical damage on the stems and roots of residual trees (Oliva
et al., 2010). In the case of root rot infections, complementary
stump chemical or biological treatments or direct stump removal
showed great potential to reduce pathogen incidence (Oliva et al.,
2010).



Overall, even if recent work is scarce and provides incom-
plete information, there is growing evidence that thinning is a
potential solution to promote forest resistance and resilience to
some eruptive organisms by increasing growth rate and vigour of
potential hosts (Muzika, 2017; Roberts et al., 2020). Over the long-
term, repeated thinning treatments may have positive legacy
effects in shaping post-outbreak successional trajectories (Morris
et al., 2022). Current knowledge also suggests that the direct
removal of infested trees through thinning may contribute to
slowing spread and development in infected stands (Roberts
et al., 2020), although the magnitude of the effects and the
processes responsible for its success are still poorly understood.



Our review of the recently published literature revealed insuf-
ficient evidence from rigorous experiments to draw general con-
clusions about the potential of thinning to reduce forest vul-
nerability to eruptive organisms. Moreover, while a few reviews
have investigated the potential of thinning in that context from
a worldwide perspective (Bulman et al., 2016; Muzika, 2017;
Roberts et al., 2020), the majority have been conducted in the
temperate or subtropical biomes with one exception found in the
boreal forest (Figure 1; Table 3). The limited number of studies
that reported a consistent positive effect of the treatment were
specific to a few insects (i.e. mostly bark beetle outbreaks) or
diseases (i.e. mostly red band needle blight). Because failures
are often not reported in the scientific literature, general trends
from such a limited number of experiments must be interpreted
carefully (Six et al., 2014). Further research on a wider range of
insects, pathogens and hosts is needed to assess the effects
of increasing host diversity, connectivity, and susceptibility on
forest resilience. The life history and population dynamics of
eruptive organisms vary tremendously, so the efficacy of thinning
will surely vary just as much. Yet, a refined understanding of
the effects of host abundance, diversity, and connectivity on
eruption dynamics should help identify thresholds to be targeted
by thinning, such as maintaining a given proportion of non-host
or less susceptible tree species in threatened stands (Prospero
and Cleary, 2017). Still, exacerbated invasions of exotic pests
(insects and pathogens) driven by future climate conditions and
globalization are difficult to predict and anticipate, leading to
great uncertainty to define adequate management practices.



Wind
The effect of thinning on the risk of wind damage (i.e. stem
breakage or tree uprooting) (Table 4) is the result of complex
interactions, mostly driven by stand age, tree height, the timing
of thinning and its intensity (Gardiner et al., 2013). By remov-
ing a part of the canopy, thinning immediately reduces stand
stability by increasing the wind load on residual trees, which
in turn increases their vulnerability to wind and storm damage
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(Gardiner et al., 2013). The period of higher vulnerability is esti-
mated to last from 2 to 10 years after thinning, before tree stems
and root systems have adapted to the new wind regime and
before crown growth leads to complete canopy closure (Albrecht
et al., 2012; Hanewinkel et al., 2014; Pukkala et al., 2016). The
negative effect of thinning on the short-term vulnerability to
wind damage increases with stand age and tree height, with
heavy thinning performed in the late stages of a rotation leading
to the highest increase in risk (Gardiner et al., 2013; Pukkala
et al., 2016). In dense, mature stands composed of trees with
high height-to-diameter ratios or low stem taper, even light
to moderate thinning can increase the risk of storm and wind
damage (Albrecht et al., 2012; Albrecht et al., 2015). Conversely,
there is good evidence that pre-commercial and commercial
thinning performed at an early stand age reduces vulnerability
to wind damage by promoting the development of structural
roots and more tapered stems (Achim et al., 2005; Subramanian
et al., 2016; Kamimura et al., 2017; Novák et al., 2017; Torita and
Masaka, 2020). In young stands, moderate to heavy thinning only
slightly affects the overall risk of wind damage over a short period
so that the subsequent gain in stability may ultimately lead to a
reduction of stand vulnerability over the full lifetime of the stand
(Gardiner et al., 2013).



In recent years, research has focused on post-storm empirical
studies, which have the disadvantage of being specific to a single
event. Moreover, they are mostly restricted to the temperate
and boreal biomes (Figure 1). To obtain a broader understanding
of the underlying processes involved in this disturbance, key
research efforts have been dedicated to the development of
process-based models of wind and tree interactions. This allows
for simulations of the impacts of different types of treatments
on the risk of wind damage for different types of forests. While
there are still several limitations that affect model accuracy and
the capacity to extrapolate results (Byrne and Mitchell, 2013;
Kamimura et al., 2017; Díaz-Yáñez et al., 2019; Torita and Masaka,
2020; Duperat et al., 2021), these simulation-based studies have
brought important insights on the critical factors related to wind
damage after thinning. Among these, an improved understand-
ing of the factors facilitating the acclimation of trees to their
wind loading situation is key (Hale et al., 2010; Bonnesoeur et al.,
2016; Dèfossez et al., 2022). In general, dominant trees are
known to be better acclimated to high wind loading than the
more slender subdominant or oppressed stems (Kamimura et al.,
2008; Novák et al., 2017). Thinning is therefore likely to induce a
larger difference in wind loading for the residual subdominant or
oppressed trees. Because of their smaller crowns, the adaptive
growth response to the new conditions may also be delayed,
which could have the consequence of increasing their risk of wind
damage. No clear empirical evidence is available, however, to
confirm such an increased risk of wind damage among the most
slender residual stems immediately thinning.



Both modelling and empirical results have suggested that the
presence of understory vegetation could reduce the vulnerability
of wind damage in dominant trees (Lavoie et al., 2012). During a
windstorm, the absence of understory vegetation may increase
the subcanopy windflow, which would concentrate momentum
absorption in the canopy and increase the wind loading on the
taller trees. Avoiding the removal of subcanopy vegetation during
thinning operations may thus help mitigate the initial negative



effect of the treatment on stand stability, although no empirical
evidence is yet available to confirm this. Because maintaining
subcanopy vegetation may also have negative consequences
with respect to fire risk, such an approach should be avoided in
regions where fire is also an important stressor.



Another important factor determining how thinning may
affect stand risk to wind damage is its effect on species
composition. Indeed, characteristics that influence resistance to
wind forces such as average crown size and density, root system
architecture and anchorage, wood stiffness and strength all vary
among tree species (Hanewinkel et al., 2014; Albrecht et al.,
2015; Morimoto et al., 2019). In general, conifers are considered
to be more vulnerable than broadleaves, but some exceptions
exist (see Table 1 in Gardiner et al., 2013). While thinning could
be used as a tool to shift species composition of mixed stands
towards more wind-adapted species to improve stand resistance
and resilience, recent findings show that changes in structural
and species diversity created by different thinning treatments
only have a weak and marginal effect on tree damage in mixed
longleaf pine-hardwoods stands (Bigelow et al., 2021). Thus,
further results from experimental studies are still needed to
confirm the benefits of such an approach. Lastly, to a lesser
extent, site-specific characteristics such as stand exposition to
dominant winds and the slope of the terrain have been shown
to potentially alter the relationship between thinning and the
vulnerability to wind damage (Kamimura et al., 2008; Hanewinkel
et al., 2014).



Perspectives and concluding remarks
Drawing general conclusions to best inform forest management
in the face of a diversity of (and likely, increasing pressure from)
future stressors is challenging. In this context, we have reviewed
the recent research pertaining to the opportunities and limita-
tions offered by stand density management through thinning—
one of the most common silvicultural treatments applied world-
wide—to enhance forest resistance and resilience to multiple
stressors associated with global change. Climate-smart adaptive
forest management should address disturbances not as inde-
pendent agents of change, but rather as synergistic modifying-
agents to be managed concomitantly while focusing on oppor-
tunities to achieve multiple goals (Scheller et al., 2018). However,
to date, studies on the effects of thinning have mostly considered
either single or a small number of disturbances. Our literature
survey also revealed that studies from boreal and tropical regions
are drastically underrepresented, with almost no studies con-
ducted in Asia or the southern hemisphere. Therefore, in many
regions, forest managers lack strong evidence to identify prac-
tices that will promote forest resilience against multiple expected
and unexpected threats in the future (Roberts et al., 2020).



For temperate, mediterranean, and subtropical ecosystems,
our work revealed strong evidence that thinning may promote
forest resistance and resilience to multiple individual distur-
bances by altering forest structure to favour the growth and
vigour of the residual trees and promoting the abundance of
species well adapted to future perturbations (Table 5). More
particularly, heavy thinning (removing more than 40 per cent
of BA) can be effective at mitigating the impact of drought
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Opportunities and limitations of thinning to increase resistance and resilience of trees and forests to global change



conditions. When complemented by understory clearing and
slash burning, heavy thinning is also highly effective at reducing
the frequency and severity of fire. We have identified a large
number of research studies supporting these effects, which
highlight this approach as a good opportunity for using a single
management tool for meeting multiple objectives in forests
that are threatened by both drought and fire. In cases where
stands are also threatened by potential insect and pathogen
outbreaks, thinning treatments also offer great potential at
limiting the overall risk at the stand level by increasing the
growth rates and vigour of potential hosts through density
reduction, and by slowing the spread and development of
eruptive organisms by direct removal of infected individuals.
Regarding root rot infections, complementary stump treatments
may be necessary to avoid further infection. Consistent positive
effects of thinning at reducing forest vulnerability to invasive
organisms are, however, limited to few insects and pathogens.
Therefore, our review reveals insufficient evidence from rigorous
experiments to draw general conclusions at this point.



Removing part of the canopy through thinning temporar-
ily increases the risk of wind damage to residual trees, which
represent the main limitations of the treatment for increasing
overall forest resistance to multiple hazards. Because the neg-
ative effects of thinning on short-term wind damage vulnera-
bility increase with stand age and tree height, heavy thinning
performed at late stand development stages without previous
treatments should be avoided in areas where the risk of wind
damage is high. However, by promoting the development of
structural roots and favouring lower height to diameter ratios,
pre-commercial and commercial thinning performed at an early
stand age only increase overall windthrow risks slightly over a
short period of time, with the subsequent advantage of poten-
tially reducing vulnerability over the longer term. This appears
to be the case even for heavy thinning when performed at an
early stage, which offers an opportunity to manage stands that
are highly susceptible to windthrow events, but that are also
threatened by additional stressors. For example, forest stands
in windy areas that are threatened by increasing drought and
fire risk could be subjected to heavy thinning followed by slash
burning at an early age, thus increasing their overall resilience to
these multiple stressors. In cases where windstorms are the main
stressor, thinning also offers an opportunity to remove the most
vulnerable trees of a stand, either by favouring windthrow-prone
species or individuals with structural characteristics indicative of
poor anchorage. Thinning is thus a tool that could help improve
or maintain stands composed of any combination of wind-stable,
non-host, fire- and drought-resistant trees in areas where wind,
eruptive organisms, fire or drought is predominant stressors.



Whereas thinning shows great potential for reducing the
negative impacts of several stressors over a short period, our
review revealed that the factors and physiological processes
responsible for its positive effects remain poorly understood.
Moreover, there is an important lack of understanding of the long-
term effects of both single and repeated thinning treatments
on forest resilience and resistance, which drastically limits our
ability to develop long-term adaptive management strategies.
For example, while heavy thinning is beneficial in young stands
under drought conditions, the opposite has also been reported for
mature stands. A wealth of long-term monitoring experiments is



available to help further our collective knowledge on this issue.
Targeted re-measurement programs could be implemented to
gather new information where necessary, so that key insights are
gained on how the long-term responses of forests to changes in
environmental conditions can be modulated by thinning regimes
(Achim et al., 2021). The current evidence assembled in this
review suggests that thinning should not be promoted as a
tool that will universally increase the resistance and resilience of
forests. However, it could still be an effective tool in the short- to
medium-term to reduce forest vulnerability to some stressors,
therefore creating a window of opportunity to implement
longer term adaptive management strategies such as assisted
migration (Bradford and Bell, 2017).



To further our understanding of the effects of thinning on
stand adaptation to global change, a first step should be to
revisit existing thinning trials and studies with the objective of
identifying key stand attributes that can be linked with resistance
and resilience to past forest stressors (Seidl et al., 2017). These
research effort should focus on linking pre-disturbance stand
history and characteristics, such as density, structure and
composition to forest vulnerability to multiple stressors and
their potential interactions (Achim et al., 2021). Thanks to recent
research efforts, results from promising long-term adaptative
silvicultural trials are becoming available (e.g. Bigelow et al.,
2021; Comeau, 2021; Morris et al., 2022; Muller et al., 2021),
although the geographical representation of such trials remains
fairly limited. Increased interactions between scientists and
managers who have developed focused expertise on specific
forest disturbance are paramount so that confounding effects
of multiple stressors on long-term forest dynamics can be
taken into account. In parallel, there is an imperative for new
silvicultural trials that include a variety of thinning treatments,
in which a range of adaptive silvicultural strategies are tested
and compared with respect to multiple stressors. Such trials
would serve as the foundation for comprehensive ecosystem-
specific knowledge, which are essential for silviculturists and
forest managers worldwide (Achim et al., 2021).



Conflict of interest statement
None declared.



Funding
Canadian Wood Fibre Centre of Natural Resources Canada
(NRCan); Silva21 NSERC ALLRP 556265-20; NRCan’s Adapting to
Climate Change Program.



Data Availability
No new data were generated or analysed in support of this
research.



References
Achim, A., Ruel, J.C. and Gardiner, B.A. 2005 Evaluating the effect of
precommercial thinning on the resistance of balsam fir to windthrow
through experimentation, modelling, and development of simple indices.
Can. J. For. Res. 35, 1844–1853.



17



D
ow



nloaded from
 https://academ



ic.oup.com
/forestry/advance-article/doi/10.1093/forestry/cpac010/6561434 by guest on 24 June 2022











Forestry



Achim, A., Moreau, G., Coops, N.C., Axelson, J.N., Barrette, J., Bédard,
S. et al. 2021 The changing culture of silviculture. Forestry cpab047.
https://academic.oup.com/forestry/advance-article/doi/10.1093/fore
stry/cpab047/6427498
Albrecht, A., Hanewinkel, M., Bauhus, J. and Kohnle, U. 2012 How does
silviculture affect storm damage in forests of south-western Germany?
Results from empirical modeling based on long-term observations. Eur. J.
For. Res. 131, 229–247.
Albrecht, A.T., Fortin, M., Kohnle, U. and Ningre, F. 2015 Coupling a tree
growth model with storm damage modeling – conceptual approach and
results of scenario simulations. Environ. Model. Softw. 69, 63–76.
Aldea, J., Bravo, F., Bravo-Oviedo, A., Ruiz-Peinado, R., Rodríguez, F. and
del Río, M. 2017 Thinning enhances the species-specific radial increment
response to drought in Mediterranean pine-oak stands. Agric. For. Meteo-
rol. 237–238, 371–383.
Allen, C.D., Breshears, D.D. and Mcdowell, N.G. 2015 On underestimation
of global vulnerability to tree mortality and forest die-off from hotter
drought in the Anthropocene. Ecosphere 6, 129.
Ameztegui, A., Cabon, A., De Cáceres, M. and Coll, L. 2017 Managing
stand density to enhance the adaptability of scots pine stands to climate
change: a modelling approach. Ecol. Model. 356, 141–150.
Andela, N., Morton, D.C., Giglio, L., Chen, Y., van der Werf, G.R., Kasibhatla,
P.S. et al. 2017 A human-driven decline in global burned area. Science
356, 1356–1362.
Anderegg, W.R.L., Trugman, A.T., Badgley, G., Anderson, C.M., Bartuska, A.,
Ciais, P. et al. 2020 Climate-driven risks to the climate mitigation potential
of forests. Science 368, eaaz7005.
Aplet, G.H. and McKinley, P.S. 2017 A portfolio approach to managing
ecological risks of global change. Ecosyst. Health Sustain. 3, e01261.
Arellano-Pérez, S., Castedo-Dorado, F., Álvarez-González, J.G., Alonso-
Rego, C., Vega, J.A. and Ruiz-González, A.D. 2020 Mid-term effects of a
thin-only treatment on fuel complex, potential fire behaviour and severity
and post-fire soil erosion protection in fast-growing pine plantations. For.
Ecol. Manag. 460, 117895.
Banerjee, T. 2020 Impacts of forest thinning on wildland fire behavior.
Forests 11, 918.
Barnett, K., Parks, S.A., Miller, C. and Naughton, H.T. 2016 Beyond fuel
treatment effectiveness: characterizing interactions between fire and
treatments in the US. Forests 7, 237.
Battisti, A., Stastny, M., Netherer, S., Robinet, C., Schopf, A., Roques, A.
et al. 2005 Expansion of geographic range in the pine processionary moth
caused by increased winter temperatures. Ecol. Appl. 15, 2084–2096.
Bello, J., Vallet, P., Perot, T., Balandier, P., Seigner, V., Perret, S. et al. 2019
How do mixing tree species and stand density affect seasonal radial
growth during drought events? For. Ecol. Manag. 432, 436–445.
Bengtsson, L., Hodges, K.I. and Roeckner, E. 2006 Storm tracks and
climate change. J. Clim. 19, 3518–3543.
Bigelow, S.W., Looney, C.E. and Cannon, J.B. 2021 Hurricane effects on
climate-adaptive silviculture treatments to longleaf pine woodland in
southwestern Georgia, USA. Forestry 94, 395–406.
Bonnesoeur, V., Constant, T., Moulia, B. and Fournier, M. 2016 Forest trees
filter chronic wind-signals to acclimate to high winds. New Phytol. 210,
850–860.
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Executive Summary 
 
 



he oil and gas industry makes a significant 
contribution to the California economy. Extraction, 
production, refining and petroleum products 



manufacturing result in highly tradable products both 
consumed domestically and exported, producing high 
revenues, high wage jobs and significant fiscal revenues 
for all levels of government. 
 
The oil and gas industry is facing a number of challenges 
that include: price volatility; regulatory issues; changes in 
economic growth impacting demand; environmental 
activism; community support; geopolitical unrest; and 
emerging alternative intermittent sources of energy. 
 
In this report, the Institute for Applied Economics of the 
Los Angeles County Economic Development Corporation 
(LAEDC) conducts an industry contribution analysis of 
the oil and gas industry in California in 2017, looks at the 
workforce in the industry and concludes with forward 
industry linkages for oil and gas industries in California in 
2017. The findings are set forth below: 
 



Oil and Gas Industry 
 
Total Economic Contribution 
 
The total economic contribution of the oil and gas 
industry in California, which includes indirect and 
induced activity, is presented in Exhibit ES-1.  
 
These estimates include all segments of the industry; 
upstream, midstream, downstream and industries which 
market the products to end users. Direct employment 
estimates in this report represent activity which would be 
lost to the economy without the presence of the oil and 
gas industry in California. 
 
The oil and gas industry in California: 
 



 Directly employed 152,100 workers statewide, 
which supported an additional 213,860 jobs 
though indirect and induced effects, for a total of 
365,970 jobs in 2017.  



 Generated $152.3 billion in total economic 
output, making up 2.1 percent of California’s 
overall gross state product in 2017.  



 
Exhibit ES-1    
Total Economic Contribution of Oil and Gas Industry 
California 2017    
     
Employment (jobs):   
     Direct 152,100  
     TOTAL  365,970 
     Percent of California Total Employment  1.6% 
     
Labor income ($ millions):   
     Direct $    12,059  
     TOTAL  $    26,148 
    Percent of California Total Labor Income  1.6% 
   
Value added ($ millions):   
     Direct $    35,885  
     TOTAL  $ 59,332 
     Percent of California Total GDP  2.1% 
   
Output ($ millions):   
     Direct $114,881  
     TOTAL  $152,300 
     Percent of California Total Output  3.4% 
   
Source: Estimates by LAEDC   
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 Generated approximately $21.5 billion in state 
and local taxes, including $11 billion in sales tax, 
$7 billion in property taxes, $96 million in 
DOGGR assessments, and $1 billion in income 
taxes. 



 
Employment in the oil and gas industry in California has 
grown in 2016 and 2017, employment in the industry is 6 
percent higher than its prerecession peak. Jobs are 
forecast to increase an additional 1.6 percent over the 
next five years, although the outlook for employment will 
be affected if oil prices drop again/remain low. 
 
In 2017, 174.1 million barrels (bbl.) of crude and 209.3 
billion cubic feet (Bcf.) of natural gas was produced in the 
state. 
 
Total Economic Contribution by Industry 
Segment 
 
Each segment of the oil and gas industry is associated 
with its own distinct set of activities, which ripple 
through the California economy with different 
magnitudes. Exhibit ES-2 shows the distribution of the 
total economic contribution of the oil and gas industry by 
industry segment.  
 



 
 



Characteristics of the Workforce 
 
The industry employs individuals with a broad range of 
characteristics exhibiting notable diversity as shown in 
Exhibits ES-3 and ES-4: 
 



 The workforce is ethnically and racially diverse, 
with 28.1 percent of Hispanic origin, 10.8 
percent Asian, and 6.0 percent black. 



 Men in the workforce outnumber women by 
more than two to one. 



 Almost three-quarters (73 percent) of the 
industry’s workforce is in its prime working 
age—between 22 years and 54 years of age, 
although workers aged 55 years and older 
accounted for 26.2 percent, a significant share of 
the industry workforce.  



 A diversity of employment opportunities is 
available across the educational spectrum: 
o Approximately 35 percent of workers have 



a bachelor’s degree or higher;  
o Just over 32 percent have some college, 



post-secondary certification or an 
associate degree; and  



o About 31 percent of all workers have high 
school credentials or less. 



o Across all levels of education, earnings are 
higher in oil and gas industries compared 
to the all industry average.   
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Distribution of Total Impacts by Industry Segment 
California 2017
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Exhibit ES-3
Employment Distribution by Race and Ethnicity
California 2017



Hispanic or Latino Asian Black White Other
Source: QWI; Analysis by LAEDC
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Industry Employment Distribution by Education
California 2017
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Changes in Worker Characteristics over Time 
 
A comparison of worker characteristics in the oil and gas 
industry in California between this report (2017) and 
the two previous industry reports (2013 and 2015) 
revealed the following: 
 



 The share of workers who are women fluctuate 
between a quarter and a third of the industry’s 
workforce;  



 The share of older workers, 35 years and above, 
has increased in the industry; 



 The racial and ethnic composition of the 
industry’s workforce has remained relatively 
constant; and  



 The share of workers with a community college 
level education or above has increased. 
  



Future Workforce Needs 
 
Industry employment is expected to grow moderately, by 
close to 2 percent between 2017 and 2022, with mixed 
performance across the various component industries. 
Overall, it is expected that close to 2,500 payroll jobs will 
be created in the industry in California over the next five 
years. 
 
Educational institutions at the secondary (high school) and 
post-secondary level (community colleges and four-year 
universities, vocational-technical schools and 
apprenticeships) educate individuals to work in the oil and 
gas industry across all skill-levels. 
 
Oil and Gas Occupations 
 
Workforce characteristics, including demographics, 
employment and wage data, are presented in 
occupational profiles covering ten detailed occupations 
identified as unique to the oil and gas industry. 



 



User Industries: Forward Linkages 
 
Many industries are directly dependent on oil and gas 
products in their production processes and will be 
exposed to the risk of cost increases, relocation or closure 
should there be a reduction in the availability or increase 
in the prices of these products. Forward linkages are the 
industries that purchase these oil and gas products as 
inputs. These primary user industries represent 
significant economic activity which is at risk, as shown in 
Exhibit ES-5.  
 



 3.9 million jobs (16.5 percent of state total) 
 $1.0 trillion in labor income 
 $610 billion in value added annually, accounting 



for 22.0 percent of state GDP. 
 
In addition to the oil and gas industry itself, California’s 
utilities, mining, manufacturing and transportation 
industries are vulnerable and will be most at risk.  



Exhibit ES-5 
Economic Activity At Risk from Oil and Gas Industry Changes: 
At Risk User Industries Across All Segments in California 2017   
      
   
   Employment (jobs):     
     Primary Industries  3,897,320 
     Percent of California Total Employment  16.5% 
     
   Labor income ($ billions):    
       Primary Industries  $   1,038.4  
    Percent of California Total Labor Income  23.4% 
     
   Value added ($ billions):    
      Primary Industries  $   610.6  
     Percent of California Total GDP  22.0% 
   
      
Source: Estimates by LAEDC 
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1   Introduction 
 



 
he U.S. economy is incredibly dependent on the oil 
and gas industry. Operating in a global market, 
demand, supply and prices are influenced by what 



takes place worldwide, not just nationally. Extraction, 
production, refining and related manufacturing result in 
highly tradable products consumed domestically and 
exported to satiate California and global demand. As a 
result, the oil and gas industry is associated with high 
revenues and high wage jobs. 
 
As finite natural resources, the extraction, production, 
and refining of oil and natural gas are heavily regulated 
and heavily taxed, resulting in public revenues that are 
larger than those collected from other industries. 
 
The industry continues to face strict regulatory mandates 
adopted by the state of California to meet their aggressive 
emissions goals, these mandates are changing the market 
faced by the industry. The ability of in-state oil production 
and refinery operations to continue and the available 
supply of petroleum products will continue to be affected. 
 



Report Organization 
 
In this report, the Institute for Applied Economics of the 
Los Angeles County Economic Development Corporation 
(LAEDC) estimates the economic and fiscal contribution 
of the oil and gas industry in California, explores the 
industry’s workforce in the state, and conducts a regional 
dependency study of the four industry segments, which 
evaluates the ripple effect of potential changes in the oil 
and gas industry and how that may impact user industries 
in California. The report is presented in eight parts. 
 
This introductory section provides a short description of 
the industry definition and sub-regions used in the 
contribution analysis. Additional details and 
methodology can be found in the appendix. 
 
Section 2 provides a brief overview of the oil and gas 
industry in California, including upstream, midstream, 
downstream market segment activity. Section 3 examines 
the state’s oil and gas industry’s workforce. 
 
Section 4 provides an analysis of the oil and gas industry’s 
total economic and fiscal contribution to the state of 
California and a discussion of the public revenues 



attributed to the industry and the consumption of its 
products.  
 
Section 5 provides analysis at the sub-regional and 
county levels and provides contributions for most 
counties in California.  
 
Section 6 traces oil and gas industry products through the 
industry user chain for each segment of the industry. A 
vulnerability index is constructed to evaluate each 
industry’s exposure to these products. The top primary 
user industries most vulnerable to potential supply 
disruptions are quantified for each oil and gas industry 
segment, providing an order of magnitude estimate of the 
economic activity that is at risk from reduction of supply 
of refined petroleum products based on the forward 
linkages of the oil and gas industry in California. 
 
Section 7 provides an analysis of the top sixteen most 
vulnerable primary user industries of oil and gas 
products. Employment, labor income, output and direct 
contribution to GDP are estimated to provide orders of 
magnitude of the economic activity that is at risk from 
potential price changes and reduction of supply for these 
products. 
 
Section 8 identifies employment in industries at risk, user 
industries that rely upon oil and gas products in their 
supply chain, or who are users of the dependent 
industry's output. Jobs at risk are identified at the county 
level and the senate and congressional district level. 
 
Section 9 includes detailed sheets for each county in 
California for the economic contribution of the oil and gas 
industry, and the number of jobs in industries identified 
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as most at risk from potential refinery supply disruptions. 
For context, the economic base for each county is 
provided to illustrate how the oil and gas industry relates 
to the county economy.  
 
Detailed tables as referenced in the text can be found in 
the Appendix.   
 



Oil and Gas Industry Definition 
 
The North American Industry Classification System 
(NAICS) was created to track economic activity for 
businesses at the establishment level. Each establishment 
is grouped according to its primary activity. The thirteen 
NAICS codes included in the definition of the oil and gas 
industry used in this report are listed in Exhibit 1-1. 
These are described in detail in the Appendix. 
 
Throughout this report, the thirteen industry codes 
included in the oil and gas industry definition have been 
grouped into the following categories: upstream, 
midstream, downstream and market.  
 
The oil and gas industry is commonly categorized into 
three major segments, upstream, midstream and 
downstream.  Upstream operations are related to oil and 
gas production including the separation of oil, natural gas, 
and water. Downstream operations include the refining 
of crude and the processing and purifying of natural gas 
for distribution and sale to users. Midstream operations 
work in the “in-between” and are related to the 
processing and separation of gas and condensate and the 
use of heaters and scrubbers to produce pipeline quality 



gas, and the transportation (includes pipeline), storage 
and wholesale of crude oil, natural gas, NGLs (natural gas 
liquids) and other hydrocarbon products.  While the retail 
and distribution of oil and gas products can be included 
in the downstream segment, for the purposes of this 
report, industries involved in marketing oil and gas 
products to the end user have been separated into their 
own “market” category.   
 
 
 



Exhibit 1-1  
Oil and Gas Industry Definition 



NAICS 
  



Industry  



Upstream Industries 
211 Oil and gas extraction 



213111 Drilling oil and gas wells 
213112 Support activities for oil and gas operations 
333132 Oil and gas field machinery and equipment manufacturing 



Midstream Industries 
23712 Oil and gas pipeline and related structures construction 
4247 Petroleum and petroleum products merchant wholesalers 



486 Pipeline transportation 



Downstream Industries 
32411 Petroleum refineries 



324191 Petroleum lubricating oil and grease manufacturing 
32511 Petrochemical manufacturing 



Market Industries 
2212 Natural gas distribution 



447 Gasoline stations 
45431 Fuel dealers 



  
Source: LAEDC 
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2   The Oil and Gas Industry in California 
 



 
alifornia’s oil and gas industry continues to 
produce energy for its residents and businesses, as 
well as for those in the rest of the nation. The oil 



and gas industry remains a high-wage industry in the 
state that provides economic mobility. However, the oil 
and gas industry is facing a number of challenges that 
include: price volatility; regulatory issues; changes in 
economic growth impacting demand; environmental 
activism; community support; geopolitical unrest; and 
emerging alternative intermittent sources of energy. 



The Oil and Gas Industry Today 
 
This report looks at oil and gas industry activity in 2017, 
due to data availability, but much has happened in the 
industry between 2015 (the period covered in the last 
report) and the first half of 2019.  
 
The first half of 2018 marked one of the most substantial 
oil price recoveries as of late, when the Brent Crude spot 
price (Exhibit 2-1) climbed from an annual average of $43 
per barrel in 2016 to $54 in 2017 and up to close to $80 a 
barrel by the third quarter of 2018. A number of factors 
contributed to the rebound, including: stronger demand 
related to global economic growth, especially in emerging 
markets experiencing population growth, 
industrialization, and urbanization; the production 
restraint agreement between OPEC and non-OPEC 
countries; and reduced oil production from countries like 
Venezuela, Libya and Iran; all of which led to much 
needed withdrawals from high global inventories of 
crude. But price volatility struck again; oil prices fell in the 
4th quarter in 2018, down to the high $50s by December, 
causing the Brent annual average price to settle at $71 per 
barrel for 2018. 
 



 



The production restraint agreement was implemented in 
2017 between 12 OPEC and 10 non-OPEC countries 
(including Russia), where producers agreed to cut output 
from 2016 baselines by 1.2 million barrels a day for OPEC 
countries and by 600,000 barrels a day by non-OPEC 
exporters. However, initial speculation over whether the 
cuts would be made, and their efficacy in stabilizing the 
market, led to price volatility the second half of 2018 with 
a drop-in price late in the year (November and 
December). Despite price volatility, 2018 saw record 
setting levels of oil and gas production at shale 
formations including the Permian Basin and Bakken. This 
coupled with the disbandment of the ban on most U.S 
crude oil exports, in effect since the 1970s, led to net oil 
exports in 2018 in the U.S. for the first time, and lots of 
discussions about bottlenecks related to inadequate 
infrastructure.  
 
Natural gas prices in the U.S. have remained limited due 
to the massive amount of reserves, a pattern that will 
continue despite growing demand related to electricity 
generation and the manufacture of products that use 
natural gas as a feedstock. Exports of liquefied natural gas 
(LNG) and natural gas liquids (NGLs) from mid-continent 
states through the Gulf of Mexico will help ease some 
downward pressure related to the glut of supply, but only 
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slightly. In 2017, the U.S. became a net exporter of natural 
gas for the first time in almost 60 years. 
 
California has remained largely isolated from the benefits 
of U.S. energy independence and associated investments. 
California is effectively an energy island, since it has no 
interstate crude oil or refined products pipelines from 
other states. All crude oil and refined products entering 
the state travel almost exclusively by supertanker, with 
limited crude oil rail imports from Canada and other 
states. As a result, Californians compete with China, India, 
Japan and European economies for oil exports from the 
Middle East, Latin America, and Alaska. Therefore, 
California businesses and consumers are tied to Brent 
international waterborne crude oil prices, which have 
historically been higher than West Texas Intermediate 
crude oil that supplies most of the lower 48 states. 
 
Sustainability is a key objective across all segments of the 
oil and gas industry. For upstream operations, large oil 
companies are investing in renewable energy and gas 
producers are looking to mitigate emissions of methane.  
Refineries and petrochemical manufacturers, main 
players in the downstream segment, have long been 
steering through environmental mandates and reporting 
requirements.  



Infrastructure, part of the midstream segment, has been a 
concern for the industry as production levels in the U.S. 
increase; a lack of pipelines, port terminals, plants and 
processing and storage facilities depresses the industry’s 
ability to move product and negatively impacts 
producers. Unfortunately, getting oil and gas 
infrastructure projects off the ground is difficult, 
requiring delicate navigation through the planning, 
permitting and building of these projects, which often 
face litigation by activist organizations.  



During the downturn, oil and gas companies had to 
simultaneously contain costs and increase efficiency and 
productivity. Major players in the oil and gas industry are 
looking to diversify their portfolios to help insulate 
themselves from impacts related to future downturns and 
decreased demand for carbon-based fuels through 
investment and mergers and acquisitions activity; BP, 
Shell and Chevron all acquired or invested in EV charging 
companies, and California Resources Corporation and 
Exxon are designing carbon capture and sequestration 
projects.  
 
The beginning of 2019 has seen more withdrawals from 
crude inventories as estimated production in the U.S. and 
Organization of Petroleum Exporting Countries (OPEC) 
are declining. The Energy Information Administration 



(EIA) predicts the joint OPEC/non-OPEC production cuts 
in crude are here to stay throughout 2019. Potential 
increases in the price of oil back to levels of $70 per barrel 
may be limited, due to the impact of tariffs and concerns 
about slowing growth in China and elsewhere. In 
California, increased fuel taxes, low carbon fuel standard, 
greenhouse gas cap-and-trade programs and renewable 
portfolio standards have increased prices of energy and 
goods for consumers, magnifying the impact of any 
increase in underlying commodity prices. 



Looking towards the rest of 2019, price volatility, the LNG 
market, interest rates, tariffs and the waning benefits of 
the tax stimulus will be key issues nationally, as will 
addressing midstream bottlenecks (i.e. infrastructure) 
and the adoption of new digital technologies, especially 
the use of data and automation, to increase productivity. 
These national issues affecting oil production have less 
effect in California, because the state is effectively an 
energy island, with no interstate crude oil or refined 
products pipelines from other states. California depended 
in 2018 on waterborne imports for 73 percent of its crude 
oil demand, mostly from foreign countries.  



Upstream Activity 
 
Upstream industries are those that that are involved in 
the exploration and extraction of oil and gas. These 
industries include production, which includes the drilling 
of wells and pumping of crude oil and natural gas, and 
oilfield services. Oilfield services include the manufacture 
of oil and gas field machinery used in production and 
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support activities for oil and gas operations, such as 
exploration (except geophysical surveying and mapping); 
excavating well cellars, well surveying; running, cutting, 
and pulling casings, tubes, and rods; cementing wells, 
shooting wells; perforating well casings; well 
maintenance activities; and cleaning out, bailing, and 
swabbing wells. The upstream industry is capital-
intensive and highly regulated. 
 
 
Industrywide Trends 
 
Upstream companies remain cautious, as they are still 
recovering from the post-2014 downturn in oil prices 
(that bottomed out in 2016), which put them into cost-
cutting survival mode, where some payrolls were cut, and 
development projects may have been cancelled or 
deferred. Even though prices increased in 2018, they 
were volatile and dipped at the end of the year, again 
giving rise to uncertainty. Cutbacks in resource 
development projects during the downturn may 
constrain future supply as demand increases. Looking 
forward, investment in new growth will resume, as long 
as prices can remain relatively stable and land use and 
permitting processes can remain predictable. 
 
California producers have unique concerns. The oil found 
here has higher gravity which makes production and 
transportation more expensive compared to lighter oil 
reserves. High costs are also in part due to California’s 
stringent and frequently changing environmental 
standards.  
 
Upstream operations in California navigate through the 
toughest regulatory environment in the nation.  
 
Underground injection wells are intended to safely 
dispose of wastewater (salt and fresh water) produced 
with oil and gas in the oil production process. After oil and 
gas are separated from the produced water, the 
wastewater is piped or trucked to Class II injection wells, 
where it is injected into petroleum reservoirs, increasing 
oil yields. It is estimated that seventy-five percent of oil 
produced daily in California uses these enhancement 
methods.1 The Division of Oil, Gas, and Geothermal 
Resources (DOGGR) decided to revise and strengthen its 
permit approval policies through new underground 
injection control regulations which took effect April 1st, 
2019.  
 
Under these new regulations, approval for underground 
injection well permits require a series of complicated 



 
1 According to the new DOGGR statement of reasons, about 
seventy-five percent of the roughly 600,000 barrels of oil produced 



steps, an application must include: a detailed engineering 
study with planned drilling, plugging, and abandonment 
programs; a geologic study with structural and cross-
section maps of the well; an injection plan that maps all 
injection facilities, anticipated injection pressures and 
volumes; monitoring systems; and protection measures. 
The most stringent part of the application is the Area of 
Review, which requires engineering studies to provide 
evidence that plugged and abandoned wells in the 
surrounding area will not have an adverse effect on the 
project or public and environmental health. Production in 
California will be severely impacted by underground 
injection well permits not being issued. 
 
Constantly changing land use permitting processes at the 
state and local level are negatively impacting investment 
in oil and gas production operations, which stunts future 
employment growth. Many of the jobs associated with 
this industry offer high wages and benefits for those with 
a high school education, hence withheld investment limits 
good job opportunities for those who need them most. 
Changing safety and environmental standards mean 
producers are constantly chasing compliance and 
investing their time and money into keeping operations 
open; this reduces the amount of resources available to 
invest in growth and new infrastructure. 
 
Operations in the state face not only high regulatory costs, 
but also activist attempts to end production. In the 
summer of 2018, activist groups petitioned then 
Governor Brown to end oil and gas production through 
the withholding of permits and other measures. The 



daily in California result from the use of enhanced oil recovery 
injection methods. 



Photo: AP, Reed Saxon 
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petition was initiated by a branch of a New York anti-oil 
organization and many of the California officials are from 
areas with little to no industry activity. This group is also 
proposing setback requirements of up to a half mile 
around oil and gas operations. 
 
Finally, current legislation in consideration includes 
increased setback requirements for some local 
jurisdictions, at present the City of Los Angeles, and at the 
state level, an additional levy on oil production (SB 246). 
An assessment is already imposed on oil and gas 
production in the state to fund the California Department 
of Conservation Division of Oil, Gas, and Geothermal 
Resources (DOGGR), but a senate bill has been introduced 
that would establish an additional severance tax of 10 
percent on the price per barrel of oil or per unit of natural 
gas produced. While other states have severance taxes, 
producers there don’t face the same high regulatory costs 
and high income, sales and ad valorem property taxes on 
oil and gas reserves in the ground before they are 
produced. 
 
California’s Active Oil and Gas Wells 
 
There were 51,390 active oil and gas wells in California in 
2017. Active wells are distributed across California, with 
the majority located in the Central Valley/Northern 
California sub-region, as shown in Exhibit 2-2.  
 



 
 
A decrease in the number of new wells drilled between 
2015 (1,016 wells drilled) and 2016 (759 wells drilled) 
turned around between 2016 and 2017 (996 wells 
drilled). Footage drilled followed the same down then up 
pattern, with footage drilled in 2017 (2,085,937 feet) 
exceeding footage drilled in 2015 (2,022,697 feet). Kern 
County has the most active oil and gas wells by far, 
numbering over 40,000 in 2017, while the second ranked 



county, Los Angeles County, had 3,359 active oil and gas 
wells. 
 
Active wells by county and California legislative district 
(upper and lower house) can be found in the Appendix. 
 
Crude Oil in California 
 
According to the Energy Information Administration 
(EIA), global crude oil consumption in 2017 was close to 
98 million barrels per day. California is the second highest 
U.S. state in energy consumption and the fourth largest 
globally (after the U.S., China, and Texas), yet is highly 
dependent on imported energy. In 2017, California 
imported 72 percent of its crude oil consumption, 91 
percent of its natural gas consumption, and even 30 
percent of its electricity consumption. 
 
U.S. oil field production totaled just over 3.4 billion 
barrels in 2017. Exhibit 2-3 shows the highest oil 
producing states in the nation ranked according to their 
crude oil production in 2017. California produced 174 
million barrels, representing 5.3 percent of total national 
production. 
 



 
 
While the U.S. oil production has been increasing, oil 
production in California is moving in the opposite 
direction, with three consecutive years of decline, causing 
the state’s ranking to slip from its usual spot (behind 
Texas and North Dakota) to the fourth highest state in oil 
production in 2017 and further to sixth in 2018 behind 
New Mexico and Oklahoma.  
 
This is part of a long-term decline that has been occurring 
since the late 1980s when the number of barrels 
produced in 1985 was 394 million versus the 174 million 
barrels produced in 2017, that’s a 56 percent decline in 
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Exhibit 2-2
Active Wells in CA by Sub-Region 2017



Source: CA Dept of Conservation, DOGGR
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Crude Oil Production 2017
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production volume; production levels in 2017 were only 
44 percent of what they were in 1985 (Exhibit 2-4).  
 



 
The distribution of California crude oil production in 
2017 according to sub-region is shown in Exhibit 2-5. 
 



 
 
While crude oil production activity occurs throughout the 
state, the Central Valley/Northern California sub-region 
accounted for just over 75 percent of total California 
production. The second and third largest producing sub-
regions were Southern California and the Central Coast, 
with 14 percent and 11 percent respectively. Crude oil 
reserves in California as of the end of 2017 were an 
estimated 2,209 million barrels. 
 
Crude oil production by county and legislative district 
(upper and lower house) can be found in the appendix. 
 
Natural Gas in California 
 
Natural gas production in the U.S. totaled 28.1 trillion 
cubic feet in 2017. California imported 91 percent of its 
natural gas needs in 2017. In-state production totaled 
209.3 billion cubic feet, accounting for 0.7 percent of total 
U.S. production. The majority of natural gas production in 



the state is produced onshore, close to 98 percent in 2017 
with the remaining 2 percent produced offshore. Between 
2016 and 2017, net gas production in the state increased 
by 3.6 percent. Out of the 34 natural gas producing states 
nationwide, California ranks fifteenth. Exhibit 2-6 
displays the highest ten ranking states and California 
according to their total natural gas production in 2017. 
 



 
 
Similar to crude oil production, the Central Valley/ 
Northern California sub-region accounted for just over 80 
percent of total California natural gas production in 2017, 
followed by Southern California and the Central Coast, 
producing close to 12 percent and 10 percent 
respectively. Expected future production of dry natural 
gas as of the end of 2017 is estimated at 1,560 billion 
cubic feet.  
 
The distribution of California natural gas production in 
2017 by sub-region is shown in Exhibit 2-7. 
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Exhibit 2-4
California Oilfiled Production 1985 to 2017
Indexed Growth (1985=100)
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Oil Production by Sub-Region 2017
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Natural Gas Production 2017
(Cubic feet in millions)
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Natural gas production by county and legislative district 
(upper and lower house) can be found in the Appendix.  
 
 



Midstream Activity 
 
The midstream segment of the oil and gas industry is a 
highly integrated transmission and distribution system 
that exists across the U.S. to link upstream producers with 
downstream operations, their services are fee-based. 
Midstream operations move oil and gas from the 
wellhead in upstream operations to downstream refining 
and manufacturing operations and include processing, 
storage and logistics (pipeline, rail, truck, tanker, and 
export terminals). These same companies also move 
finished product from downstream operations to the 
market segment which includes gasoline stations and fuel 
dealers. 
 
Exhibit 2-8 shows part of the midstream infrastructure 
that exists in California, including natural gas resource 
areas and interstate natural gas pipelines into California. 
As noted earlier, there are no interstate crude oil or 
refined products pipelines into California. 
 
Industrywide Trends 
 
Midstream operations in 2017 were looking to lower 
capital costs in their operations to improve balance 
sheets which were affected by slowdowns in production 
by their upstream customers who were still trying to 
recover from the low oil prices and oversupply they faced 
in the post 2014 commodity price downfall. As upstream 
operations increase their production, midstream and 
other businesses that provide services to these producers 
will benefit. Looking ahead, in the near-term steel tariffs 
might be a cause for concern, but the continued long-term 
push towards renewable sources of energy will continue 
to drive demand for natural gas and LNG, which may 
translate to growth in midstream operations as they 
develop the requisite infrastructure, especially pipelines 
and storage tanks, to meet demand.  
 
California’s Midstream Industry 
 
The Midstream industry in California accounts for 14 
percent of employment in the oil and gas industry in the 
state. Employment has been hovering around 21,000 
since 2014. A selection of companies operating in the 
midstream segment in California is presented in Exhibit 
2-9.  
 



 
 
 
 
 
 
 
 
 



Exhibit 2-8 
Natural Gas Resource Areas and Interstate Natural Gas 
Pipelines into CA 



 
Source: California Energy Commission, Cartography Unit, 2014 
 



 
 
 



Exhibit 2-9 
Midstream Companies in California 
  



• CALNEV Pipe Line, LLC 
• Central Valley Gas Storage, LLC 
• Crimson California Pipeline, L.P. 
• Gill Ranch Storage, LLC 
• Kern River Gas Transmission Company 
• Lodi Gas Storage, LLC 
• Mojave Pipeline Company, LLC 
• North Baja Pipeline, LLC 
• Pacific Pipeline System, LLC 
• Phillips 66, Pipeline LLC 
• Plains West Coast Terminals, LLC 
• San Ardo Pipeline Company 
• San Pablo Bay Pipeline Company, LLC 
• Torrance Pipeline Company, LLC 
• Torrance Valley Pipeline Company 
• Wild Goose Storage, LLC 
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Downstream Activity 
 
Downstream operations include refineries, 
petrochemicals and the manufacture of petroleum 
lubricating oil and grease. 
 
The refining of crude oil produces highly tradable 
products consumed domestically almost entirely in 
California and exported to global markets. Refined 
petroleum products include gasoline and diesel, liquefied 
petroleum gas (LPG), kerosene, jet fuel and fuel oils. Other 
products of the refining process include petrochemicals, 
which are used to manufacture a wide variety of different 
goods, including medical and personal products, fuel and 
lubricants, chemical products (adhesives, detergents, 
solvents) synthetic fabrics and materials, plastics and 
resins and more (see Exhibit 2-10 for a more 
comprehensive listing). 
 
Industry Trends 
 
 Increased oil demand has been benefiting refinery and 
petrochemical plants across the U.S. Outside of California, 
new refineries and petrochemical plants are being built to 
process the supply of shale oil produced in other states. 
But California is missing out on this boom, no pipelines 
exist to transport crude from other states, and crude-by-
rail isn’t a meaningful alternative.  
 
Refineries in California focus on meeting California’s high 
demand, not in expanding their operations as seen 
elsewhere in the country. Conversely, many crude oil 
energy companies are looking outside of the Golden State 
for new opportunities. For example, Meridian Energy 
Group is currently building a refinery in North Dakota and 
is looking to build another 60,000 barrel per day refinery, 
with a price tag of $1 billion, in Texas (Kermit) to refine 
crude from the Permian Basin. 
 
Market conditions for refined petroleum products and 
byproducts produced in-state continue to change as a 
result of regulatory mandates issued to meet increasingly 
more ambitious emissions goals. As part of California’s 
climate change program, the state cap and trade program, 
low carbon fuel standard and other climate programs 
collectively cost the industry hundreds of millions of 
dollars annually. A Rand Corporation report estimated 
the costs to refiners associated with compliance with the 
California process safety management (PSM) and 
California Accidental Release Prevention regulations 
would reach an estimated $58 million annually. 
 



Refining operations heavily rely upon the supply of 
reliable electricity and recycled water in their production 
process; California refiners need to ensure the future 
supply of each. Like producers in the upstream segment, 
downstream operations in California are encountering 
constantly changing regulatory standards. The high-cost 
regulatory environment and uncertainty for future 
operations in the state reduces the amount of investment 
put towards growth and new infrastructure.  
 
In order to meet demand, California refineries operate at 
or near maximum capacity. When refineries in the state 
experience unplanned outages, the price of gas jumps in 
response to the reduced supply, and gasoline imports 
increase. Production issues also directly translate into 
price increases due to the high in-state demand for 
refined products and the lack of interstate pipelines into 
California. 
 
California’s Refineries 
 
The petroleum refining industry has a large presence in 
California. In 2017, annual operable atmospheric crude 
oil distillation capacity in California was just over 1.9 
million barrels per calendar day (bpcd.), maintaining its 
rank as third among states and representing just over 10 
percent of total U.S. capacity (Exhibit 2-11).  
 



Exhibit 2-10 
Petroleum-Based Consumer Products 
      
Medical and Personal 



antihistamines inhalers makeup 
anesthetics band aids perfume 
aspirin latex gloves contact lenses 
cough syrup syringes  lotion  
vitamins artificial limbs diapers 



Fuel and Lubricant 
gasoline heating fuel motor oil 
diesel fuel propane electricity generation 



Chemical Products 
pesticides fabric softeners brake fluid 
fertilizers cleaning chemicals coolant 
preservatives solvents antifreeze 
Teflon paint  



Synthetic Fabrics and Materials 
polyester elastic carpeting 
nylon, rayon shoes vinyl 
 upholstery Styrofoam 



Other Products 
PVC pipe electronics toys 
shingles plastic containers helmets 
tires plastic bags guitar strings 
asphalt/ tar sponges sports equipment 
Compiled by LAEDC 
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From 2015 to 2017, crude oil distillation capacity in 
California increased slightly by 0.2 percent, adding 3,700 
bpcd., a much slower rate of increase than the U.S. with a 
distillation capacity increase of 3.1 percent over the 
period. 
 
Despite the prominence of the state in terms of the 
national industry, the number of refineries in California 
has been decreasing over the years due to emissions 
related regulations, which would otherwise require 
refineries to make large expenditures on equipment, 
modifications and upgrades. Operations that are unable 
to merge or consolidate to fund these investments have 
ceased operations. This has resulted in the closure of 
older and smaller refining operations that found 
compliance with the state’s strict environmental 
regulations to be cost prohibitive. This is also limiting the 
permitting of new facilities, and therefore, any potential 
increase in oil refining capacity in the future to meet 
upcoming needs in California appears highly unlikely.  
 
There number of refineries in California has stayed 
constant at 18 since 2012, less than half the number of 
operable refineries in 1987 (Exhibit 2-12). These 
refineries are located largely within two sub-regions: 
Southern California (primarily Los Angeles County) and 
the San Francisco Bay Area.  
 
Exhibit 2-13 displays crude oil refining capacity in 
California by sub-region in 2017. The three largest 
refineries in the state are located in El Segundo, 
Richmond and Carson. Total statewide refining capacity 
was approximately 1.9 million barrels per calendar day. 
Southern California accounts for more than half, and the 
San Francisco Bay Area accounts for another 44 percent 
of total refining capacity. 
 
Although the number of refineries has been declining in 
both California and the nation as a whole, expansions of 
existing operations and increases in efficiencies have 
resulted in increased capacity nationwide (Exhibit 2-14).  
 
However, unlike the national experience, overall 
operating capacity in California has not seen a consistent 
upward trend. Despite an increase in refinery capacity of 
0.2 percent in 2017 over that in 2015, there remains an 
overall loss of 312,629 bpcd capacity (a decline of 14.1 
percent) since 1987 (Exhibit 2-15).  
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Exhibit 2-11
Crude Oil Distillation Capacity 2017
Annual Operable Atmoshperic (BPCD)
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Refining Capacity in CA by Sub-Region 2017
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The potential for further reductions of the in-state supply 
of crude oil and refined petroleum products and 
byproducts will impact thousands of businesses that 
depend on these products in their production processes, 
impacting production costs and leading to higher prices 
of end products—which themselves may be used in other 
industries as inputs into production. 
 
Oil Supply Sources 
 
The requirements for fuel consumed in California are 
highly specific. Due to limits placed on in-state 
production, refineries import over 70 percent of 
California’s crude oil needs from Alaska and outside the 
U.S. California has no interstate oil pipelines. Production 
volumes from Californian and Alaskan sources have been 
declining over the years, leading to increasing amounts of 
foreign crude being delivered to marine terminals in the 
San Pedro and San Francisco ports to augment the supply 
of crude which is constrained locally.  
 
Exhibit 2-16 shows the total supply of crude oil to 
petroleum refineries in California by source from 1985 
through 2018. In 2017, crude oil from foreign sources 
represented more than half the oil supplied to refineries 
in the state. Foreign sources and out-of-state domestic 
sources combined account for 70 percent of the total 
supply of crude oil to petroleum refineries in California; 
only 30 percent of what is refined in the state is locally 
sourced. 
 
The specificity of the requirements for fuel and the 
growing reliance upon foreign crude oil sources (Exhibit 
2-17) leave consumers at the pump in California 
vulnerable to short-term fluctuations in oil prices and 
supply shocks resulting from unplanned disruptions 
during refinery outages.  
 



 
 



 
 



 
 
California imports a small portion (less than 1 percent) of 
its crude oil by rail. Crude-by-rail imports have been 
increasing, they have more than doubled since 2009. In 
2017, close to 3.2 million barrels of crude was imported 
by rail from New Mexico, Wyoming and Canada (Exhibit 
2-18). 
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Annual Operating Capacity in CA 
(barrels per calendar day)
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Oil Supply Sources to CA Refineries
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California's Sources of Foreign Crude in 2017 
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The Supply Shock 
 
Each year, California transitions from winter-grade to 
spring-grade gasoline and from spring-grade to summer-
grade gasoline. The cost to manufacture the warmer 
weather blends is higher than that to manufacture the 
winter-blend. Regardless of the blend, the cost of 
manufacturing gasoline to state specifications exceeds 
that of conventional gasoline used outside of California.  
 
Blendstock transitions also reveal price volatility. 
Immediately preceding a transition from one seasonal 
gasoline blend to another, prices will either increase or 
decrease according to inventory levels; they will rise 
when inventory is low to delay a badly timed purchase or 
will drop to accelerate sales of the current blend if 
inventory is deemed high. 
 
In the event that refining capacity is reduced further, and 
local production cannot meet local demand due to more 
aggressive restrictions, additional product must be 
imported into the area.  
 
There are several refineries outside of the state that can 
produce California gasoline, they include the state of 
Washington and the U.S. Gulf Coast, and abroad sources 
include Eastern Canada, Finland, Germany, the U.S. Virgin 
Islands, the Middle East and Asia.  
 
Costs for petroleum and petrochemical products 
produced out of state will be higher due to increased 
shipping costs and costs associated with out-of-state 
producers reconfiguring and refitting facilities, a costly 
and labor-intensive undertaking that will be required to 
accommodate California’s specific blends of low sulfur 
gasoline and diesel. 
 
Both industries and individual consumers will feel these 
additional costs. Dependent industries that use 
petroleum and petrochemical products as an input in 
production or are heavily reliant upon these products in 
the provision of a service, such as transportation 
industries, may not be able to absorb the increases. 
Consumers will feel cost increases that cannot be 
absorbed by the industry at the pump or when they 
purchase transportation services or petroleum-based 
end products. In addition, those other states and 
countries to not apply California’s leading safety, labor 
and environmental standards.  
 
 



Market Activity 
 
The market segment of the oil and gas industry includes 
industries who bring petroleum and natural gas products 
to the end-user. This includes gasoline stations, natural 
gas distribution and fuel dealers, who retail liquefied 
petroleum gas (LPG). Industry trends in this segment are 
unique to each product sold; therefore, they are discussed 
separately. 
 
With a population pushing close to 40 million in the state 
of California, consumption and expenditures made on 
petroleum and natural gas in the state are substantial.  
 
Petroleum 
 
Californians spent an estimated $62.5 billion on 672 
million barrels of petroleum (2016, the latest available). 
Most expenditures on petroleum go towards 
transportation (Exhibit 2-19). 
 



 
 
The state accounts for 11.4 percent of U.S. expenditures 
and 9.3 percent of U.S. consumption of petroleum. 
California is ranked the second highest state for barrels of 
total petroleum consumed (683 million barrels), behind 
Texas (1.4 trillion barrels), and is followed by Louisiana 
(399.4 million barrels) in third place with 272,510 less 
barrels consumed.  
 
Fuel Stations 
 
There were an estimated 10,353 retail fuel stations in 
California in 2017. These retail outlets are estimated to 
have sold 15.6 billion gallons of gasoline and 3.1 billion 
gallons of diesel (Exhibit 2-20). The demand for gasoline 
and diesel fuel has increased in recent years, related to a 
strong performing economy. In 2017, vehicle miles 
travelled reached 343,862 million in the golden state. 
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Exhibit 2-19
California Expenditures on Petroleum 
by End-Use Sector



Source: EIA
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Gasoline and diesel sales by county can be found in the 
Appendix. 
 
Gasoline stations are affected by fluctuations in the price 
of oil and refined products; low oil prices during the 
downturn and volatile prices since have impacted 
industry revenues and profits. Regulatory compliance for 
gasoline stations includes tank testing, soil analysis and 
remediation. 
 
Taxes levied on the purchase of fuels and natural gas in 
California are significant. Taxes that apply to the purchase 
of fuel include sales and use, state and federal excise and 
an Underground Storage Tank (UST) fee of 2 cents per 
gallon (cpg.). In 2017, California raised excise taxes on 
motor fuels; the tax on gasoline increased from 34.7 cpg 
to 46.7 cpg for gasoline and from 34 cpg to 67 cpg for 
diesel. According to the American Petroleum Institute, an 
estimated 72.76 cpg of gasoline and 109.33 cpg of diesel 
go towards taxes (Exhibit 2-21), ranking California1st as 
the highest taxed state in the nation for diesel fuel and 2nd 
in the nation for gasoline.  
 
Additional regulatory costs also are at play in the state, 
increasing the cost of gasoline in California (i.e. 
reformulation, low carbon fuel standard, and the cap-and-
trade program limiting GHG emissions which started to 
be applied to fuel producers in 2015). The result is an 
increase in the price spread of motor fuels between 
California and the national average (Exhibit 2-22). 
Finally, jet fuel constitutes a major refined product used 
in California. 
 
Natural Gas 
 
Natural gas distribution is included in the market 
segment of the industry as it markets natural gas to the 
end user. End-use sectors include not only residential 
users, but industrial and commercial users as well. 
Natural gas is also used in transportation and in electric 
power generation as the state completes its transition 
from coal to natural gas as a cleaner alternative. The EIA 
found that natural gas replacing the use of coal for 
electricity generation has resulted in significant 
reductions in sulfur dioxide (SO2) and carbon dioxide 
(CO2) emissions over the last decade. 
 
Current natural gas utilities with service areas in 
California  are listed in Exhibit 2-23. 
 



 
 



 
 



 
 



Exhibit 2-23 
Natural Gas Utilities with Service Areas in California  
  



• City of Long Beach Energy Resources Department 
• City of Palo Alto Gas Department 
• Pacific Gas and Electric Company (PG&E) 
• San Diego Gas & Electric (SDG&E) 
• Sierra Pacific - Nevada & California 
• Southern California Gas Company (SoCalGas) 
• Southwest Gas Corporation 
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Exhibit 2-20
Retail Sales Volumes in California 2017
(Million gallons)



Sources: CEC, CA BOE
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Exhibit 2-21
California Motor Fuel Taxes
Cents per gallon (cpg)



Source: API
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Exhibit 2-22
Price of Gasoline and Diesel 
California versus U.S. average
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Looking ahead, changes in natural gas infrastructure and 
storage operations may impact the generation of 
electricity, especially in Southern California. Planned and 
unplanned pipeline outages (since October 2017) have 
reduced the ability to bring natural gas into Southern 
California and total capacity of the four natural gas 
storage facilities in the Southern California Gas Company 
service area declined by 92 Bcf (from 136 Bcf to 74 Bcf). 
Combined, the pipeline outages and reduced storage 
capacity (which changed the timing and extent of refilling 
storage fields) will present challenges meeting both 
demand for electricity over the summer while refilling 
gas storage fields to adequately prepare for winter 
heating demand.  
 
Most of the reduction in natural gas storage capacity 
stems from the October 2015 leak at the Aliso Canyon 
storage field, previously the second-largest natural gas 
storage facility in the United States, which reduced 
capacity by about 61 Bcf (from 86 billion cubic feet (Bcf) 
to about 25 Bcf).  
 
Californians spent an estimated $14.5 billion on 2,115 
billion cubic feet of natural gas (2017). The largest 
expenditures are made by the residential sector (Exhibit 
2-24). Just over 64 percent of home heating in the state 
uses natural gas, and California has the 9th highest 
residential price for natural gas in 2017 with $13.08 per 
thousand cubic feet. 
 



 
 
California accounts for 10.2 percent of U.S. expenditures 
on and 7.8 percent of U.S. consumption of natural gas.  
 
The number of natural gas consumers in California in 
2017 reached close to 11.5 million, with residential 
consumers accounting for nearly 96 percent of the total 
number of consumers in the state (Exhibit 2-25).  



 
 
Residential consumption includes natural gas used in 
private households, for heating, air-conditioning, 
cooking, water heating, and other household uses. 
Commercial consumption includes establishments or 
agencies predominantly engaged in the sale of goods or 
services, such as hotels, restaurants, wholesale and retail 
stores and other service enterprises. This category also 
includes nonmanufacturing activities of government 
agencies (local, state and federal). Industrial 
consumption includes establishments that use natural 
gas for heat, power, or chemical feedstock in 
manufacturing, mining or other mineral extraction, 
agriculture, forestry, and fisheries. Operations with 
generators that produce electricity and/or thermal 
output in support of these listed industrial activities are 
also included in industrial consumption.  
 
 
While the number of natural gas consumers trump the 
number of commercial and industrial consumers, the 
average annual consumption per consumer for 
commercial and industrial establishments exceed that of 
an average household; the average annual consumption 
per commercial consumer and per industrial consumer in 
California in 2017 was 531 Mcf and 20,652 Mcf 
respectively. 
 
Taxes are imposed on the consumption of natural gas, 
through a natural gas surcharge paid by consumers to 
their utility service provider, the rate is determined by 
service territory and customer class (end-use)  
 
In California, an excise tax applies to compressed natural 
gas (CNG), liquefied natural gas (LNG) and propane used 
to operate a vehicle. The tax can be paid either through a 
flat rate fee based on vehicle weight, or on a per gasoline 
gallon equivalent. (GGE) for CNG or diesel gallon 
equivalent (DGE) for LNG and propane.   
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Exhibit 2-24
California Expenditures on Natural Gas
by End-Use Sector



Source: EIA
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Number of Natural Gas Consumers 
California 2017
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Regulatory Environment 
 
California has long been heralded for its leading role in 
renewable energy and environmental issues. Existing 
environmental regulations, undertaken as a means for 
California to achieve its larger 2020, 2030 and 2050 
climate change goals, are impacting all segments of the oil 
and natural gas industry, from upstream production to 
retail and distribution operations in the market segment. 
 
Market conditions for refined petroleum products and 
byproducts produced in-state continue to change as a 
result of regulatory mandates issued to meet increasingly 
more ambitious emissions goals. Upstream and 
midstream development in California faces constantly 
changing regulations from multiple state and local 
agencies with overlapping jurisdiction that impede or 
delay permitting, investment, new infrastructure and 
growth in employment. California is highly dependent on 
intrastate natural gas pipelines to supply 91 percent of 
the natural gas consumed in the state, mostly by 
residential users (home heating and cooking). 
Communities rely on networks of pipelines to gather 
crude oil and natural gas and transport them to refineries 
and utilities, and in turn to distribute refined products 
and natural gas to end users. Timely and efficient 
permitting of upstream wells and facilities and 
midstream pipelines and processing plants is essential to 
maintain the quality of California’s energy infrastructure 
and ensure that Californians benefit from a diverse mix of 
traditional and renewable energy supplies which 
increase affordability and reliability. Downstream 
development is stagnant due to the permitting of new 
petroleum refining facilities also being limited, making 
any potential increase in oil refining capacity in the future 
in California highly unlikely.  
 
Greenhouse gas legislation (SB 32) was passed that 
extended AB32 goals out to 2030, with a new target of 40 
percent below 1990 levels by 2030, building upon the 
momentum of the previous target of meeting 1990 levels 
by 2020. In addition, California Executive Order B-55-18 
(signed by then Governor Jerry Brown in Sept 2018) set 
the objective of reaching statewide carbon neutrality by 
2045.  
 
Oil and gas producers are already highly regulated in 
California; the California Air Resources Board (CARB) and 
California’s Air Quality Management Districts (AQMD) 



 
2 Technical Review of Current Emission Control Regulations by 
Jurisdiction, GSI Environmental, February 2018. 
3 Why Local Oil and Gas Production is important to Los Angeles, 
Californians for Energy Independence, January 2019. 



have been tasked with improving air quality, resulting in 
the state having to abide by the most stringent emission 
control regulations in the U.S.2 (Exhibit 2-26). CARB and 
SCAQMD are two of the 25 plus local, state and federal 
agencies that oversee the oil and gas production industry 
and its workforce.3 
 
Existing regulations faced by California producers, not 
currently required in other states or countries, require air 
permits with emission controls that include: vapor 
recovery on tanks and vessels; vapor control on 
compressors; use of instrument air on pneumatic devices; 
and leak detection and repair on components not covered 
by federal regulations.4 High costs are in part due to 
California’s stringent environmental standards.  
Activist groups have proposed increased setback 
requirements of up to 2,500 feet for oil and gas 
production both in the California Assembly and in Los 
Angeles. These proposals seek to shut down production 
around residential areas, schools and hospitals and would 
also limit future development around existing oil and gas 
production since setbacks are reciprocal. In a high-cost 
area such as Los Angeles, whose housing shortage 
contributes significantly to its high cost of living, 
restricting future residential development would 
exacerbate the housing crisis. A great deal of urban infill, 
including hospitals, schools and homes, would not have 
been built had expanded setbacks been in place in the 
past.  
 
Currently, natural gas generates over a third of 
California’s electricity, but natural gas plants are heavily 
relied upon to fill supply constraints due to the 
intermittent nature of renewable energy. California 
Senate Bill 100, enacted in 2018, increased California’s 
mandate that renewables supply 50 percent of retail 
electricity to 60 percent by 2030 and thereby reduce the 
state’s reliance on retail electricity from natural gas. The 
bill also set a state goal for renewables to supply all retail 
electricity by 2045, subject to ensuring affordability and 
reliability of the electricity grid. Eric Garcetti, the current 
mayor of the City of Los Angeles issued a statement in 
February that the LADWP will phase out use of natural 
gas units at its Scattergood, Haynes and Harbor plants, 
which represent about 38 percent of the city’s current 
natural gas portfolio. However, the Mayor has 
acknowledged that the city will continue to rely for 



4 Los Angeles Oil and Gas Producers are Highly Regulated by 
California Air Resources Board and South Coast Air Quality 
Management District, Californians for Energy Independence, January 
2019. 
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several years on imported electricity generated in other 
states from coal and natural gas. Statewide, it’s expected 
that natural gas will continue to be required to fill supply 
constraints until the technology is developed and proven 
that may enable distributed energy resources (DER) to 
meet spikes in electricity demand in an affordable and 
reliable manner. 
 
Finally, the market segment of the industry is selling their 
products to consumers who are facing ever increasing tax 
rates for gasoline and diesel at the point of purchase, 
which eats into their expendable income. In April 2017, 
then Governor Jerry Brown signed California Senate Bill 
1, which, starting November 1, 2017, increased the state 
excise tax on gasoline and increased both the state excise 
tax and sales tax rate on diesel fuel. 



The fuel tax burden is being shouldered 
disproportionately by lower income households who are 
increasingly forced into longer commutes due to 
increasing housing costs. Electric vehicles are typically 
purchased by households with higher incomes due to the 
cost differential between electric vehicles and internal 
combustion engine (ICE) vehicles; starting in 2020 
electric vehicle owners (among the wealthiest 
demographic in California) will pay an annual fee of only 
$100 in lieu of gas taxes. 
 
Over time, the oil and gas industry has had to 
continuously innovate and adapt to major changes in the 
industry and shifting societal expectations. These new 
regulations and those that are in discussion currently will 
present challenges to the industry; however, consumers’ 
need for oil and gas has helped the industry innovate 
many times, and it is continuing to do so. 
 



 



 
5 Kern County is regulated by the San Joaquin Valley Air Pollution 
Control District applying rules similar to the SCAQMD. 



Exhibit 2-26 
Emission Control Regulations in California Are the Most Stringent in the Nation 
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3   California’s Oil and Gas Industry Workforce 
 



 
he oil and gas industry employs a large number of 
people in California, providing a myriad of 
employment opportunities for a diverse group of 



individuals across the different component industries. As 
job duties vary, so do the required skills and education 
levels for job entry. Wages vary with occupations in the 
industry, with many associated with high wages. 
 



Oil and Gas Industry Employment  
 
The oil and gas industry has proven itself to be valuable 
to the state’s economy. The industry provides jobs for 
individuals across the skills spectrum with relatively high 
wages and benefits. Employment in the industry was 
more resilient than other private industries as a whole 
and performed well in its post-recession recovery. While 
the industry does react to contractions in the economy, 
the magnitude of these reactions are milder than those 
experienced by other private industries.  
 
Exhibit 3-1 displays private payroll employment in the oil 
and gas industry as a whole and for all other private 
industries in California, indexed to 2001 employment 
levels. Values of 100 mean that the employment level is 
equal to that seen in the base year (2001).  
 



 
 
The Great Recession caused private employment levels to 
dip below that of the base year and has rebounded, 
posting a consistent gain from the lowest level in 2010, 
and exceeding the pre-recession peak by close to 16 
percent in 2017.  
 
In contrast, the oil and gas industry exhibited more post-
recession buoyancy; the industry rebounded from the 



lowest level, also in 2010, to base year levels a year earlier 
than other private industry and beating the prerecession 
peak starting in 2012. Oil and gas industry employment 
declined by nearly two percent in 2015 after four 
consecutive years of growth, as result of low crude prices 
and high inventories; however, employment growth in 
2016 and 2017 rebounded with the current level 
exceeding the pre-recession peak by 6 percent. 
Employment in 2017 in the industry, was 8 percent 
higher in the state compared to the industry employment 
level in the base year of 2001. 
 
Looking at the oil and gas industry by industry segment 
reveals several trends in employment (Exhibit 3-2). 
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Exhibit 3-1
California Oil and Gas Industry 
Employment in Context (2001=100)
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Source: CA EDD; Estimates by LAEDC
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Exhibit 3-2
California Oil and Gas Industry by Segment 
Employment in Context (2001=100)
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Other Private Industries Source: CA EDD; Estimates by LAEDC
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The upstream and midstream industry segments show 
correlation with their employment trends. While payroll 
employment in both segments dipped as a result of the 
recession, employment in these segments was more 
resilient than the downstream and market segments and 
other private industries; neither fell below base year 
employment (2001). The upstream segment was 
impacted by the industry’s downturn which began in 
2014 and some payroll employment was lost between 
then and 2017, but midstream employment has remained 
relatively constant since 2012. In 2017, payroll 
employment in the upstream and midstream segments 
was higher than base year employment by 13.2 percent 
and 26.4 percent, respectively.  
 
Industries that bring oil and gas products to the end-user 
(market segment) almost mirror the employment trend 
of the larger economy (other private industries). This 
comes as no surprise; consumer spending increases as 
unemployment decreases. In 2017, market industries 
were 8.1 percent higher than in the base year. 
Employment in downstream operations has not been so 
resilient; the refinery industry has been challenged by 
regulatory mandates and unplanned refinery outages. 
While there has been an uptick in the number of workers 
added to the payroll in the segment over the last two 
years, in 2017, employment was still 20 percent below 
that of the base year. 
 
Another feature of the oil and gas industry is the higher 
annual wages paid in most component industries, as 
shown in Exhibit 3-3. With the exception of petrochemical 
manufacturing, fuel dealers and gasoline stations, wages 
in each of the component industries listed exceed the 
average annual wage in the state. These wages include 
benefits and compensation for overtime. 
 
Opportunities for Upward Mobility 
 
Upward mobility is the ability for an individual to move 
to improve their economic status. Individuals with lower 
economic status face more challenges including poverty, 
affordability of housing and utilities, living in higher 
crime areas, difficulty meeting the expense of obtaining 
higher levels of education, challenges with child care and 
transportation issues, to name a few.   
 
Industries with upward mobility opportunities help 
individuals with lower levels of education and skills to 
obtain jobs that provide a living wage or higher. A living 
wage is the wage one must earn in order to support their 
family at a minimum standard of living. According to the 
MIT living wage calculator, a resident in California alone 
must earn $30,400, and if they are the sole provider for a 



family of four (one other adult and two children) they 
must earn $63,800 per year. 
 



Exhibit 3-3  
Oil and Gas Industry Wages  
California 2017 



 



NAICS 



   



Industry  
Ave Annual 



Wage 
   



211 Oil and gas extraction $227,241 
213111 Drilling oil and gas wells 116,824 
213112 Support activities for oil and gas operations 75,589 



2212 Natural gas distribution 133,596 
23712 Oil and gas pipeline construction 80,343 
32411 Petroleum refineries 156,762 



324191 Petroleum lubricating oil and grease mfg. 80,626 
32511 Petrochemical manufacturing 333,824 



333132 Oil and gas field machinery and eqpmt mfg. 68,943 
4247 Petroleum and petroleum prods wholesalers 79,092 



447 Gasoline stations 25,435 
45431 Fuel dealers 56,349 



486 Pipeline transportation 109,284 
   



Oil and Gas Industry 80,374 
    



All other private industries 65,340 
All private industries in CA 65,490 
  
Note: Excludes non-employers and independent contractors 
Source: CA EDD; Estimates by LAEDC 



 



 
In the past, manufacturing was a well-known industry for 
people with lower levels of education to earn a good 
living; however, manufacturing has been on a long-term 
sectoral decline in employment in California and does not 
offer the same opportunities as it did decades ago. The oil 
and gas industry is an industry that still offers stable 
employment opportunities with high wages and benefits 
to individuals with lower levels of education. Examples of 
occupations in the oil and gas industry that require a high 
school level education or below include gas plant 
operators (median wage of $99,620), oil and gas derrick 
operators (median wage of $51,800) and oil and gas 
service unit operators (median wage of $56,010). 
 
The oil and gas industry operates in close geographic 
proximity to wherever reserves are found—often in rural 
areas with limited industry. Without a diverse economic 
base, these rural areas typically have challenges in 
attracting and sustaining other industries. Oil and gas 
industries provide much needed employment 
opportunities with higher than average wages, 
translating into larger indirect and induced effects that 
expand throughout the economy.   
 
  











California’s Oil and Gas Industry Workforce   California’s Oil and Gas Industry in 2017 



  Institute for Applied Economics   19 



The Employment and Price Relationship 
 
Increased domestic oil production in mid-continent 
states resulting from horizontal drilling techniques and 
hydraulic fracturing combined with high levels of output 
by the Organization of Petroleum Exporting Countries 
(OPEC) led to a global supply glut that caused oil prices to 
plummet and sent the oil and gas industry into a 
significant downturn the second half of 2014. Extended 
periods of low commodity prices in the oil and gas 
industry have resulted in decreased activity in extraction 
and refinery operations and, consequently, job losses.  
 
During downturns, such losses are not limited to those 
working in oil fields and refineries, as companies in oil 
and gas industries to decrease their payrolls in office 
admin roles, IT staff, workers in finance and legal, and in 
marketing. At lower prices, new drilling and other 
projects are put on hold, which impacts jobs in the energy 
supply chain such as equipment manufacturers, shippers 
and construction crews.  This also results in declining in-
state production and increases Californians’ dependence 
on imported energy. 
 
Exhibit 3-4 shows annual average payroll employment in 
the oil and gas industry in California from 2001 through 
2017, overlaid with annual average spot prices for the 
West Texas Intermediate (WTI) and Brent benchmarks.  
 



 



Mid-2014 marked the beginning of a precipitous fall in 
the price of oil that bottomed out in 2016, with annual 
averages of spot prices for both WTI and Brent 
benchmarks experiencing their lowest annual averages 
since 2005. From 2014 to 2015, payroll employment in 
the oil and gas industry in California lost just over 2,600 
jobs, the industry’s first employment decline after four 
consecutive years of growth, but 2016 and 2017 saw the 
industry adding nearly 6,000 worker to its payrolls and 



reaching 152,110 payroll jobs in 2017, job growth of 6 
percent over the two-year period.    



Industry Occupations  
 
An occupation is classified according to the set of 
activities or tasks that an employee is paid to perform. 
Some occupations are specific to an industry, but others 
exist in a number of different industries, for example, 
customer service representatives, salespersons, 
accounting staff and receptionists.  
 
Occupations are classified by the Standard Occupational 
Classification (SOC) System. Workers fall into one of 810 
detailed occupations, which are combined into 23 major 
groups. Each occupation requires its own skill set and 
education levels. The distribution of employment by 
major occupational group specific to the oil and gas 
industry in California is displayed in Exhibit 3-5.  
 



 
 
Just under 40 percent of workers in the industry are 
employed in sales occupations, another 15 percent in 
office and administrative, business and financial, and 
management occupations combined, and another 40 
percent (combined) work in occupations in construction 
and extraction, production, installation and maintenance, 
and transportation and material moving.  
 
It should be noted that this occupational distribution 
includes individuals employed at gas stations. Gas 
stations represent the retail side of the oil and gas 
industry and account for a large share of industry 
employment. Activities taking place at retail gas stations 
are dissimilar to activities taking place in other oil and gas 
industries, many of which involve production and 
distribution.  
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Exhibit 3-4
Payroll Jobs and Spot Prices FOB ($US per barrel)
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Source: EIA, estimates by LAEDC
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Occupational Distribution of Oil and Gas Industry
(Incuding gas station industry)
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Including gasoline stations in an occupational analysis 
skews average annual wages of occupations in the oil and 
gas industry downward, and also affects the occupational 
composition of the oil and gas industry. Many gas station 
jobs require lower skill levels and are associated with 
average annual wages significantly lower than found in 
other oil and gas industries. This skewing is evident in the 
next exhibit as the oil and gas industry outside of gasoline 
stations is reviewed. (The gas station industry is shown 
separately in the following section). Exhibit 3-6 shows the 
distribution of employment in the California oil and gas 
industry by major occupational group excluding gasoline 
stations.  
 



 
 
 
Excluding gasoline stations, the largest share of the oil 
and gas workforce is employed in construction and 
extraction occupations and in production 
(manufacturing) occupations, with employment shares of 
36 percent and 14 percent, respectively. Transportation 
and material moving occupations account for 10 percent 
of industry employment and office and administrative 
occupations, which includes bookkeepers and accounting 
clerks, utility meter readers, office clerks, stock clerks and 
order fillers, dispatchers and customer service 
representatives, account for 9 percent.  
 
The wages of occupations in the oil and gas industry vary 
widely. Exhibit 3-7 shows average annual wages in the oil 



and gas industry in California for the different major 
occupational groups. 
 



 
 
A wide variety of detailed occupations exist in each major 
occupational group. The top 20 detailed occupations by 
employment share in the oil and gas industry in California 
and their associated wages in 2017 are shown in Exhibit 
3-8, followed by the top 20 by average annual wages in 
Exhibit 3-9.  
 
The top twenty detailed occupations account for more 
than half of the industry’s workforce. In contrast, the top 
twenty highest paid occupations account for just over 5 
percent of the workforce.   
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Exhibit 3-6
Occupational Distribution of Oil and Gas Industry
(Excluding gas station industry)
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Average Wages by Major Occupational Group 
California Industry in 2017
(Excluding gas station industry)



Source: OES
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Exhibit 3-8     
Detailed Industry Occupations by Employment Share (Excluding Gas Station Industry) 
Largest Employment Share in California 2017     



SOC Detailed Occupation 
Emp Share  



(%) 
Average 



Annual Wage 
       



47-2061 Construction Laborers 9.4% $47,430  
51-8093 Petroleum Pump System/Refinery Operators/Gaugers 6.3% $81,580  
47-2073 Operating Engineers/Other Construction Equipment Operators 4.8% $61,720  
47-1011 First-Line Sups-Construction Trades/Extraction Workers 4.7% $87,330  
47-5013 Service Unit Operators, Oil/Gas/Mining 3.0% $56,330  
47-2151 Pipelayers 2.8% $54,780  
11-1021 General and Operations Managers 2.7% $31,380  
53-3032 Heavy and Tractor-Trailer Truck Drivers 2.7% $47,390  
49-9012 Control/ Valve Installers/ Repairers, Except Mechanical Door 2.5% $65,640  
53-7062 Laborers/Freight/Stock/Material Movers, Hand 2.3% $34,480  
41-4012 Sales Reps, Wholesale/Mfg., Except Tech/Scientific Products 2.0% $85,170  
43-9061 Office Clerks, General 1.9% $39,470 
47-5012 Rotary Drill Operators, Oil and Gas 1.9% $62,580  
51-4121 Welders, Cutters, Solderers, and Brazers 1.9% $48,300  
17-2171 Petroleum Engineers 1.8% $139,330 
47-5021 Earth Drillers, Except Oil and Gas 1.8% $59,5805  
47-5071 Roustabouts, Oil and Gas 1.6% $38,420 
11-9021 Construction Managers 1.5% $152,490 
43-3031 Bookkeeping/Accounting/Auditing Clerks 1.4% $51,460  
47-5081 Helpers--Extraction Workers 1.3% $41,060  



     
 Other Occupations 41.5%   



Source: OES   
 



Exhibit 3-9     
Detailed Industry Occupations by Average Annual Wages (Excluding Gas Station Industry) 
Highest Annual Wage in California 2017     



SOC Detailed Occupation 
Emp Share  



(%) 
Average 



Annual Wage 
       



11-1011 Chief Executives 0.03% $224,900  
23-1011 Lawyers 0.01% $213,490  
11-9121 Natural Sciences Managers 0.01% $185,400  
11-3021 Computer and Information Systems Managers 0.02% $185,040  
11-9041 Architectural and Engineering Managers 0.18% $156,230  
11-9021 Construction Managers 1.54% $152,490  
11-3031 Financial Managers 0.44% $147,960  
11-2021 Marketing Managers 0.02% $143,150  
11-3061 Purchasing Managers 0.01% $140,430  
11-3051 Industrial Production Managers 0.19% $139,620  
17-2171 Petroleum Engineers 1.83% $139,330  
11-3121 Human Resources Managers 0.01% $134,170  
11-3011 Administrative Services Managers 0.38% $133,180  
17-2061 Computer Hardware Engineers 0.00% $131,850  
15-1133 Software Developers, Systems Software 0.02% $130,340  
15-1152 Computer Network Support Specialists 0.05% $126,030  
15-1143 Computer Network Architects 0.32% $125,320  
15-1132 Software Developers, Applications 0.02% $122,030  
17-2141 Mechanical Engineers 0.22% $114,230  
13-1111 Management Analysts 0.10% $113,960  



       
 Other Occupations 94.60%   



Source: OES   
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Gas Station Industry 
 



 



Gasoline stations represent the retail side of the oil and 
gas industry, with products being sold to the end user.  
 
The distribution of employment by major occupational 
group specific to gas stations in California is shown in 
Exhibit 3-10. The majority of individuals in this industry 
segment work in sales occupations, close to 80 percent. 
Most of these workers are cashiers. Workers in office and 
administrative occupations and transportation and 
material moving occupations rank second and third, each 
with employment shares of 5.3 percent and 4.6 percent 
respectively. The fourth largest group in terms of 
employment is installation, maintenance and repair 
occupations, with 3.7 percent of workers.  
 
The wages of these occupations also vary substantially. 
Exhibit 3-11 shows the average wages in the gas station 
industry in California for the different major occupational 
groups.  
 
As expected, the highest average annual wages are paid to 
those in management occupations. Sales occupations, 
which account for close to 80 percent of gas station 
industry employment, have a median wage of $27,230 per 
year. Overall, the industry median is $30,080 annually.   
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Exhibit 3-10
Occupational Distribution of Gas Station Industry



Source: OES
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Exhibit 3-11
Annual Median Wages of Gas Station Industry
California 2017



Source: OES
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Future Scan of Workforce Needs 
 



 



The oil and gas industry employed over 152,000 payroll 
employees in California in 2017. Industry employment is 
expected to grow moderately, by close to 2 percent 
between 2017 and 2022, with mixed performance across 
the various component industries. Overall, it is expected 
that close to 2,500 payroll jobs will be created in the 
industry in California over the next five years. It is 
important to note that this projection assumes flat 
commodity prices for crude oil, natural gas, and refined 
products through 2022.6  
 
California’s position as an energy island that is highly 
dependent on waterborne imported crude oil from the 
Middle East and Latin America (and natural gas pipelines 
from Canada and other states) exposes its residents and 
businesses to risks of significant supply shortages and 
price spikes from international turmoil, competition from 
other large energy consumers like China and India, and 
transportation disruptions. Sustained increases in 
commodity prices would be expected to increase these 
employment projections significantly. 
 
The highest number of openings will be found in the 
market segment, those marketing oil and gas products to 
the end user; these industries are expected to add an 
estimated 3,000 net new jobs over the next five years, with 
most of that growth led by gasoline stations. Gasoline 
stations are a local-serving industry, meaning it is highly 
correlated with population, as population growth takes 
place in more affordable areas, the number of gasoline 
stations will increase to support the area’s increased 
transportation needs. 
 
Midstream industries will provide the second highest 
number of openings, with just over 1,300 jobs forecast to 
be added over the period. Payroll employment growth in 
the midstream segment is expected to be led by the 
construction of oil and gas pipelines and related structures 
within California, which includes construction of oil and 
gas lines, mains, gas and petrochemical plants, oil 
refineries, and storage tanks. The work performed may 
include new work, reconstruction, upgrades, repairs and 
maintenance. Job growth in this segment may also stem 
from resumption of capital projects deferred during the 
downturn. 
 



 
6 California’s position as an energy island that is highly dependent 
on waterborne imported crude oil from the Middle East and Latin 
America (and natural gas pipelines from Canada and other states) 
exposes its residents and businesses to risks of significant supply 
shortages and price spikes from international turmoil, competition 



 
Over the next five years, California’s upstream segment of 
the oil and gas industry is expected to experience a decline 
in payroll employment of just about 7 percent, 
approximately 1,500 jobs. Producers are still rebounding 
from the industry downturn and remain cautious. 
Manufacturers of oil and gas field machinery will be feeling 
the effects of producers operating conservatively; their 
employment situation will improve once producers feel 
more optimistic and capital projects pick up again.  
 
Downstream industries in California are forecast to have 
relatively stagnant job growth between 2017 and 2022. 
Manufacturing of petrochemicals and petroleum 
lubricating oil and grease are expected to add jobs, but the 



from other large energy consumers like China and India, and 
transportation disruptions. Sustained increases in commodity prices 
would be expected to increase these employment projections 
significantly. 



Exhibit 3-12 
5-Year Oil and Gas Industry Workforce Needs 
California 2017 to 2022 



  



2017 
Payroll 



Jobs 



2022f 
Payroll 



Jobs 



2017-22f 
Change 



(%) 
Upstream Segment    



Oil and gas extraction 9,877  9,200  -6.8 
Drilling oil and gas wells 3,050  2,930  -3.9 
Support activities for oil and gas operations 6,437  6,030  -6.3 
Oil and gas field machinery/ equipment mfg. 1,359  1,040  -23.4 
    



Midstream Segment    
Oil and gas pipeline and related construction 10,668  11,760  10.2 
Petroleum and petroleum products wholesale 7,958  8,500  6.8 
Pipeline transportation 2,091  1,780  -14.9 
    



Downstream Segment    
Petroleum refineries 11,270  10,890  -3.4 
Petroleum lubricating oil and grease mfg. 818  840  3.0 
Petrochemical manufacturing 13  20  34.8 
    



Market Segment    
Natural gas distribution 33,371  32,890  -1.4 
Gasoline stations 62,004  65,230  5.2 
Fuel dealers 3,178  3,470  9.1 
    



Total Oil and Gas Industry 152,095  154,590  1.6 
        
Source: QCEW, estimates by LAEDC 
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declines expected in the refinery industry (close to 400 
jobs) negate job growth in the segment overall.  
 
Additional job openings over the next five years will arise 
related to job churn, replacement openings that result 
from workers switching jobs, the retirement of existing 
workers, or workers separating from the industry. 
Additional job opportunities will exist for independent 
contractors as well, many of which are high-paying union 
construction jobs with benefits.    
 



The Talent Pipeline 
 
The oil and gas industry is characterized by a bimodal 
distribution of education. At one end of the distribution lie 
high-skilled, educated petroleum and geophysical 
engineers and finance and business managers. At the other 
end of the educational distribution are construction, 
extraction, and transportation workers — who are often 
highly-skilled but who typically have less educational 
attainment. 
 
Current Training Programs 
 
Entry-level and lower-skilled jobs associated with the oil 
and gas industry traditionally have two tiers of training, 
both of which are primarily on-the-job. For example, 
positions such as derrick operators and roustabouts 
require as little as a few days or a few months of training, 
whereas other positions, such as unit operators or rotary 
drill operators, may require up to a year of working 
alongside an experienced employee, or completion of a 
recognized apprenticeship program. To ensure that their 
production facilities or refineries are constructed and 
maintained by a highly qualified workforce several 
California oil and gas companies have Project Labor 
Agreements with the California Building and Construction 
Trades Council, whose 300 locals throughout the state 
have about 450,000 members and are currently training 
about 20,000 apprentices in skilled crafts. 
 
For positions such as these, educational attainment has 
little to do with job preparedness. Rather, most jobs call for 
candidates with a high school diploma (or equivalent), 
consistent with a majority of oil workers. Employers are 
more likely to value transferable skills and experience than 
educational attainment for many oil and gas industry 
positions. 
 
In recent years, trade school and technical programs have 
started to form in and around areas of extraction or 
refinery operations. These programs aim to reduce the 



time spent training on-the-job and create an occupation-
ready workforce. We briefly discuss some of the training 
options that exist in California for individuals interested in 
working in the oil and gas industry. 
 
It is important to note that entry-level oil and gas 
occupations often do not require post-high school 
education. Hence applicable programs that exist in high 
school bring the potential workforce up to minimum 
qualifications by allowing students to earn their high 
school diploma while giving them a competitive edge with 
entry-level training and opportunities to grow their skills 
on the job through more advanced training. Several 
programs exist in California including: 
 



 Taft Union High School Oil Technology Academy 
(Taft, CA) 



 Independence High School Energy and Utilities 
Career Academy (Bakersfield, CA) 



 Edison High School Green Energy Technology 
Academy (Fresno, CA) 



 Venture Academy New Energy Academy 
(Stockton, CA) 



 
Community colleges and vocational schools across the 
state offer associate degrees, certificates and courses in 
manufacturing and industrial technology fields. 
Manufacturing and industrial operations programs may 
not be directly applicable to the oil industry, but they may 
give prospective employees transferable skills and 
experience with heavy machinery, which may better 
prepare prospective employees for a job in the industry.  
 
Programs that train individuals for specific roles in the oil 
and gas industry also exist at the community college level. 
 
Coastline Community College (Fountain Valley, CA) 



 Process Technology Certificate 
o Don Knabe Energy Pathway Program 



(DKEPP) is a partnership with Coastline 
Community College, Phillips66, Torrance 
Refining Company, Chevron, Andeavor, USW 
Local 675, World Oil Refining, World Oil 
Recycling, General Mills, Los Angeles 
Sanitation Districts, and the United Way of 
Greater Los Angeles. It provides entry level 
education and training in process systems, 
technology and safety (with emphasis in 
petrochemical and wastewater treatment).  



 
Laney College (Oakland, CA) 



 Continuing education and professional 
development programs:  
o Gas Transmission Pipe Welding 



 Certificate programs:  
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o Industrial Maintenance 
 Programs with Certificate or associate degree 



options:  
o Commercial HVAC, Residential and Light 



Commercial HVAC/R,  
o Building Automation Systems, and  
o Welding Technology. 



 Associate degree programs:  
o Machine Technology 



 
Los Angeles Trade Technical College (Los Angeles, CA) 



 Process Technology Certificate (PTEC) 
o The PTEC program prepares students to work 



as process operators in the oil and gas, power 
generating, wastewater treatment, 
pharmaceutical, and other industries. 



 
At the university level, multiple Cal State and University of 
California schools, Stanford and the University of Southern 
California (USC) offer degree programs that train 
individuals for the industry. While Cal State University in 
Bakersfield, Long Beach, and Cal State Polytechnic in San 
Luis Obispo are perhaps best known for educating energy 
workers, other campuses like Cal State Dominguez Hills 
(featured below) also provide excellent industrial 
education and training to help students succeed in 
California’s oil and gas industry. 
 
California State University Dominguez Hills 
(Dominguez Hills, CA) 



 Refinery Safety Technician Certificate 
o Participants will be prepared with a solid 



foundation to assist refinery safety managers 



in facilitating OSHA regulations and meeting 
performance expectations of employers. 



 
University of Southern California (Los Angeles, CA) 



 Certificate programs:  
o Smart Oilfield Technologies,  
o Systems Architecting and Engineering, and 



Engineering Technology Commercialization. 
 Bachelor's degree programs:  



o Chemical, Civil, Electrical, Industrial & 
Systems, and Mechanical Engineering. 



 Postgraduate degree programs:  
o Petroleum Engineering,  
o Industrial and Systems Engineering,  
o Engineering Management,  
o Product Development Engineering,  
o Systems Architecting and Engineering,  
o Chemical Engineering, and  
o Materials Engineering. 



 
Stanford University (Palo Alto, CA) 



 Certificate programs:  
o Management Science and Engineering,  
o Molecular Engineering of Energy 



Technologies, and  
o Energy Innovation and Emerging 



Technologies. 
 Master's degree programs:  



o Chemical Engineering,  
o Civil and Environmental Engineering,  
o Electrical Engineering,  
o Management Science and Engineering,  
o Materials Science and Engineering, and  
o Mechanical Engineering.
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Characteristics of the Industry Workforce in California
 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
 
Sex of Workforce 
 
Workers in the oil and gas industry are predominantly 
male. In 2017, males represented 75.4 percent of the 
workforce (Exhibit 3-13).  
 
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with almost 
half being in the 35 to 54 years of age group (Exhibit 3-
14). Still, workers aged 55 years and older accounted for 
26.2 percent, a significant share of the industry 
workforce.  
 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit 3-15). Workers reporting 
their race as white accounted for just over half of the 
workforce, with those reporting their ethnicity as 
Hispanic or Latino (all races) accounting for nearly 30 
percent.  10.8 percent of industry workers reported as 
Asian and 6 percent identified as Black. 
 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit 3-16). 
Approximately 31 percent of the workforce has a high 
school education or less; 20 percent have a high school 
diploma and 11 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for 32 percent of the workforce, and 
34.7 percent have earned a bachelor’s degree or higher. 
While almost a third of the workforce has up to a high 
school education, these jobs in oil and gas industries are 
associated with higher earnings compared to those with 
the same levels of education across all industries in the 
state (Exhibit 3-17).   
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Exhibit 3-16
Educational Attainment
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Changes in Workforce Characteristics in California Over Time 
 
The composition of the workforce in the oil and gas 
industry changes over time. A comparison of worker 
characteristics in this report (2017) and the two previous 
industry reports (2013 and 2015) are presented. 
 
Sex of Workforce 
 
While the oil and gas industry has been a predominantly 
male dominated industry, women represented a 
quarter of workers in the oil and gas industry in 
California in 2017. The share of women workers 
declined by almost 8 percentage points between 2015 
and was about 6 percentage points below their share in 
2013. (Exhibit 3-18). 
 
Age of Workforce 
 
The majority of the workforce in the state has been in its 
prime working age—between 22 years and 54 years of 
age across all three years reported; however, in 2017, 
there is an increased share of workers ages 35 to 54 years, 
up to 51 percent from 44 percent in 2015. Workers 55 
years and above, increasing by 1 percentage point to 26 
percent of the workforce from 2015, Workers in 
younger cohorts declined between 2015 and 2017. 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity, though there has not been 
much change in the racial and ethnic composition of 
the workforce over time at the state level (Exhibit 3-
20). Workers reporting their ethnicity as Hispanic or 
Latino (all races) have been hovering around 30 percent 
of the industry’s workforce in California’s across all three 
years reported. Workers reporting their race as Asian 
accounted for 13 percent in 2013 and 2015, with their 
share declining slightly to 11 percent in 2017. Finally, 
workers reporting their race as black accounted for 
approximately 6 percent of the workforce across all three 
years reported. 
 
Educational Attainment of Workers 
 
Over the last five years reported, the number of workers 
with lower levels of education has declined, while those 
with a community college level education, or a bachelor’s 
and above has increased (Exhibit 3-21). Workers with 
less than a high school education lost their share of the 
industry workforce by 6 percentage points and those with  



 



 



 



 
 
a high school level education lost 2 percentage points 
between 2015 and 2017. The N/A category, which 
includes workers ages 24 years and below, have also 
declined over the period.  
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Workforce in the California Oil and Gas Industry
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Occupations Specific to the Oil and Gas Industry 
 
While many occupations are required to successfully operate 
businesses in the oil and gas industry, there are some occupations 
that are uncommon or do not exist in other industries. These 
specialized occupations are unique to the oil and gas industry and, as 
such, we explore each of these identified occupations and look at the 
characteristics of the workers to provide insight into who is working 
in these jobs in the industry.  
 
Ten detailed occupations have been identified as being unique to the 
oil and gas industry in California. These occupations exist across the 
skills spectrum, all with higher than average wages and many 
requiring less than a bachelor’s degree for entry. We compiled 
detailed information for each occupation in California with wages 
and worker characteristics data for 2017.   
 
The information on current and projected employment, wages and 
demographics can be used by employers or educational institutions 
to tailor workforce development programs for their specific needs 
and to guide outreach to potential workers and/or students to 
market promising career paths.  
 
Each California occupational profile sheet contains metrics for the occupation including: 
 



 Number of current Jobs in 2017 and projected jobs in 2022 
 Annual wages paid in 2017  
 Worker characteristics, including: 



 Educational attainment;  
 Age distribution;  
 Race and ethnicity;  
 Gender;  
 Veteran status: and  
 A comparison of each with the average across all occupations in all industries (total workforce). 



 
Oil and Gas Specific Occupations: 



 
 Petroleum Engineers (SOC 17-2171) 
 Geological and Petroleum Technicians (SOC 19-4041) 
 Pipe layers (SOC 47-2151) 
 Derrick, Rotary Drill, and Service Unit Operators, Oil, Gas, and Mining  



 Derrick Operators, Oil and Gas (SOC 47-5011) 
 Rotary Drill Operators, Oil and Gas (SOC 47-5012) 
 Service Unit Operators, Oil, Gas, and Mining (SOC 47-5013) 



 Other Extraction Workers 
 Roustabouts, Oil and Gas (SOC 47-5071) 
 Helpers--Extraction Workers (SOC 47-5081) 



 Miscellaneous Plant System Operators 
 Gas Plant Operators (SOC 51-8092) 
 Petroleum Pump System Operators, Refinery Operators, and Gaugers (SOC 51-8093) 



 
 



This Photo by Unknown Author is licensed under CC BY-NC-ND 





http://bakkenoilbiz.com/oil-drilling/new-montana-state-fund-campaign-urges-bakken-workers-to-take-personal-responsibility-for-safety/


https://creativecommons.org/licenses/by-nc-nd/3.0/
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Petroleum Engineers 
 



 
Regional Worker Characteristics 
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Petroleum Engineers (SOC 17-2171) 
Petroleum engineers devise methods to improve oil and gas 
extraction and production and determine the need for new or 
modified tool designs. They oversee drilling and offer technical 
advice. 



 
Petroleum Engineers 
2,240 jobs in 2017 
 
Entry-level education: 
Bachelor's degree 
 
On-the-job training: 
None 
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Geological and Petroleum Technicians 
 



 
Regional Worker Characteristics 
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Geological and Petroleum Technicians (SOC 19-4041)  
Geological and petroleum technicians assist scientists or engineers 
in the use of electronic, sonic, or other measuring instruments in both 
laboratory and production activities to obtain data indicating potential 
resources such as minerals, natural gas, or crude oil. They analyze 
mud and drill cuttings and they chart pressure, temperature, and 
other characteristics of wells or bore holes. Geological and petroleum 
technicians investigate and collect information leading to the possible 
discovery of new minerals, gas, or petroleum deposits. 



 
Geological and Petroleum Technicians 
1,590 jobs in 2017  
 
Entry-level education:  
Associate degree 
 
On-the-job training:  
None 
 



 



   
 



  



Jobs in CA: 
1,590 



in 2017 
 



1,600 
Projected jobs 
 2017 to 2022 
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Pipelayers 
 



 
Regional Worker Characteristics 
 



 
 



 
 



 



 
 



 
 



 
 
 



 
 
 



 



16.5%



7.6%



38.5%



17.7%



40.9%



33.5%



3.6%



25.5%



0.5%



15.7%



Occupation



Total Workforce



Educational Attainment



Less HS High School AA BA Grad



48.7%



36.6%



40.0%



40.2%



4.1%



15.0%



4.7%



5.0%



2.6%



3.3%



Occupation



Total Workforce



Race and Ethnicity



Hispanic White Asian Black Other



7.9%



12.3%



38.7%



35.1%



35.6%



32.4%



17.8%



20.1%



Occupation



Total Workforce



Age



Under 24 25 to 39 40 to 54 54 and over



$31,350



$39,200



$50,700



$62,480



$75,270



10th Percentile



25th Percentile



Median



75th Percentile



90th Percentile



Annual Wages in 2017
Pipelayers



98.2%



54.4%



1.8%



45.6%



Occupation



Total Workforce



Gender Male Female



8.3%



5.0%



91.7%



95.0%



Occupation



Total Workforce



Veteran Status Veteran Non Veteran



Pipelayers (47-2151)  
Pipelayers lay pipe for oil and natural gas pipelines, utilities, storm or 
sanitation sewers, drains, and water mains. They perform any 
combination of the following tasks: grade trenches or culverts, 
position pipe, or seal joints. 



 
Pipelayers (47-2151) 
3,260 jobs in 2017  
 
Entry-level education:  
No formal educational credential 
 
On-the-job training:  
Short-term on-the-job training  



   
 



  



Jobs in CA: 
3,260 



in 2017 
 



3,400 
Projected Jobs 
 2017 to 2022 
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Derrick, Rotary Drill and Service Unit Operators, Oil, Gas, and Mining 
 



 
Regional Worker Characteristics 
 



 



 



 
 



 
 



  
 



 
 



 
 



 



11.3%



7.6%



49.8%



17.7%



30.9%



33.5%



7.5%



25.5%



0.6%



15.7%



Occupation



Total Workforce



Educational Attainment



Less HS High School AA BA Grad



35.8%



36.6%



51.9%



40.2%



0.5%



15.0%



7.6%



5.0%



4.2%



3.3%



Occupation



Total Workforce



Race and Ethnicity



Hispanic White Asian Black Other



12.2%



12.3%



47.5%



35.1%



25.0%



32.4%



15.3%



20.1%



Occupation



Total Workforce



Age



Under 24 25 to 39 40 to 54 54 and over



92.1%



54.4%



7.9%



45.6%



Occupation



Total Workforce



Gender Male Female



$34,840



$42,710



$51,800



$60,600



$69,160



10th Percentile



25th Percentile



Median



75th Percentile



90th Percentile



Annual Wages in 2017
Derrick Operators



$36,170



$49,040



$61,550



$85,760



$98,200



10th Percentile



25th Percentile



Median



75th Percentile



90th Percentile



Rotary Drill Operators



$36,820



$45,320



$56,010



$63,070



$78,050



10th Percentile



25th Percentile



Median



75th Percentile



90th Percentile



Service Units Operators



4.2%



5.0%



95.8%



95.0%



Occupation



Total Workforce



Veteran Status Veteran Non Veteran



Derrick Operators, Oil and Gas (47-5011)  
Oil and gas derrick operators rig derrick equipment and operate 
pumps to circulate mud or fluid through drill hole. 
 
Rotary Drill Operators, Oil and Gas (47-5012)  
Oil and gas rotary drill operators set up or operate a variety of drills 
to remove underground oil and gas or remove core samples for 
testing during oil and gas exploration. 
 
Service Unit Operators, Oil, Gas and Mining (47-5013) 
Oil, gas and mining service unit operators operate equipment to 
increase oil flow from producing wells or to remove stuck pipe, 
casing, tools, or other obstructions from drilling wells. 
 



Derrick Operators, Oil and Gas  
(47-5011)  
560 jobs in 2017  
Entry-level education:  
No formal educational credential 
On-the-job training: Short-term on-the-job training 
 
Rotary Drill Operators, Oil and Gas (47-5012)  
1,090 jobs in 2017    
Entry-level education: No formal educational credential 
On-the-job training: Moderate-term on-the-job training 
 
Service Unit Operators, Oil, Gas and Mining (47-5013) 
2,080 jobs in 2017    
Entry-level education: No formal educational credential 
On-the-job training: Moderate-term on-the-job training 
 



 



Jobs in 
CA: 



5,600 
in 2017 



 



5,700 
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Other Extraction Workers 
 



 
Regional Worker Characteristics 
 



 
 



 
 



 
 



 



 
 
 



  
 



 
 
 



 



22.0%



7.6%



43.9%



17.7%



31.1%



33.5%



3.1%



25.5% 15.7%



Occupation



Total Workforce



Educational Attainment



Less HS High School AA BA Grad



56.0%



36.6%



31.7%



40.2%



0.3%



15.0%



8.1%



5.0%



4.0%



3.3%



Occupation



Total Workforce



Race and Ethnicity



Hispanic White Asian Black Other



11.9%



12.3%



56.4%



35.1%



19.9%



32.4%



11.8%



20.1%



Occupation



Total Workforce



Age



Under 24 25 to 39 40 to 54 54 and over



98.8%



54.4%



1.2%



45.6%



Occupation



Total Workforce



Gender Male Female



$24,920



$27,420



$31,780



$43,700



$56,820



10th Percentile



25th Percentile



Median



75th Percentile



90th Percentile



Annual Wages in 2017
Roustabouts



$50,420 



$44,260 



$36,210 



$30,300 



$24,390 



90th Percentile



75th Percentile



Median



25th Percentile



10th Percentile



Helpers - Extraction Workers



5.4%



5.0%



94.6%



95.0%



Occupation



Total Workforce



Veteran Status Veteran Non Veteran



Roustabouts, Oil and Gas (47-5071)  
Oil and gas roustabouts assemble or repair oil field equipment using 
hand and power tools. Perform other tasks as needed. 
 
Helpers—Extraction Workers (47-5081)  
Extraction worker helpers assist extraction craft workers, such as 
drillers, derrick operators, and machine operators, by performing 
duties including supplying equipment or preparing and cleaning 
work areas.  
 



Roustabouts, Oil and Gas 
1,750 jobs in 2017  
Entry-level education:  
No formal educational credential 
On-the-job training:  
Moderate-term on-the-job training 
 
Helpers—Extraction Workers  
890 jobs in 2017    
Entry-level education: 
High school diploma or equivalent 
On-the-job training: Moderate-term on-the-job training 



 



Jobs in 
CA: 



2,640 
in 2017 



 



2,700 
Projected 



Jobs 
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Miscellaneous Plant System Operators 
 



 
Regional Worker Characteristics 
 



 
 



 
 



 
 



 



 
 
 



 



 
 



 
 
 



 



5.4%



7.6%



27.8%



17.7%



51.1%



33.5%



13.3%



25.5%



2.4%



15.7%



Occupation



Total Workforce



Educational Attainment



Less HS High School AA BA Grad



28.6%



36.6%



54.8%



40.2%



5.0%



15.0%



7.4%



5.0%



4.3%



3.3%



Occupation



Total Workforce



Race and Ethnicity



Hispanic White Asian Black Other



4.1%



12.3%



32.1%



35.1%



33.5%



32.4%



30.3%



20.1%



Occupation



Total Workforce



Age



Under 24 25 to 39 40 to 54 54 and over



91.2%



54.4%



8.8%



45.6%



Occupation



Total Workforce



Gender Male Female



$126,830 



$113,620 



$99,620 



$89,300 



$77,050 



90th Percentile



75th Percentile



Median



25th Percentile



10th Percentile



Annual Wages in 2017
Gas Plant Operators



$102,110 



$94,450 



$81,120 



$64,070 



$47,080 



90th Percentile



75th Percentile



Median



25th Percentile



10th Percentile



Operators and Gaugers 



19.0%



5.0%



81.0%



95.0%



Occupation



Total Workforce



Veteran Status Veteran Non Veteran



Gas Plant Operators (SOC 51-8092)  
Gas plant operators distribute or process gas for midstream or utility 
companies and others by controlling compressors to maintain 
specified pressures on main pipelines. 
 
Petroleum Pump System Operators, Refinery 
Operators, and Gaugers (SOC 51-8093)  
Petroleum pump system and refinery operators and gaugers operate 
or control petroleum refining or processing units. May specialize in 
controlling manifold and pumping systems, gauging or testing oil in 
storage tanks, or regulating the flow of oil into pipelines. 



 
Gas Plant Operators (51-8092) 
1,070 jobs in 2017  
Entry-level education:  
High school diploma or equivalent 
On-the-job training:  
Long-term on-the-job training 
 
Petroleum Pump System Operators,  
Refinery Operators, and Gaugers  
4,530 jobs in 2017    
Entry-level education: High school diploma or equivalent 
On-the-job training: Moderate-term on-the-job training 



 



   
 



  



Jobs in CA: 
5,600 



in 2017 
 



5,700 
Total Openings 
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4   Economic Contribution of Oil and Gas in California 
 



 
xtraction, production, refining and petroleum 
products manufacturing result in highly tradable 
products both consumed domestically and 



exported, producing high revenues, high wage careers 
with benefits and significant fiscal revenues for all levels 
of government. 
 
As part of this study, a customized input-output model 
was developed for the state to estimate the economic 
contribution of the oil and gas industry in California. The 
models measure economic benefits through jobs, labor 
income, economic output, Gross State Product (or Gross 
Regional Product), and fiscal revenues paid to state and 
local governments. Additional details on the methodology 
used in this report can be found in the Appendix.  



Direct Economic Activity 
 
Direct activity associated with the oil and gas industry is 
the direct contribution to the economy of the industry in 
terms of employment, labor income and value added.   
 
Direct employment of the oil and gas industry includes all 
individuals whose employment is directly related to 
business establishments with activities that fall within 
the NAICS codes included in the industry definition. 
Measured on a job-count basis regardless of the number 
of hours worked, it includes full-time, part-time, 
permanent and seasonal employees and the self-
employed. 7  
 
Exhibit 4-1 displays the estimated direct employment 
associated with each component industry in the oil and 
gas industry in California in 2017. Direct employment 
estimates in this report represent activity which would be 
lost to the economy without the presence of the oil and 
gas industry in California. 
 
The oil and gas industry in California provided over 
152,100 jobs in 2017, including independent contractors 
and payroll employees. Just over 40 percent work in or 
support gas stations, about 22 percent in gas distribution 



 
7 The size of workforce in the oil and gas industry is hard to quantify, 
as there are a significant number of temporary and contingent, or 
contract, workers. These workers may live outside the area where 
they are performing their work duties. Data reported according to 
these workers’ mailing address, such as nonemployer data, will 
attribute these workers not by where their work is taking place, but 



and about 7 percent each in oil and gas extraction, oil and 
gas pipeline construction and petroleum refineries.  
 
Exhibit 4-2 shows the distribution of estimated direct oil 
and gas industry employment by sub-region in 2017.  
 
While the number of wells, and both oil and gas 
production levels are highest in the Central Valley/ 
Northern California region, almost half of all industry 
employment is in Southern California.   
 
 



Exhibit 4-1  
Oil and Gas Industry Employment 
California 2017 



 



NAICS 



   



Industry  
Direct 



Employment 
   
Upstream  20,730  
Midstream  20,720  
Downstream  12,100  
Market  98,550  



     
Oil and Gas Industry Employment 152,100 
Percent of California Total Employment 0.9% 
  
Note: Includes non-employers and independent contractors 
Source: Estimates by LAEDC 



 



 
 



 
 



by their associated address, which leads to potential overcounting and 
undercounting of contingent workers at the county-level and sub-
regions. A small labor leakage may take place in state-level data as 
well, due to work contracted with companies from outside of 
California. 



Southern 
California



49%



San Joaquin 
Valley
17%



San 
Francisco 
Bay Area



20%



Central Coast
5%



Rest of State
9%



Exhibit 4-2
Oil and Gas Direct Employment 
By Sub-Region 2017



Sources: Estimates by LAEDC



Direct Industry 
Employment:



152,100



E   
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Labor income in the oil and gas industry is the value of all 
earnings received by both payroll employees and the self-
employed, including benefits such as health insurance 
and pension plan contributions. Total labor payments by 
industry are presented in Exhibit 4-3. 
 
 



Exhibit 4-3  
Oil and Gas Industry Labor Income 
California 2017 



 



NAICS 



   



Industry  



Direct Labor 
Income 



($ millions) 
Upstream 2,234 
Midstream 1,730 
Downstream 1,831 
Market 6,265 



    
Oil and Gas Industry Employment 12,059 
Percent of California Total Labor Income 0.7% 
  
Note: Includes non-employers and independent contractors 
Source: Estimates by LAEDC 



 



 
 
Close to 40 percent of the labor income in the industry 
was earned by natural gas distribution workers, nearly 
fifteen percent by refineries workers and just under 
fourteen percent by workers at gas stations. The total 
labor income paid by the oil and gas industry accounted 
for 1.6 percent of all labor income in California.   
 



Total Economic Contribution  
 
The total economic contribution of the oil and gas 
industry in California includes indirect and induced 
activity in addition to the direct activity already 
identified. Direct activity includes the materials 
purchased and the employees hired by the industry itself. 
Indirect effects are those which stem from the 
employment and business revenues motivated by the 
purchases made by the industry and any of its suppliers. 
Induced effects are those generated by the spending of 
employees whose wages are sustained by both direct and 
indirect spending. These direct, indirect and induced 
effects combined result in a considerable contribution to 
the California economy, which is presented in Exhibit 4-4.  
 
It is estimated that the activities related to the oil and gas 
industry in California in 2017 generated value added 
equaling $59.3 billion in California, approximately 2.1 
percent of the state’s GDP of $2.8 trillion. The industry 
contributed 365,970 jobs, or 1.6 percent of the state total, 



with labor income of just over $26 billion, accounting for 
1.6 percent of all labor income earned in the state.  
 
Industry Distribution 
 
The total economic contribution is achieved through 
activity occurring across a wide range of industry sectors 
via indirect and induced effects. These effects capture the 
economic activity created in other sectors through 
purchases of goods and services made in the industry’s 
supply chain and through the purchases of goods and 
services made by employees.  
 
 



Exhibit 4-4    
Total Economic Contribution of Oil and Gas Industry 
California 2017*    
     
Employment (jobs):   
     Direct 152,100  
     Indirect 106,590  
     Induced 107,270  
     TOTAL  365,970 
     Percent of California Total Employment  1.6% 
     
Labor income ($ millions):   
     Direct 12,059  
     Indirect 7,985  
     Induced 6,104  
     TOTAL  26,148 
    Percent of California Total Labor Income  1.6% 
   
Value added ($ millions):   
     Direct 35,885  
     Indirect 12,399  
     Induced 11,048  
     TOTAL  59,332 
     Percent of California Total GDP  2.1% 
   
Output ($ millions):   
     Direct 114,881  
     Indirect 19,610  
     Induced 17,809  
     TOTAL  152,300 
     Percent of California Total Output  3.4% 
   
* Results are not directly comparable to the previous reports due to a change in 
methodology  
Source: Estimates by LAEDC 



 
The distribution of the total employment, labor income 
and value-added contribution among industry sectors is 
presented in Exhibit 4-5. 
 
Of the 365,970 jobs supported, close to a quarter were in 
retail trade (which includes gas stations and fuel dealers), 
just over 9 percent were in the utilities sector (which 
includes natural gas distribution and electric power 
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generation and transmission), and 7 percent were in the 
wholesale sector (which includes petroleum bulk stations 
and terminals). However, virtually all industry sectors 
receive a positive economic impact from the oil and gas 
industry, including professional, scientific and technical 
services, transportation and warehousing, administrative 
and waste services, construction, health and social 
services, mining and accommodation and food services. 
  
Exhibit 4-5 
Total Economic Contribution of Oil and Gas Industry By Sector  
California 2017 
 



Jobs 
Labor 



Income 
($ millions) 



Value 
Added 



($ millions) 
    
Ag, forestry, fish & hunting 720 40 59 
Mining 19,470 2,149 3,397 
Utilities 33,530 4,444 9,101 
Construction 21,580 1,655 2,191 
Manufacturing 18,820 2,347 17,954 
Wholesale trade 25,190 2,131 4,340 
Retail trade 82,060 2,541 4,496 
Transportation and warehousing 22,970 1,559 2,161 
Information 3,500 750 1,325 
Finance and insurance 13,930 1,240 2,096 
Real estate and rental 11,200 536 4,063 
Professional, scientific technical 23,570 2.088 2,398 
Management of companies 4,250 586 680 
Administrative and waste services 21,800 940 1,193 
Educational services 4,410 207 218 
Health and social services 19,690 1,252 1,393 
Arts, entertainment and recreation 4,310 182 266 
Accommodation and food services 19,030 575 838 
Other services 14,530 759 905 
Government 1,240 136 214 
       
Total 365,970 $ 26,148 $ 59,332 
    
Source: Estimates by LAEDC 



 
A description of the industry sectors is provided in the 
Appendix.    
 



Public Revenues 
 
The oil and gas industry faces a high tax burden, incurred 
by both businesses operating within the industry and by 
consumers. The production, refining, distribution, retail 
and consumption of oil and gas all face taxes levied by 
local, state and federal governments.  
 
Ad Valorem: 
In California, ad valorem taxes are locally assessed and 
administered by each county. The State of California 
dictates that ad valorem taxes have a one percent 
maximum; however, individual counties have the option 



to add to this rate to satisfy local voter-approved debt. In 
the case of oil and gas industry, the market value of the 
mineral property interest is assessed by estimating the 
market value of proved reserves volumes. This results in 
oil and gas reserves in California actually being taxed in 
the ground, irrespective of what is being produced, unlike 
most other oil-producing states. In addition, local 
governments in California receive these tax revenues to 
fund needed public services like education and public 
safety. 
 
Production: 
The state of California imposes an assessment on oil and 
gas production in order to support the Department of 
Conservation’s Division of Oil, Gas, and Geothermal 
Resources (DOGGR). The amount per barrel/10,000 cubic 
feet produced changes yearly. 
 
State and Local Excise Taxes: 
Excise taxes are levied on the purchase of certain goods 
and are paid by the end user at the time of sale. California 
imposes an excise tax on both natural gas and oil sales. 
The state excise tax levied on natural gas consumption in 
California varies among the different private utility gas 
distributors in the state and with the type of customer 
(residential, commercial, industrial, etc.), while excise 
taxes levied on the purchase of fuel varies by fuel type.  
 
Federal Excise Tax: 
The federal government levies an excise tax on fuel 
consumption in addition to those levied by the State of 
California. The federal excise tax applied to the purchase 
of fuel (from point of sale, terminal, refinery or from 
outside of the U.S.) also varies by fuel type, including 
gasoline, aviation gasoline, diesel and jet fuel. 
Compressed natural gas used as a fuel for motor vehicles 
is also subject to a federal excise tax.  
 
Sales Tax: 
Sales tax is levied on the sale of gasoline by both state and 
local governments; the purchaser incurs the tax burden at 
the point of sale. State and local (county and city) sales tax 
rates are usually bundled together. The total rate varies 
from county to county (and even different areas within 
the same county), based upon voter approved measures 
specific to that geography. Diesel fuel sales in California 
are subject to an additional sales tax levied by the state.  
 
Lease and Royalty Payments: 
Oil and gas operations involved in extraction may enter 
into a mineral lease with the federal government to 
obtain the right to explore, drill, extract, remove, and 
dispose of oil and gas deposits on federally owned lands. 
Leases are purchased, bonus lease payments are paid, 
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rental rates apply and once production is underway the 
lessees are subject to royalty fees. 
 
The State Lands Commission's Mineral Resources 
Management Division is charged with the management 
and administration of oil and gas, geothermal and other 
mineral resources on state-owned public lands in 
California. In addition to initial bonus lease payments, 
lease rent and royalties apply. They have 21 state 
tidelands oil and gas leases, only seven of which are not 
producing. Average production associated with the 14 
producing developed leases was 7,027 barrels per day. 
Royalty payments on their leases are determined by 
several methods: price based sliding scale on oil royalty, 
sliding rate scale, net profits share and fixed royalty rates. 
State Lands Commission oil revenues routinely exceed 
$100 million per year from production on state tidelands, 
chiefly in Long Beach. 
 
Private individuals also receive royalty payments for 
production activity taking place on their lands. 
 
Other State and Local Taxes and Fees: 
Additional taxes and fees relevant to the oil and gas 
industry in California include the following: 
 
International Fuel Tax Agreement (IFTA) tax rates in 
California on diesel fuel at the close of 2017 were $0.5700 
per gallon purchased, to be redistributed among 
jurisdictions according to miles travelled in each. Miles 
travelled are reported by the commercial carrier in 
quarterly reports. 
 
The Underground Storage Tank Fee funds programs to 
replace underground petroleum storage tanks in 
California that have reached or exceeded their regulated 
age limit.  
 
The Oil Spill Prevention and Administration Fee funds 
prevention and response programs in California. The fee 
of 6.5 cents per barrel is collected by terminal and 
refinery operators from producers of crude or petroleum 
products upon receipt and then remitted to the state. 
 
The Oil Spill Response Fee applies to crude oil and 
petroleum products received at marine terminals, 
moving through marine pipelines, or received at 
California refineries. The fund has reached its $50 million 
maximum in 1991, so the state would resume collecting 
this fee in the event that this fund is accessed.    
 
 



Total Fiscal Contribution 
 
Given this background, the economic activity associated 
with the oil and gas industry in California in 2017 is 
estimated to have generated $21.6 billion in state and 
local taxes. The disaggregation of taxes by type is shown 
in Exhibit 4-6. 
 
In 2017, DOGGR receipts account for $96 million (1 
percent) of all associated state and local tax payments in 
California. 
 
Of state and local government revenues, over $11 billion 
was received from sales and excise taxes (including those 
paid on the consumption of oil and gas products), about 
$7 billion was received from property taxes paid by 
households and businesses and ad valorem taxes about 
$1.1 billion was received from personal and corporate 
income taxes. 
 



 
Contribution to California’s Urban Society 
 
Beyond the oil and gas industry’s substantial economic 
and fiscal contributions to California detailed in this 
report, it is important to recognize the industry helps 
sustain California’s growing urban population. 
Metropolitan areas particularly depend on petroleum and 
refined products to supply massive quantities of food, 
water, energy and products every day that sustain the 
health, well-being and quality of life of millions of 
Californians. 
 
Federal Revenues 
 
Oil and gas production of federal land in California totaled 
9,255,753 barrels of oil and 12,906,610 Mcf of natural gas 



Exhibit 4-6 
Fiscal Contribution of Oil and Gas Industry 
California 2017 
 
State and Local Taxes ($ millions):  



   Sales and excise taxes 11,454 
   Property taxes 7,490 
   Personal income taxes 794 
   Corporate profits taxes 345 
   Social insurance 125 
   DOGGR Assessment 96 
   Other taxes 666 
   Fees, fines and permits 583 
Total State and Local Taxes $ 21,553 
  
Source: Estimates by LAEDC 
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in 2017. The extraction of natural resources on federal 
land results in both tax and non-tax revenue. Non-tax 
revenue, which includes royalties, rents, bonuses and 
other fees, is reported by the Office of Natural Resources 
Revenue (ONNR). Bonuses are the amounts those offered 
by the highest bidder, annual rent is $1.50 per acre for a 
5-year period and $2.00 per acre thereafter, and royalties 
are 12.5 percent of production value.  
 
In 2017, $57.8 million in revenue was collected by the 
federal government as a result of oil and gas production 
in California; with oil production accounting for the lion’s 
share of revenue with $53.1 million and natural gas and 
NGL accounting for close to $3.2 million and just over $0.9 
million, respectively. The remaining revenue was 
associated with federal fees and costs for pre-production 
and other activities, coming in at just under $0.6 million.  
 
Additional federal tax revenues are collected by 
corporations that pay corporate income taxes to the IRS. 
C-corporations can pay up to 21 percent on their income. 
Federal funds collected from oil and gas extraction on 
federal land by the ONNR are then disbursed to agencies, 
national funds and state and local governments for public 
use. The State of California received federal 
disbursements from onshore ($35.6 million) and offshore 
($0.6 million) production totaling just over $36.2 million 
in 2017.   



Economic Contribution by Segment 
 
The total economic impact of the oil and gas industry in 
California in 2017 was just presented; however, each 
segment of the industry, upstream, midstream, 
downstream and market, industry is associated with its 
own distinct set of activities. These direct activities 
extend throughout the California economy with different 
magnitudes.  
 
Exhibit 4-7 identifies the total economic contribution 
(direct, indirect and induced) of each segment of the 
industry as defined in the first section of this report.  The 
industry segment with the largest impacts for 
employment and labor income is the market segment, 
which includes natural gas distribution and gasoline 
stations. The downstream industry segment has the 
largest impacts for value added and output, this segment 
includes refineries and petrochemical manufacturing.   
 
Exhibit 4-8 shows the distribution of the total economic 
impact of each segment of the industry, allowing for the 
comparison of each segment's share of the larger oil and 
gas industry's total economic contribution.  



 
In terms of employment and associated labor income, 
market activity (retail and distribution) contributes a 
larger share compared to other segments, contributing 54 
percent and 48 percent each. When it comes to total value 
added and total output, downstream activity (refineries 
and petrochemicals) contributes a larger share, 
accounting for 43 percent and 58 percent respectively.   
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Exhibit 4-8
Distribution of Total Impacts by Industry Segment 
California 2017



Upstream Midstream Downstream Market



Exhibit 4-7    
Total Economic Contribution by Industry in California 2017 
     
Total Employment Impact (jobs):   
     Upstream 38,500  
     Midstream  42,340  
     Downstream 89,000  
     Market 196,080  
     TOTAL  365,910 
    
Total Labor Income ($ billions):   
     Upstream 3.3  
     Midstream  3.1  
     Downstream 7.1  
     Market 12.6  
     TOTAL  $ 26.1 
   
Total Value Added ($ billions):   
     Upstream 5.4  
     Midstream  5.3  
     Downstream 25.6  
     Market 22.8  
     TOTAL  $ 59.1 
   
Total Output ($ billions):   
     Upstream 7.5  
     Midstream  8.4  
     Downstream 88.3  
     Market 47.8  
     TOTAL  $152.1 
Source: Estimates by LAEDC   
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5   Economic Contribution by Sub-Region and County  
 
      



 
or purposes of exposition, California is divided into 
four sub-regions, which are shown in Exhibit 5-1 
and defined below.  



 
Southern California 
This sub-region includes the following six counties: 
Imperial, Los Angeles, Orange, Riverside, San Bernardino 
and San Diego. 
 
San Francisco Bay Area 
This sub-region includes the following nine counties: 
Alameda, Contra Costa, Marin, Napa, San Francisco, 
San Mateo, Santa Clara, Solano and Sonoma.  
 
Central Coast 
This sub-region includes the following four counties: 
Monterey, San Luis Obispo, Santa Barbara and Ventura.  
 
San Joaquin Valley 
This sub-region includes the following eight counties: 
Fresno, Kern, Kings, Madera, Merced, San Joaquin, 
Stanislaus and Tulare. 
 
The oil and gas industry is widespread across the state. 
However, concentrations of activity are evident.  
 
These four sub-regions account for 27 counties and more 
than eighty percent of the direct employment in the 
industry. The remaining 31 counties are summarized in a 
Rest of State sub-region.  
 
According to the Division of Oil, Gas and Geothermal 
Resources of the California Department of Conservation 
(DOGGR), well activity is similarly distributed among the 
sub-regions. 
 
Active wells are distributed across the state, but the 
majority of them are located in Kern County in the San 
Joaquin Valley sub-region, as shown in Exhibit 5-2.  
 
Direct activity and economic and fiscal contributions of 
each sub-region are presented in the following pages. 
Data specific to the South Coast Air Quality Management 
District (SCAQMD) can be found in the Appendix.    
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Exhibit 5-2
Active Wells in CA by County 2017



Source: CA Dept of Conservation, DOGGR
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Exhibit 5-1 
California Sub-Regions 



 
Source: ESRI 
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Southern California Sub-Region 
 



 
 



The Southern California sub-region consists of the six counties of Imperial, Los Angeles, Orange, Riverside, San 
Bernardino and San Diego. 



 
 



Exhibit 5-5 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Southern California Sub-Region 2017* 



 



  



ECONOMIC CONTRIBUTION Employment Labor Income 
($ millions) 



Value Added 
($ millions) 



Output 
($ millions) 



Direct   65,844   $     4,297  $   13,951   $   48,064  
Indirect   46,270          3,194          5,094       8,200  
Induced  41,710  2,213                4,041        6,571  
         
TOTAL CONTRIBUTION 153,827  $      9,703   $      23,086   $      62,835  
         
Percent of Total CA Contribution 42.0% 37.1% 38.9% 41.3% 
Percent of Sub-Region Total 1.2% 1.2% 1.6% 2.8% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  5,950   
Property taxes  1,088    
Personal income taxes  257    
Corporate profits taxes  127   
Social insurance taxes  42    
DOGGR Assessment  13    
Other taxes  232   
Fees, fines and permits  268    
     



TOTAL TAX REVENUES  7,975   
* Estimates may differ from reports whose methodology includes royalty owners as proprietors. 



Exhibit 5-4 
Direct Employment of Oil and Gas Industry 
Southern California Sub-Region 2017* 
 
 Employment 



211 Oil and gas extraction  1,995  
213111 Drilling oil and gas wells  499  
213112 Support activities for oil and gas operations  1,444  



2212 Natural gas distribution  12,405  
23712 Oil and gas pipeline construction  6,131  
32411 Petroleum refineries  4,933  



324191 Petroleum lubricating oil and grease mfg.  616  
32511 Petrochemical manufacturing  4  



333132 Oil and gas field machinery and eqpmt mfg.  617  
4247 Petroleum and petroleum prods wholesalers  3,417  



447 Gasoline stations  31,612  
45431 Fuel dealers  908  



486 Pipeline transportation  1,263  



  
TOTAL DIRECT EMPLOYMENT           65,844  



Percent of California Industry Employment  
43.3% 



 
* Estimates may differ from reports whose methodology includes royalty owners as 
proprietors in direct employment.  



Exhibit 5-3 
Southern California Sub-Region 



 
Source: ESRI 
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Characteristics of the Industry Workforce in Southern California
 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
 
Gender of Workforce 
 
Workers in Southern California’s oil and gas industry are 
predominantly male. In 2017, males represented 76 
percent of the workforce (Exhibit 5-6).  
 
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with roughly 
half being in the 35 to 54 years of age group (Exhibit 5-7). 
Workers aged 55 years and older accounted for 26.1 
percent, a significant share of the industry workforce.  
 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit 5-8). Workers reporting 
their race as white accounted for 45 percent of the 
workforce, with those reporting their ethnicity as 
Hispanic or Latino (all races) accounting for about 35 
percent.  Just under 10 percent of industry workers 
reported as Asian and 7 percent identified as Black. 
 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit 5-9). 
Approximately 32 percent of the workforce has a high 
school education or less; 19.6 percent have a high school 
diploma and 12.1 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for 32.5 percent of the workforce, 
and 33 percent have earned a bachelor’s degree or higher. 
While nearly a third of the workforce has attained up to a 
high school education, these jobs in oil and gas industries 
are associated with higher earnings compared to those 
with the same levels of education across all industries in 
the sub-region (Exhibit 5-10).   



 



 
 



 
 



 
 



 
 



  



Female
24.2%



Male
75.8%



Exhibit 5-6
Gender
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Exhibit 5-8
Race and Ethnicity



Hispanic or Latino Asian Black White Other



33.2%



2.6%



19.6% 12.1% 32.5%



Exhibit 5-9
Educational Attainment



Bachelor's Degree Not Available
High School Less than high school
Some College or Associate's



$13,147
$9,615



$8,764
$7,269



$4,437



Exhibit 5-10
Average Monthly Earnings 2017



Bachelor's Degree Some College or Associate's
High School Less than high school
Not Available
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San Joaquin Valley Sub-Region 
  
The San Joaquin Valley sub-region consists of the eight counties of Fresno, Kern, Kings, Madera, Merced, San Joaquin, 
Stanislaus and Tulare. Kern County is the fifth most prolific oil producing county in the continental United States. 



 
  



Exhibit 5-12 
Direct Employment of Oil and Gas Industry 
San Joaquin Valley Sub-Region 2017 
 
 Employment 



211 Oil and gas extraction 1,782 
213111 Drilling oil and gas wells 1,781 
213112 Support activities for oil and gas operations 3,828 



2212 Natural gas distribution 1,803 
23712 Oil and gas pipeline construction 2,240 
32411 Petroleum refineries 865 



324191 Petroleum lubricating oil and grease mfg. 7 
32511 Petrochemical manufacturing 0 



333132 Oil and gas field machinery and eqpmt mfg. 251 
4247 Petroleum and petroleum prods wholesalers 1,578 



447 Gasoline stations 8,551 
45431 Fuel dealers 425 



486 Pipeline transportation 415 



  
TOTAL DIRECT EMPLOYMENT 23,520 
Percent of California Industry Employment 15.5% 
  



 
Exhibit 5-13 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Joaquin Valley Sub-Region 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  23,520  $   1,599  $  3,793  $   10,337 
Indirect  7,270 403 616 1,048 
Induced 8,150 353 671 1,115 
        
TOTAL CONTRIBUTION 38,940  $  2,355        $   5,079       $   12,500    
        
Percent of Total CA Contribution 10.6% 9.0% 8.6% 8.2% 
Percent of Sub-Region Total 2.0% 2.2% 3.0% 4.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes $   1,177   
Property taxes 444   
Personal income taxes 69   
Corporate profits taxes 28   
Social insurance taxes 12   
DOGGR Assessment 72   
Other taxes 49   
Fees, fines and permits 73   
    
TOTAL TAX REVENUES  $   1,923   
    



Exhibit 5-11 
San Joaquin Valley Sub-Region 



 
Source: ESRI 
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Characteristics of the Industry Workforce in San Joaquin Valley 
 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
 
Gender of Workforce 
 
Workers in the oil and gas industry in the San Joaquin 
Valley are predominantly male. In 2017, females 
represented just over 18 percent of the workforce 
(Exhibit 5-14).  
 
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with close to 
half being in the 35 to 54 years of age group (Exhibit 5-
15). Workers aged 55 years and older accounted for 23.8 
percent, a significant share of the industry workforce.  
 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit 5-16). Workers reporting 
their ethnicity as Hispanic or Latino (all races) accounted 
for just over 33 percent. Workers reporting their race as 
Asian accounted for 4percent of the workforce and just 
over 3 percent identified as Black. 
 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit 5-17). 
Approximately 41 percent of the workforce has a high 
school education or less; 25.6 percent have a high school 
diploma and 15.4 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for about 33 percent of the 
workforce, and 23.7 percent have earned a bachelor’s 
degree or higher. While over 40 percent of the workforce 
has attained up to a high school education, these jobs in 
oil and gas industries are associated with higher earnings 
compared to those with the same levels of education 
across all industries in the sub-region (Exhibit 5-18).   
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57.0%



2.5%



Exhibit 5-16
Race and Ethnicity



Hispanic or Latino Asian Black White Other



23.7%



2.4%



25.6% 15.4% 32.9%



Exhibit 5-17
Educational Attainment



Bachelor's and above Not Available (24 yrs or less)
High School Less than high school
Some college or associate



$13,225 
$9,396 



$8,132 
$6,905 



Exhibit 5-18
Average Monthly Earnings 2017



Bachelor's and above Some college or associate
High school or equivalent Less than high school
Edu N/A (24 years or less)
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Central Coast Sub-Region 
 
The Central Coast sub-region consists of the four counties of Monterey, San Luis Obispo, Santa Barbara and Ventura. 
 



 
  



Exhibit 5-21 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Central Coast Sub-Region 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  6,410  $        376   $     896   $     2,153 
Indirect   2,520             173             310             469  
Induced  2,560             124             229             372  
         
TOTAL CONTRIBUTION 11,490  $        673   $        1,435   $        2,993  
         
Percent of Total CA Contribution 3.1% 2.6% 2.4% 2.0% 
Percent of Sub-Region Total 1.0% 1.0% 1.3% 1.7% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  419    
Property taxes  123    
Personal income taxes  17    
Corporate profits taxes  6    
Social insurance taxes 3   
DOGGR Assessment  10   
Other taxes  13    
Fees, fines and permits  19    
    
TOTAL TAX REVENUES  609   
    



Exhibit 5-20 
Direct Employment of Oil and Gas Industry 
Central Coast Sub-Region 2017 
 
 Employment 



211 Oil and gas extraction                968  
213111 Drilling oil and gas wells                193  
213112 Support activities for oil and gas operations                552  



2212 Natural gas distribution                427  
23712 Oil and gas pipeline construction                171  
32411 Petroleum refineries                  80  



324191 Petroleum lubricating oil and grease mfg.                    3  
32511 Petrochemical manufacturing                   -    



333132 Oil and gas field machinery and eqpmt mfg.                437  
4247 Petroleum and petroleum prods wholesalers                374  



447 Gasoline stations             2,921  
45431 Fuel dealers                232  



486 Pipeline transportation                  51  
  
TOTAL DIRECT EMPLOYMENT             6,410  
Percent of California Industry Employment 4.2% 
               



Exhibit 5-19 
Central Coast Sub-Region 



 
Source: ESRI 
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Characteristics of the Industry Workforce in Central Coast
 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
 
Gender of Workforce 
 
Workers in the Central Coast’s oil and gas industry are 
predominantly male. In 2017, males represented 83.1 
percent of the workforce (Exhibit 5-22).  
 
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with almost 
half being in the 35 to 54 years of age group (Exhibit 5-
23). Still, workers aged 55 years and older accounted for 
29.3 percent, a significant share of the industry 
workforce.  
 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit 5-24). Workers reporting 
their race as white accounted for less than 58 percent of 
the workforce, with those reporting their ethnicity as 
Hispanic or Latino (all races) accounting for about 34 
percent.  3.3 percent of industry workers reported as 
Asian and 2.3 percent identified as Black. 
 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit 5-25). 
Approximately 39 percent of the workforce has a high 
school education or less; 24.7 percent have a high school 
diploma and 14.1 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for 33 percent of the workforce, and 
25.7 percent have earned a bachelor’s degree or higher. 
While more than a third of the workforce has attained up 
to a high school education, these jobs in oil and gas 
industries are associated with higher earnings compared 
to those with the same levels of education across all 
industries in the sub-region (Exhibit 5-26).   
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Exhibit 5-25
Educational Attainment



Bachelor's Degree Not Available
High School Less than high school
Some College or Associate's



$10,635 
$8,030 



$7,334 
$5,996 



$3,572 



Exhibit 5-26
Average Monthly Earnings 2017



Bachelor's Degree Some College or Associate's
High School Less than high school
Not Available
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San Francisco Bay Area Sub-Region 
 
The San Francisco Bay Area sub-region consists of the nine counties of Alameda, Contra Costa, Marin, Napa, San 
Francisco, San Mateo, Santa Clara, Solano and Sonoma. 



 



 
 



Exhibit 5-29 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Francisco Bay Area Sub-Region 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  26,686  $     2,564  $   11,151   $   41,178  
Indirect  29,370         2,673          4,327          7,138  
Induced 18,200         1,261          2,243          3,379  
         
TOTAL CONTRIBUTION 81,510  $        6,498   $      17,721   $      51,696  
         
Percent of Total CA Contribution 20.3% 24.8% 29.9% 33.9% 
Percent of Sub-Region Total 1.4% 1.2% 2.0% 3.9% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  2,124    
Property taxes  705    
Personal income taxes  162    
Corporate profits taxes  105    
Social insurance taxes  24    
DOGGR Assessment  0.1    
Other taxes  194   
Fees, fines and permits  111   
    
TOTAL TAX REVENUES  3,424   
    



Exhibit 5-27 
San Francisco Bay Area Sub-Region 



 
Source: ESRI 



Exhibit 5-28 
Direct Employment of Oil and Gas Industry 
San Francisco Bay Area Sub-Region 2017 
 
 Employment 



211 Oil and gas extraction                457  
213111 Drilling oil and gas wells                252  
213112 Support activities for oil and gas operations                118  



2212 Natural gas distribution             7,530  
23712 Oil and gas pipeline construction             1,363  
32411 Petroleum refineries             5,021  



324191 Petroleum lubricating oil and grease mfg.                  67  
32511 Petrochemical manufacturing                    4  



333132 Oil and gas field machinery and eqpmt mfg.                  48  
4247 Petroleum and petroleum prods wholesalers             1,102  



447 Gasoline stations           10,322  
45431 Fuel dealers                236  



486 Pipeline transportation                166  
  
TOTAL DIRECT EMPLOYMENT           26,686  
Percent of California Industry Employment 17.5% 
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Characteristics of the Industry Workforce in San Francisco Bay Area
 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
 
Gender of Workforce 
 
Workers in the San Francisco Bay Area’s oil and gas 
industry are predominantly male. In 2017, males 
represented 70.7 percent of the workforce (Exhibit 5-30).  
 
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with 52.6 
percent being in the 35 to 54 years of age group (Exhibit 
5-31). Workers aged 55 years and older accounted for 
27.6 percent, a significant share of the industry 
workforce.  
 
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit 5-32). Workers reporting 
their race as white accounted for 55 percent of the 
workforce, with those reporting their ethnicity as 
Hispanic or Latino (all races) accounting for about 17 
percent.  About 17 percent of industry workers reported 
as Asian and 6.7 percent identified as Black. 
 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit 5-33). 
Approximately 24 percent of the workforce has a high 
school education or less; 16.7 percent have a high school 
diploma and 7 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for 30.8 percent of the workforce, 
and 44.2 percent have earned a bachelor’s degree or 
higher. While nearly a quarter of the workforce has 
attained up to a high school education, these jobs in oil 
and gas industries are associated with higher earnings 
compared to those with the same levels of education 
across all industries in the sub-region (Exhibit 5-34).   
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Exhibit 5-33
Educational Attainment



Bachelor's Degree Not Available
High School Less than high school
Some College or Associate's



$15,662 
$12,819 



$12,199 
$11,011 



$7,881 



Exhibit 5-34
Average Monthly Earnings 2017



Bachelor's Degree Some College or Associate's
High School Less than high school
Not Available
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Rest of State 
 



 
 



 
The Rest of State consists of the remaining thirty-one counties that have not been included in the four sub-regions 
above.  



 
  



Exhibit 5-36 
Direct Employment of Oil and Gas Industry 
Rest of State 2017 
 
 Employment 



211 Oil and gas extraction 182 
213111 Drilling oil and gas wells 161 
213112 Support activities for oil and gas operations 119 



2212 Natural gas distribution 903 
23712 Oil and gas pipeline construction 460 
32411 Petroleum refineries 185 



324191 Petroleum lubricating oil and grease mfg. 1 
32511 Petrochemical manufacturing 3 



333132 Oil and gas field machinery and eqpmt mfg. 4 
4247 Petroleum and petroleum prods wholesalers 1,239 



447 Gasoline stations 7,906 
45431 Fuel dealers 1,036 



486 Pipeline transportation 47 



  
TOTAL DIRECT EMPLOYMENT 12,247 
Percent of California Industry Employment 8.1% 
               



 
Exhibit 5-37 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Rest of State 2017 



 



  
  Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  12,247  $   561       $   1,173       $   3,275   
Indirect  4,370 205 355 643 
Induced 1,700 82 155 251 
     
TOTAL CONTRIBUTION 18,310  $   848          $   1,683       $   4,168      
        
Percent of Total CA Contribution 5.0% 3.2% 2.8% 2.7% 
Percent of Sub-Region Total 0.8% 0.7% 0.8% 1.3% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes $   1,465   
Property taxes 135   
Personal income taxes 25   
Corporate profits taxes 8   
Social insurance taxes 4   
DOGGR Assessment 2   
Other taxes 27   
Fees, fines and permits 64   
    
TOTAL TAX REVENUES  $   1,730   
    



Exhibit 5-35 
Rest of State 



 
Source: ESR 
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California’s Oil and Gas Industry by County 
      
California is comprised of 58 individual counties. Oil and 
gas industry activity varies from county to county. This 
section identifies the direct activity of the oil and gas 
industry in each county and then estimates the industry’s 
economic and fiscal contribution.  



Exhibit 5-38 identifies the direct industry employment, 
the total economic contribution and the total fiscal 
contribution of each county. Counties asterisked (*) are 
detailed in Section 8, in alphabetical order.    
 
 



Exhibit 5-38 
Backward Linkages: Oil and Gas Industry  
Total Economic and Fiscal Contribution by County* 
California 2017 



    
  ----------------------------- Total Economic Contribution* --------------------------------    Total Fiscal 



Contribution** 
($ millions) County Direct Employment Total Employment 



Total Labor Income 
($ millions) 



Total Value Added 
($ millions) 



      
Alameda County  3,007 5,340  341.6   662.1  1,658.0 
Alpine County - -  -     -    - 
Amador County 131 160  4.3   8.0  11.1 
Butte County  404 570  21.8   45.2  61.9 
Calaveras County 196 260  9.1   17.5  14.0 
Colusa County  196 250  13.5   27.7  14.6 
Contra Costa County  12,233 38,110  3,213.1   11,237.1  1,346.8 
Del Norte County 108 130  3.8   7.7  6.7 
El Dorado County  561 1,020  52.5   165.2  68.7 
Fresno County  2,969 5,990  372.8   727.6  373.6 
Glenn County  139 190  9.9   19.1  25.7 
Humboldt County  565 790  29.8   55.3  47.2 
Imperial County  614 800  24.5   55.5   67.7 
Inyo County 203 250  12.0   21.6  16.1 
Kern County  14,213 23,900  1,605.7   3,606.6  925.0 
Kings County  299 370  15.2   28.7  42.8 
Lake County 238 330  13.3   26.8  20.2 
Lassen County 94 120  4.1   8.2  6.1 
Los Angeles County  31,077 77,550  5,325.8   15,183.8  3,915.7 
Madera County  515 670  22.6   47.4  65.2 
Marin County  398 560  35.1   67.1  65.4 
Mariposa County 48 60  2.2   4.6  5.2 
Mendocino County  629 1,030  55.9   109.1  50.1 
Merced County 847 1,070  33.8   61.0  100.2 
Modoc County 59 70  2.5   5.2  1.6 
Mono County 96 120  5.5   10.0  5.2 
Monterey County  984 1,360  62.0   117.9  132.2 
Napa County  387 620  40.4   71.0  45.1 
Nevada County 332 460  18.0   32.7  32.3 
Orange County  11,050 18,790  1,151.5   2,072.3  1,044.7 
Placer County  1,137 1,910  98.6   193.4  150.9 
Plumas County 129 180  7.5   15.1  8.5 
Riverside County  6,009 9,100  368.3   747.2  779.2 
Sacramento County  3,306 5,840  315.6   655.5  447.0 
San Benito County 60 80  3.4   6.7  13.1 
San Bernardino County  6,993 10,390  425.5   845.8  867.5 
San Diego County  10,097 20,900  1,345.5   2,571.0  1,300.2 
San Francisco County  1,589 2,600  314.0   546.1  341.1 
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Exhibit 5-38 (cont’d)  
      
  ----------------------------- Total Economic Contribution* -----------------------------  



County Direct Employment Total Employment 
Total Labor Income 



($ millions) 
Total Value Added 



($ millions) 



Total Fiscal 
Contribution** 



($ millions) 
      
San Joaquin County  1,981 2,920  133.1   252.6  311.4 
San Luis Obispo County  1,298 2,240  113.5   256.9  124.5 
San Mateo County  1,417 2,190  136.6   416.5  221.9 
Santa Barbara County  1,622 2,670  174.4   392.0  150.6 
Santa Clara County  4,177 6,170  438.1   813.7  536.6 
Santa Cruz County 498 700  27.7   48.5  62.4 
Shasta County  779 1,070  35.2   66.0  78.4 
Sierra County 8 10  0.5   0.7  27.2 
Siskiyou County 293 380  14.0   27.0  134.0 
Solano County  2,387 4,490  300.0   1,107.9  231.2 
Sonoma County  1,019 1,520  64.3   121.5  182.3 
Stanislaus County  1,349 2,100  89.1   198.4  61.8 
Sutter County  427 600  29.0   58.5  44.7 
Tehama County  461 620  27.9   53.1  16.6 
Trinity County 78 90  2.4   4.7  111.4 
Tulare County  1,347 1,930  82.8   157.1  55.4 
Tuolumne County 279 400  16.4   29.9  201.9 
Ventura County  2,505 4,010  226.2   502.6  201.9 
Yolo County  538 720  31.3   55.4  34.8 
Yuba County  240 310  11.5   21.9  8.9 
* Estimates may differ from reports whose methodology includes royalty owners as proprietors. 
** State and local taxes 
Source: Estimates by LAEDC 



 
 
State-level and sub-regional and county-level impacts 
were estimated separately. This analysis used individual 
county data for estimation of sub-regional and county-
level contributions of the oil and gas industry, using an 
industry-change analysis based on known employment 
numbers. 
 
Statewide direct employment may be larger than the sum 
of all counties, as some jobs could not be attributed to 
specific counties and because unavailable and 
nondisclosed data was estimated conservatively.  
 
Fiscal contributions may not sum to the aggregate state 
level fiscal contribution since some tax revenues cannot 



be estimated at the county level with precision. The 
estimates provided at the county level are therefore likely 
to be conservative. 
 
Additionally, county-level economic contributions may 
not add to sub-regional contributions because estimates 
are produced at defined geographic levels, which do not 
account for spill-over benefits between counties. Such 
spill-over effects are captured in state level impacts and 
in the sub-regional impacts.  
 
Additional details on the methodology used in this report 
can be found in the Appendix.   
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6   User Industries at Risk in California 
 



 
his section focuses on industries that use oil and gas 
products as an input in their production of goods 
and provision of services. We identify which 



industries are most at risk to potential price fluctuations, 
supply disruptions and other changes in the oil and gas 
industry that could impact their operations.  
 
Both end-user consumers and user chain industries will 
be vulnerable to reductions of the supply of petroleum-
based products. Response strategies may include: 
relocation; input substitution; operational shut-down; 
price increases; and more. Each of these options will have 
its own impact on the state’s economic activity. The 
overall potential impact is demonstrated in the sections 
that follow.   
 



Backward and Forward Linkages 
 
In his seminal work, The Strategy of Economic 
Development (1958), Albert O. Hirschman introduced the 
concept of backward and forward linkages to industries.  



Backward Linkages 
 
Backward linkages are the industries in the supply chain 
of a given industry, providing the inputs needed for its 
output. These are estimated for the oil and gas industry in 
the previous section using economic contribution 
analysis. Economic contribution quantifies the portion of 
a region’s economy that can be attributed to an existing 
industry by tracing its purchases of goods and services in 
its supply chain, its payment of labor income to regional 
workers, and the tax revenues generated on its 
operations and their multiplier impacts. This analysis 
models what would happen if the industry did not exist in 
terms of those whose economic activity depends on 
supplying the industry. A detailed description of our 
methodology can be found in the Appendix. 
 
Identifying Forward Linkages 
 
Hirschman also introduced the concept of forward 
linkages to industries. Forward linkages are those 
industries that use the output of a given industry in their 



own production. For example, air transportation uses 
petroleum products in order to provide its services. The 
air transportation industry is a major user of refinery 
products and is thus a forward linkage of the refinery 
industry. In this report, we refer to these first-tier user 
industries, as well as the first-tier users of the upstream, 
midstream and market segments, as primary users.  
 
This network of linkages is depicted in the diagram. Oil 
and gas products are used as inputs into production of 
primary industries A, B and C. The dependence of these 
primary industries is estimated using information about 
their business model and the market for their goods and 
services. These are direct forward linkages of the oil and 
gas industry.  
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In this report, we look at a variety of measures that 
identify the primary tier of forward linkages of the oil and 
gas industry in California.   



Forward Linkages by Industry Segment 
 
We look at identifying forward linkages to the oil and gas 
industry by segment. 
 
Upstream Industries 
 
Upstream industries are related to oil and gas production 
and include the industries of oil and gas extraction (NAICS 
211), drilling oil and gas wells (NAICS 213111), support 
activities for oil and gas operations (NAICS 213112) and 
oil and gas field machinery and equipment manufacturing 
(NAICS 333132).  
 
The extent of purchases of upstream products by other 
industries illustrates the broad reach that these products 
have throughout their user industries (see Exhibit 6-1).  
The top five industries purchased close to $1.0 billion 
worth of products from California’s upstream industries 
in 2017.  
 



Exhibit 6-1 
Top 5 User Industries of California Upstream Products*  
     



NAICS Industry Description 



Purchases From  
Upstream Industries 



($ millions)   
 



55 Mgmt. of Companies and Enterprises $  239.7  
23 Construction 225.1 



325 Chemical manufacturing 209.7 
486 Pipeline transportation 157.1 
541 Professional and technical services 130.9  



Top 5  $  962.4   
  



All Other Industries 942.5  
Purchases from Upstream Products $1,904.9 



   
* Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 



 
Midstream Industries 
 
Midstream operations are related to the transportation 
(includes pipeline), storage and wholesale of crude oil, 
natural gas, NGLs (natural gas liquids) and other 
hydrocarbon products. Industries included in this 
segment include oil and gas pipeline and related facilities 
construction (NAICS 23712), petroleum and petroleum 
products merchant wholesalers (NAICS 4247) and 
pipeline transportation (NAICS 486). 
 



Data on purchases specific to oil and gas pipeline and 
related facilities construction (NAICS 23712) and 
petroleum and petroleum products merchant 
wholesalers (NAICS 4247) are not available; these 
industries are included in broader industry classifications 
of construction (NAICS 23) and wholesale trade (NAICS 
42) respectively. These larger industry groups include 
significant activity not related to the oil and gas industry 
and, as such, these midstream industries were excluded 
from this analysis; purchases made from midstream 
industries refers to pipeline transportation only. 
 
The extent of purchases of midstream products by other 
industries illustrates the broad reach that these products 
have throughout their user industries (see Exhibit 6-2).  
The top five industries purchased more than $1.0 billion 
worth of products from California’s pipeline 
transportation industry in 2017.  
 



Exhibit 6-2 
Top 5 User Industries of California Midstream Products* 
     



NAICS Industry Description 



Purchases From  
Midstream Industries 



($ millions)   
 



541 Prof’l, Scientific and Tech’l Services $    30.3 
211 Oil and Gas Extraction 27.4 
23 Construction 22.5 
332 Fabricated Metal Product Manufacturing 13.6 
324 Petroleum and Coal Products Manufacturing 12.4  



Top 5  $  106.2   
  



All Other Industries 58.6  
Purchases from Midstream Products $ 164.9 



   
* Each industry segment excludes the industries within it to avoid double counting 
Source: IMPLAN Data for California; Analysis by LAEDC 



 
Downstream Industries 
 
Downstream operations include the refining of crude into 
refined petroleum and petrochemicals. 
 
Additionally, both refined petroleum and petrochemicals 
are used as an input for a wide variety of consumer 
products including plastics, cosmetics, pharmaceuticals, 
wax-based products like packaging or crayons, paints, 
solvents, asphalt, pesticides and fertilizers.  
 
The extent of purchases of downstream products made 
by other industries illustrates the broad reach that these 
products have throughout its user industries (see Exhibit 
6-4).  The top ten industries purchased just over to $59.2 
billion worth of products from California’s downstream 
industries in 2017.  
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Market Industries 
 
Market industries are industries that are involved in 
bringing oil and gas products to the end user. These 
industries include natural gas distribution (NAICS 2212), 
fuel dealers (NAICS 45431) and gasoline stores (NAICS 
447). 
 
Data on purchases specific to fuel dealers (NAICS 45431) 
is not available; this industry is included in broader 
industry classifications non-store retailers (NAICS 454). 
This larger industry group includes significant activity 
not related to the oil and gas industry and, as such, it has 
been excluded from this analysis; purchases made from 
market industries refers to natural gas distribution and 
gasoline stores only. 
 
The extent of purchases of market products by other 
industries illustrates the broad reach that these products 
have throughout their user industries (see Exhibit 6-5).  
The top five industries purchased more than $10.3 billion 
worth of products from California’s market industries in 
2017.  
 
The full list of purchases of inputs from the oil and gas 
industry by industry segment is provided in the 
Appendix.    
 



Constructing a Vulnerability Index 
 
Primary users would be immediately impacted by 
reductions in the availability or increase in the price of 
products from the oil and gas industry if they were 
particularly dependent on them. To measure this 
dependence, we construct an index of vulnerability. 
 
Hirschman’s metric for quantifying a forward link was the 
share of an industry’s output that is allocated to an 
intermediate input. Supplementing the original indicator 
suggested by Hirschman, we use three metrics to 
construct a composite index of vulnerability to input 
disruptions: (1) intensity of use; (2) trade exposure; and 
(3) gross operating surplus. 



Intensity of Use 
 
Products from the oil and gas industry as an input of 
production are traced through the industry user chain to 
 



 
 



Exhibit 6-5 
Top 5 User Industries of California Market Products* 
     



NAICS Industry Description 



Purchases From  
Market Industries 



($ millions)   
 



211 Oil and Gas Extraction  $        4,772.5 
486 Pipeline Transportation 1,809.4 
541 Professional, Scientific and Technical Services 1,798.8 



521, 522 Monetary auth, credit intermediation and related 1,104.5 
531 Real Estate 848.6  



Top 5  $ 10,333.7   
  



All Other Industries  3,116.9  
Purchases from California Refineries $ 13,450.7 



   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 



 
measure each user industry’s intensity of use compared to 
its revenues (gross output). This is a measure of how 
dependent the user industry is on petroleum and refined 
products. Understanding interactions between producers 
of these products across the different industries that use 
them as an intermediate good in their own production is 
valuable for understanding how these user industries 
stand to be affected by changes in the price and supply of 
these goods.  
 
User industries with larger shares of these products as 
inputs to total industry revenues (gross output) have a 
larger dependency on them as an input in their 
production. As such, changes in the supply of these inputs 
will affect them disproportionately more compared to 
industries whose usage is a smaller share of their gross 
output. 



Exhibit 6-4 
Top 10 User Industries of California Downstream Products* 
     



NAICS Industry Description 



Purchases From  
Downstream Industries 



($ millions)   
 



211 Oil and Gas Extraction $   43,011.0 
42 Wholesale Trade 2,675.2 
486 Pipeline Transportation 1,751.4  
23 Construction 1,452.7 
484 Truck Transportation 1,054.9  
325* Chemical Manufacturing 636.7 
221 Utilities 492.2 
55 Mgmt. of Companies and Enterprises 468.7 
541 Prof’l, Scientific and Tech’l Services 253.1 
561 Administrative and Support Services 147.0  



Top 10  $ 51,942.7   
   



All Other Industries  903.9   
Purchases from Downstream Products $ 52,846.6  



   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit 6-6 lists the top industries that use products from 
each segment of the oil and gas industry in their 
production in California, with dependency ranked by the 
share of input value to gross output in 2017. 
 
Several industries are combined because they are 
individually very small but are also quite vulnerable. 
These include agricultural industries, forestry and 
hunting, and mining and mining support.  
 
Many of the industries with the largest intensity of use 
measure across all segments are in the transportation and 
warehousing sector: air, rail, water, truck and passenger 
ground transportation industries and the postal service. 
Industries within these subsectors rely heavily on 
transportation fuels (jet fuel, diesel, gasoline, etc.), which 
are requisite to the provision of their services.  
 
Manufacturing industries often use refined petroleum 
and petrochemicals to produce other end products; 
therefore, these industries also show up prominently 
when looking at their intensity of use.   
 
Equipment used in forestry, hunting and fishing 
industries, such as timber harvesters, bunchers and 
skidders, power generators and ocean vessels require 
fuel for operation as well. 
Materials used in the construction industry, such as 
asphalt, roofing materials and PVC piping, are produced 
using refined petroleum and petrochemical products. 
Additionally, petroleum fuels are used to operate heavy 
machinery including cranes, water trucks, bulldozers, 
excavators, loaders and graders.  
 
The full list of oil and gas product inputs as a share of 
output for all industries is provided in the Appendix. 
 
Linkages of user industries of products from the oil and 
gas industry are next evaluated in regards to trade 
sensitivity.  
 
Trade Sensitivity 
 
Trade sensitivity or trade exposure provides an 
indication of an industry’s ability to pass potentially 
higher costs of inputs through to its customers. 
Commodities traded in the global market must operate 
within the limitations presented by trade exposure. For 
example, if production costs increase for firms in 
California and necessitate price increases, in-state 
producers will face competition from producers in other 
states or nations and be unable to protect their market 
share.  
 



For the composite vulnerability index, trade sensitivity is 
measured by the sum of an industry’s domestic and 
foreign exports as a percentage of its total output. Exhibit 
6-7 identifies the top twenty industries in California by 
their trade sensitivity in 2017. 
 
Industries that export the majority of their output outside 
the state of California and therefore depend on larger 
markets for their sales revenue will be particularly 
vulnerable to changes in input prices. Their ability to 
increase prices to recover cost increases will be limited 
given the international competition they face. 
 



 
California’s manufacturing industries are particularly 
vulnerable to trade exposure. Seven of the top ten 
industries with the highest trade intensities are 
manufacturing industries, including machinery, apparel 
and computer and electronic equipment.   
 
 



Exhibit 6-6 
Top Industries by Industry Segment Inputs  
As a Share of Gross Output   



NAICS Industry 
Share of 



Output (%) 
   



Upstream Industries  
486 Pipeline transportation 18.6% 
331 Primary Metal Manufacturing 1.0% 



212-213* Mining and Mining Support 0.7% 
532 Rental and leasing services 0.5% 
333* Machinery manufacturing 0.4% 



Midstream Industries  
211 Oil and Gas Extraction 0.38% 
332 Fabricated Metal Product Manufacturing 0.04% 
483 Water Transportation 0.03% 
491 Postal Service 0.02% 



487-488 Transportation Support & Sightseeing  0.02% 
Downstream Industries  



211 Oil and Gas Extraction 592.1% 
486 Pipeline transportation 207.1% 
482 Rail transportation 3.5% 
484 Truck transportation 2.8% 
324* Petroleum and coal products manufacturing 1.5% 
42 Wholesale Trade 1.2% 
221 Utilities 0.9% 



212-213 Mining and Mining Support 0.8% 
55 Management of Companies and Enterprises 0.7% 
23 Construction 0.7% 



Market Industries  
486 Pipeline Transportation 214.0% 
211 Oil and gas Extraction 65.7% 
482 Rail Transportation 1.4% 



521 & 522 Monetary auth, credit intermediation and related 1.3% 
493 Warehousing and Storage 1.0% 



   
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit 6-7   
Top 20 Industries by Trade Exposure 
      



NAICS Industry 
Exposure 



(%) 
   



316 Leather and Allied Product Manufacturing 96.5% 
313 Textile Mills 77.9 
333 Machinery Manufacturing 75.6 
721 Accommodation 75.3 
315 Apparel Manufacturing 74.2 
512 Motion Picture and Sound Recording 71.9 
221 Utilities 70.9 
334 Computer and Electronic Product Manufacturing 69.5 
339 Miscellaneous Manufacturing 64.6 
325 Chemical Manufacturing 60.4 



113-114 Forestry, Fishing, Hunting 59.8 
111-112,115 Agriculture 59.0 



331 Primary Metal Manufacturing 56.1 
336 Transportation Equipment Manufacturing 55.9 
335 Electrical Equipment and Component Mfg. 54.4 
314 Textile Product Mills 53.7 



533 
Lessors-Nonfinancial Intangible Assets (except 
copyrighted works) 53.3 



312 Beverage/Tobacco Product Manufacturing 53.3 
483 Water Transportation 51.7 
337 Furniture and Related Product Manufacturing 46.5 



   
 Average of all industries 28.2% 
   



Source: IMPLAN Data for California; Analysis by LAEDC 
 
The list of trade sensitivities for all industries is provided 
in the Appendix. 



Gross Operating Surplus 
 
As an alternative to raising prices of their goods and 
services, firms in industries that experience increased 
input costs may instead absorb cost increases through 
reduction in profits. This capability is necessarily 
dependent on an industry’s typical profit experience. 
Many industries have extremely thin profit margins and 
will not be able to absorb cost increases without price 
increases—which, if they are exposed to trade, may also 
not be a viable option. Other industries have a significant 
margin cushion and are less vulnerable to increases in 
input prices.  
 
Exhibit 6-8 ranks industries by their gross operating 
surplus as a percentage of total output (essentially, profit 
margins). The higher this margin, the more likely the user 
industry will be able to absorb higher input costs. 
Industries with smaller or even negative gross surplus as 
a share of total output have no capability to absorb cost 
increases. If they are also unable to increase the prices of 
their goods and services, they will face an existential risk. 
 



Industries in California, on average, operate close to the 
margin, with a gross operating surplus of 18 percent of 
total output. Industries that are especially significant and 
operating at a break-even point include nursing and 
residential care facilities, private educational services 
and the postal service. Still, the exhibit lists many 
industries that experience very small profit margins. 
These leave very little room for firms to absorb cost 
increases.  
 
Exhibit 6-8 
Top 20 Industries by Smallest Gross Operating Surplus  



NAICS Industry 



Gross Operating 
Surplus  



(As % Total Output) 
   
443 Electronics and appliance stores -36.7% 
812 Personal and laundry services -12.8% 
316 Leather and allied product manufacturing -2.6% 
712 Museums, historical sites, zoos, and parks -1.0% 
523 Securities, commodity contracts, investments -0.5% 
453 Miscellaneous store retailers 0.0% 
491 Postal service 0.2% 
623 Nursing and residential care facilities 0.3% 
611 Educational services 0.7% 
518 Data processing, hosting and related services 1.3% 
451 Sporting goods, hobby, book and music stores 2.8% 
813 Membership associations and organizations 3.2% 
811 Repair and maintenance 3.4% 
331 Primary metal manufacturing 3.5% 
447 Gasoline stations 4.0% 
484 Truck transportation 4.3% 
624 Social assistance 4.4% 
315 Apparel manufacturing 4.8% 
337 Furniture and related product manufacturing 5.0% 
446 Health and personal care stores 5.3% 
   
 Average of all industries 18.0% 
   



Source: IMPLAN Data for California; Analysis by LAEDC 
 
The list of gross operating surplus as a share of total 
output for all industries is provided in the Appendix. 



Composite Index of Vulnerability  
 
The three indicators (intensity of use, trade sensitivity 
and gross operating surplus) are used to construct an 
overall composite vulnerability index for each segment of 
the oil and gas industry.  
 
As the individual indicators that contribute to this index 
may be more or less important in determining 
vulnerability to supply disruptions in the refinery 
industry, their values are weighted accordingly.  
 
The share of output that must be allocated to the given 
input product is clearly the most important factor in 
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judging vulnerability. An industry that does not 
significantly use petroleum products, for example, is not 
vulnerable to disruptions in its availability or price. This 
component is given a 55 percent weight in the composite 
vulnerability index.  
 
Trade sensitivity is also relatively important as the ability 
for firms to compete in the global marketplace will 
determine their viability. This factor is allocated a 30 
percent weight in the vulnerability index.  
 
Finally, the share of output captured by gross operating 
surplus (or profits) is important, but is given a smaller 
weight of 15 percent in the vulnerability index, reflective 
of the variability in the indicator across firms within 
industries and the elasticity of this indicator with respect 
to revenues.    



Primary User Industries 
 
Exhibit 6-9 on the next page lists the top vulnerable 
industries, split out by industry segment, ranked by their 
corresponding composite index scores along with their 



direct economic activity in California. These industries 
are at immediate risk of disruptions in the availability and 
price of oil and gas industry products.  
 
A listing of the vulnerability index for all industries is 
provided in the Appendix.   
 



 



Source: SoCal Gas 
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Exhibit 6-9 
Most Vulnerable Primary User Industries  
California 2017 



           



Rank NAICS Industry Description 
Vulnerability 



Index Employment 
Labor Income 



($ millions) 
Output 



($ millions) 
Value-Added 



($ millions) 
        



Upstream Industries 
1 325 Chemical Manufacturing 9.7  78,490 11,480.7 97,770.5 49,966.3 
2 333 Machinery Manufacturing 9.4  77,790 8,840.6 31,074.1 12,625.4 
3 221 Utilities 9.3  62,310 11,415.9 55,672.5 30,380.6 



4 533 Lessors of Nonfinancial Intangible Assets (except 
Copyrighted Works) 8.9  21,790 1,366.1 27,408.0 13,930.4 



5 212-213 Mining and Mining Support 8.7  23,430 1,799.0 5,129.4 3,268.7 
  TOTAL OF TOP 5  263,810 34,902.3 217,054.5 110,171.4 
  Percent of California Total  1.1% 2.1% 4.9% 4.0% 
        



Midstream Industries 
 



1 333 Machinery Manufacturing 9.4  77,790 8,840.6 31,074.1 12,625.4 
2 221 Utilities 9.3  62,310 11,415.9 55,672.5 30,380.6 
3 483 Water Transportation 9.1  7,370 819.9 5,937.6 2,088.3 
4 332 Fabricated Metal Product Manufacturing 8.9  139,070 9,992.5 33,670.4 14,160.8 
5 324 Petroleum and Coal Products Manufacturing 8.9  13,720 3,169.6 76,823.6 18,850.9 
  TOTAL OF TOP 5  300,260 34,238.5 203,178.2 78,106.0 
  Percent of California Total  1.3% 2.0% 4.6% 2.8% 
        



Downstream Industries 
 



1 221 Utilities 9.9 62,310 11,415.9 55,672.5 30,380.6 
2 325 Chemical Manufacturing 9.1 78,490 11,480.7 97,770.5 49,966.3 
3 42 Wholesale Trade 8.9 867,900 75,064.0 217,380.6 151,066.2 



6 533 Lessors of Nonfinancial Intangible Assets (except 
Copyrighted Works) 8.9 21,790 1,366.1 27,408.0 13,930.4 



3 483 Water Transportation 8.6 7,370 819.9 5,937.6 2,088.3 
5 211 Oil and Gas Extraction 8.4 32,360 1,853.3 7,268.6 4,588.7 
8 212-213 Mining and Mining Support 8.1 23,430 1,799.0 5,129.4 3,268.7 



10 316 Leather and Allied Product Manufacturing 8.1 3,740 151.2 530.8 139.4 
9 721 Accommodation 8.1 179,840 7,682.6 20,503.3 13,492.5 



10 113-114 Forestry, Hunting and Fishing 8.0 9,497 426.5 969.6 842.4 
  TOTAL OF TOP 10  1,370,450 119,841.7 478,289.3 283,067.4 
  Percent of California Total  5.8% 7.1% 10.8% 10.2% 
        



Market Industries 
1 721 Accommodation 9.3  179,840 7,682.6 20,503.3 13,492.5 
2 211 Oil and gas Extraction 8.4  32,360 1,853.3 7,268.6 4,588.7 
3 487-488 Transportation Support and Sightseeing 8.4  119,010 9,424.3 20,738.4 11,655.7 
4 541 Professional, Scientific, and Technical Services 8.4  2,169,910 226,808.5 391,849.3 268,107.2 
5 332 Fabricated Metal Product Manufacturing 8.3  139,070 9,992.5 33,670.4 14,160.8 
  TOTAL OF TOP 5  2,640,190 255,761.2 474,030.0 312,004.9   



Percent of California Total  11.2% 15.2% 10.7% 11.3% 
        



Source: IMPLAN Data for California; Analysis by LAEDC    
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7   Detailed Industry Sheets 
 
 



he following pages provide detailed data for each 
vulnerable primary and secondary user industry. 
 



Primary Industries 
 
For each of the top twenty-five vulnerable industries, we 
provide an industry description as detailed in the North 
American Industry Classification System (NAICS) in its 
sourcebook, North American Industry Classification 
System, published by the U.S. Office of Management and 
Budget (2017). 
 
We quantify the industry in terms of employment, labor 
income, industry output and its contribution to state GDP. 
These metrics are an indication of the activity that is at 
risk from disruptions in each segment of the oil and gas 
industry.  
 
We outline the products that each industry produces and 
sells in California, and list the industries that purchase its 
products. This provides an indication of the breadth and 
width the primary industry through its own user chain.  
 



Industries are shown in the following sequence: 
 



 
Primary Industries Page  



 
Chemical Manufacturing 59 
Utilities 60 
Water Transportation 61 
Accommodation 62 
Mining and Support Activities 63 
Machinery Manufacturing 64 
Fabricated Metal Products 65 
Petroleum and Coal Products Mfg. 66 
Support Activities for Transportation 67 
Forestry, Hunting and Fishing 68 
Oil and Gas Extraction 69 
Wholesale Trade 70 
Leather and Allied Product Mfg. 71 
Prof’l, Scientific and Technical Services 72 
Lessors of Intangible Assets 73 



 
 



T 
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Primary Industry: 



CHEMICAL MANUFACTURING (NAICS 
325*) 
 



Size of Industry: 
 
 



 
 
 
 
 



 
 
 



 
 
 



 
What This Primary Industry Sells 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-1.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-2 lists the user industries in California of this 
industry’s goods and services.  
 
 



 
Exhibit 7-1 
Top 5 Products of the Chemical Manufacturing Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales 
Pharmaceuticals  56,610.2  57.9% 
Toilet preparations  7,455.5  7.6% 
Medicines and botanicals  3,540.4  3.6% 
Plastics materials and resins  3,133.4  3.2% 
Other basic organic chemicals  2,855.0  2.9%  



    
Total Industry Sales in California 97,790.9  



 
Exhibit 7-2 
Top 10 User Industries of Chemical Manufacturing 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions) 
42 Wholesale Trade  5,077.4  



541 Professional, Scientific and Technical Services  2,626.0  
326 Plastics and Rubber Products Manufacturing  1,424.8  
221 Utilities  1,199.9  
324 Petroleum and Coal Products Manufacturing  1,027.8  
322 Paper Manufacturing  788.3  
332 Fabricated metal product manufacturing  748.6  
311 Food Manufacturing  667.5  
484 Truck Transportation  570.0  
561 Administrative and Support Services 427.8  



Top 10  14,558.0   
  



All Other Industries 33,206.45  
Total Industry Sales in California 47,764.4 



Source: IMPLAN Data for California; Analysis by LAEDC  



Vulnerability  
Index: 



9.7 Upstream 
9.1 Downstream 



Industry Description 
 
This subsector is based on the transformation of 
organic and inorganic raw materials by a chemical 
process and the formulation of products. This subsector 
distinguishes the production of basic chemicals that 
comprise the first industry group from the production 
of intermediate and end products produced by further 
processing of basic chemicals that make up the 
remaining industry groups.  
 
* For the purposes of this report, this industry has been 
modified to remove Petrochemical Manufacturing 
(NAICS 32511) to avoid double-counting. 
 



78,490 jobs 
Labor Income $ 11.5 billion 



Industry Output $ 97.7 billion 
Contribution to GDP 



$ 50.0 billion 
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Primary Industry: 
UTILITIES (NAICS 221) 
 



Size of Industry: 
 
 



 
 
 
 
 
 
 



 
 
 
 



 
 
 
 



What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-3.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-4 lists the user industries in California of this 
industry’s goods and services. 



 
Exhibit 7-3 
Top 5 Products of the Utilities Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Electricity  25,795.7  46.3% 
Natural gas distribution  22,185.4  39.8% 
Electricity transmission and distribution  5,023.4  9.0% 
Water, sewage and other systems  2,350.2  4.2% 
Other products and services of Local Govt 
enterprises 



 305.3  0.5% 
 



    
Total Industry Sales in California 55,675.8 100.0   



 
 



Exhibit 7-4 
Top 10 User Industries of Utilities 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



211 Oil and Gas Extraction  7,133.7  
541 Professional, Scientific, and Technical Service  2,459.7  
486 Pipeline Transportation  2,237.7  



212 &213 Mining (except Oil and Gas)  2,172.1  
519 Other Information Services  1,312.3  
324 Petroleum and Coal Products Manufacturing  938.7  
23 Construction  755.0  



561 Administrative and Support Services  695.6  
487 & 488 Other Transportation  648.2  



325 Chemical Manufacturing  604.0   
Top 10  18,956.9   



  
All Other Industries 6,330.6  
Total Industry Sales in California  25,287.5 



   
Source: IMPLAN Data for California; Analysis by LAEDC  



62,310 jobs 
Labor Income $ 34.9 billion 



Industry Output $ 217.1 billion 
Contribution to GDP $ 110.2 billion 



Industry Description 
 
Industries in the Utilities subsector provide electric 
power, natural gas, steam supply, water supply, and 
sewage removal through a permanent infrastructure of 
lines, mains, and pipes. Establishments are grouped 
together based on the utility service provided and the 
particular system or facilities required to perform the 
service. 
 



Vulnerability  
Index: 



9.3 Upstream 
9.3 Midstream 
9.9 Downstream 
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Primary Industry: 
WATER TRANSPORTATION (NAICS 483) 



 
Size of Industry: 
 
 



 
 
 
 
 
 
 



 
 
 
 
 



 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-5.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-6 lists the user industries in California of this 
industry’s goods and services.  



 
Exhibit 7-5 
Top 5 Products of the Water Transportation Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Water transportation service 5,937.8 100.0 
 



Exhibit 7-6 
Top 10 User Industries of Water Transportation 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



324 Petroleum and Coal Products Manufacturing  697.2  
487 & 488 Other Transportation  442.1  
562 Waste Management and Remediation Services  356.5  
42 Wholesale Trade  308.4  
541 Professional, Scientific, and Technical Services  286.7  
523 Securities, Commodity Contracts, and Other  214.5  
336 Transportation Equipment Manufacturing  190.4  
561 Administrative and Support Services  177.5  
531 Real Estate  160.4  
332 Fabricated Metal Product Manufacturing  120.9   



Top 10  2,954.5   
  



All Other Industries 973.9  
Total Industry Sales in California 3,928.4 



Source: IMPLAN Data for California; Analysis by LAEDC  



Vulnerability  
Index: 9.1 Midstream 



8.6 Downstream 



 



7,370 jobs 



Industry Output 
$ 5.9 billion 



Contribution to GDP $ 2.0 billion 



Labor Income $ 819 million 



Industry Description 
 
Industries in this subsector provide water transportation of passengers and cargo using watercraft, such as ships, barges 
and boats. The subsector is organized into two groups: (1) one for deep sea, coastal and Great Lakes; and (2) one for inland 
water transportation. This split typically reflects the difference in equipment used. 
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Primary Industry: 
ACCOMMODATION (NAICS 721) 



 
 
 



Size of Industry: 
 
 



 
 
 
 
 
 
 



 
 
 
 



 
 
 



Which Industries Use this Industry’s Products? 
 
Exhibit 7-8 lists the user industries in California of this 
industry’s goods and services. 
 
What This Primary Industry Sells 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-7.   



 
 



Exhibit 7-8 
Top 10 User Industries of Accommodation 
     
NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



541 Professional, Scientific, and Technical Services  1,235.1  
221 Utilities  580.7  
561 Administrative and Support Services  427.5  
525 Funds, Trusts, and Other Financial Vehicles  397.7  
311 Food Manufacturing  281.2  
722 Food Services and Drinking Places  273.1  
523 Securities, Commodity Contracts, and Other  246.7  
322 Paper Manufacturing  239.4  
23 Construction  238.2  
334 Computer and Electronic Product Manufacturing  231.2   



Top 10  4,150.8   
  



All Other Industries 2,861.1  
Total Industry Sales in California 7,011.9 



Source: IMPLAN Data for California; Analysis by LAEDC  



Exhibit 7-7 
Top 5 Products of the Accommodation Industry 
     
Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 Real estate buying and selling, leasing, 



managing, and related services 
 1,340.3  6.5% 



Hotels and motel services, including casino 
hotels 



 18,398.4  89.7% 
  



 
Total Industry Sales in California 20,502.9 $  100.0 



Vulnerability  
Index: 



8.1 Downstream 
9.3 Market 



179,840 jobs 
Labor Income $ 7.7 billion 



Industry Output $ 20.5 billion 
Contribution to GDP $ 13.9 billion 



Industry Description 
 
Industries in the Accommodation subsector provide lodging or 
short-term accommodations for travelers, vacationers, and 
others. There is a wide range of establishments in these 
industries. Some provide lodging only; while others provide 
meals, laundry services, and recreational facilities, as well as 
lodging.  
 
The subsector is organized into three groups: (1) traveler 
accommodation, (2) recreational accommodation, and (3) 
rooming and boarding houses. Traveler Accommodation 
includes establishments that primarily provide traditional types 
of lodging services, hotels, motels, and bed-and-breakfast inns. 
RV (Recreational Vehicle) Parks and Recreational Camps 
includes establishments that operate lodging facilities to 
accommodate outdoor enthusiasts, travel trailer campsites, 
recreational vehicle parks, and outdoor adventure retreats. 
Rooming and Boarding Houses includes establishments 
providing temporary or longer-term accommodations that for 
the period of occupancy, may serve as the principal residence. 
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Primary Industry: 



MINING AND MINING SUPPORT  
(NAICS 212, 213) 



 



Size of Industry: 
 
 
 
 
 



 
 
 



 
 
 
 



 
 
 
 



What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-9. 
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-10 lists the user industries in California of this 
industry’s goods and services.   



  
Exhibit 7-9 
Top 5 Products of the Mining and Mining Support Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Oil and gas wells  1,403.8  27.4% 
Sand and gravel  987.8  19.3% 
Support activities for oil and gas operations  964.3  18.8% 
Stone  427.0  8.3% 
Potash, soda, and borate mineral  333.1  6.5% 
   
     
Total Industry Sales in California 5,126.6 $   100.0 



 
Exhibit 7-10 
Top 10 User Industries of Mining and Mining Support 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



333 Machinery Manufacturing  242.2  
541 Professional, Scientific, and Technical Services  177.6  
324 Petroleum and Coal Products Manufacturing  148.7  
42 Wholesale Trade  106.0  
221 Utilities  86.9  
23 Construction  83.0  
325 Chemical Manufacturing  74.7  
523 Securities, Commodity Contracts, and Other  62.8  
532 Rental and Leasing Services  58.7  
482 Rail Transportation  28.7   



Top 10  1,069.4   
  



All Other Industries 788.90  
Total Industry Sales in California 1,858.2 



Source: IMPLAN Data for California; Analysis by LAEDC  



Vulnerability  
Index: 



8.7 Upstream 
8.1 Downstream 



23,430 jobs 
Labor Income $ 1.8 billion 



Industry Output $ 5.1 billion 
Contribution to GDP $ 3.3 billion 



Industry Description 
 
Mining and mining support includes two subsectors, (1) Mining 
(except oil and gas) and (2) support activities for mining. 
Industries in the mining (except Oil and Gas) subsector 
primarily engage in mining, mine site development, and 
beneficiating (i.e., preparing) metallic minerals and 
nonmetallic minerals, including coal. It includes ore extraction, 
quarrying, and beneficiating (e.g., crushing, screening, 
washing, sizing, concentrating, and flotation), customarily 
done at the mine site. Industries in the Support Activities for 
Mining subsector group establishments primarily providing 
support services, on a contract or fee basis, required for the 
mining and quarrying of minerals and for the extraction of oil 
and gas. Establishments performing exploration (except 
geophysical surveying and mapping) for minerals, on a 
contract or fee basis, are included in this subsector. Exploration 
includes traditional prospecting methods, such as taking core 
samples and making geological observations at prospective 
sites. 
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Primary Industry: 
MACHINERY MANUFACTURING (NAICS 333) 



 



Size of Industry: 
 
 
 
 
 



 
 
 



 
 
 
 



 
 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-11. 
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-12 lists the user industries in California of this 
industry’s goods and services.  



 
  



 



 



Exhibit 7-11 
Top 5 Products of the Machinery Manufacturing Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Semiconductor machinery  6,402.4  20.6% 
Other commercial service industry machinery  2,473.7  8.0% 
Optical instruments and lenses  2,136.8  6.9% 
Turbine and turbine generator set units  2,056.6  6.6% 
Farm machinery and equipment  1,688.1  5.4%  



    
Total Industry Sales in California 31,074.7 $   100.0 



Exhibit 7-12 
Top 10 User Industries of Machinery Manufacturing 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



332 Fabricated Metal Product Manufacturing  2,056.7  
331 Primary Metal Manufacturing  2,032.9  
42 Wholesale Trade  1,861.3  



541 Professional, Scientific, and Technical Services  1,087.2  
335 Electrical Equipment, Appliance, and Component 



Manufacturing 
 919.2  



334 Computer and Electronic Product Manufacturing  892.8  
326 Plastics and Rubber Products Manufacturing  573.9  
336 Transportation Equipment Manufacturing  433.4  
325 Chemical Manufacturing  393.4  
484 Truck Transportation  286.4   



Top 10  10,537.2   
  



All Other Industries 7,917.71  
Total Industry Sales in California 18,454.9 



Source: IMPLAN Data for California; Analysis by LAEDC  



Vulnerability  
Index: 



9.4 Upstream 
9.4 Midstream 



77,790 jobs 
Labor Income $ 8.8 billion 



Industry Output $ 31.1 billion 
Contribution to GDP $ 12.6 billion 



Industry Description 
 
Industries in this subsector create end products that apply 
mechanical force, for example, the application of gears and levers, to 
perform work. Some important processes for the manufacture of 
machinery are forging, stamping, bending, forming, and machining 
that are used to shape individual pieces of metal. Processes such as 
welding and assembling are used to join separate parts together. 
Although these processes are similar to those used in metal 
fabricating establishments, machinery manufacturing is different 
because it typically employs multiple metal forming processes in 
manufacturing the various parts of the machine. Moreover, complex 
assembly operations are an inherent part of the production process. 
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Primary Industry: 



FABRICATED METAL PRODUCTS 
MANUFACTURING (NAICS 332) 



Size of Industry: 
 
 



 
 
 
 
 
 



 
 
 
 



 
 
 
 



 
 What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-13.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-14 lists the user industries in California of this 
industry’s goods and services.  
 



 
Exhibit 7-13 
Top 5 Products of the Fabricated Metal Products Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Machined products  5,153.1  26.4% 
Turned products and screws, nuts, and bolts  3,103.1  15.9% 



Sheet metal work (except stampings)  2,942.9  15.1% 
Valve and fittings, other than plumbing  2,355.7  12.1% 



Fabricated structural metal products  1,832.8  9.4%  
    



Total Industry Sales in California 19,515.6 100.0 
 



Exhibit 7-14 
Top 10 User Industries of Fabricated Metal Products 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



42 Construction  1,507.3  
541 Food manufacturing  1,016.9  
325 Computer and electronic product manufacturing  1,006.3  
561 Chemical manufacturing  575.5  
334 Beverage and tobacco product manufacturing  537.2  
221 Transportation equipment manufacturing  460.0  
333 Wholesale Trade  434.8  
484 Food services and drinking places  318.9  
326 Miscellaneous manufacturing  291.2  
522 Furniture and related product manufacturing  272.2   



Top 10  12,689.3   
  



All Other Industries 6,826.24  
Total Industry Sales in California 19,515.6 



Source: IMPLAN Data for California; Analysis by LAEDC  
 



Vulnerability  
Index: 



8.9 Midstream 
8.3 Market 



139,070 jobs 



Industry Output $ 33.7 billion Labor Income $ 9.9 billion 



Contribution to GDP $ 14.2billion 



Industry Description 
 
Industries in this subsector transform metal into 
intermediate or end products, other than machinery, 
computers and electronics, and metal furniture, or treat 
metals and metal formed products fabricated elsewhere. 
Important fabricated metal processes are forging, 
stamping, bending, forming, and machining, used to shape 
individual pieces of metal; and other processes, such as 
welding and assembling, used to join separate parts 
together. 
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Primary Industry: 
PETROLEUM & COAL PRODUCTS 
MANUFACTURING (NAICS 324*) 
 



 



Size of Industry: 
 
 



 
 
 
 
 
 
 



 
 
 
 



 
 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-15.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-16 lists the user industries in California of this 
industry’s goods and services.  



  
 Exhibit 7-15 
Top 5 Products of the Petroleum & Coal Products Mfg. Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Refined petroleum products  70,398.6  91.6% 
Petrochemicals  3,708.7  4.8% 



Petroleum lubricating oil and grease  1,406.7  1.8% 
Asphalt shingles and coating materials  714.2  0.9% 



Asphalt paving mixtures and blocks  502.9  0.7%  
    



Total Industry Sales in California 76,823.2 100.0 
 



Exhibit 7-16 
Top 10 User Industries of Petroleum Products 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



211 Oil and Gas Extraction  43,012.4  
42 Wholesale Trade  2,728.0  
325 Chemical Manufacturing  2,103.0  
486 Pipeline Transportation  1,754.1  
23 Construction  1,458.1  
484 Truck Transportation  1,075.5  
221 Utilities  513.2  
541 Professional, Scientific, and Technical Services  273.3  
561 Administrative and Support Services  153.5  
482 Rail Transportation  107.8   



Top 10  53,179.0   
  



All Other Industries 4,766.78  
Total Industry Sales in California 57,945.8 



Source: IMPLAN Data for California; Analysis by LAEDC  
  



Midstream 
Vulnerability  



Index: 8.9 



13,720 jobs 



Industry Output $ 76.8 billion Labor Income $ 3.2 billion 



Contribution to GDP $ 18.5 billion 



Industry Description 
 
The Petroleum and Coal Products Manufacturing subsector is based on 
the transformation of crude petroleum and coal into usable products. 
The dominant process is petroleum refining that involves the 
separation of crude petroleum into component products through such 
techniques as cracking and distillation. 
 
In addition, this subsector includes establishments that primarily 
further process refined petroleum and coal products and produce 
products, such as asphalt coatings and petroleum lubricating oils. 
However, establishments that manufacture petrochemicals from 
refined petroleum are classified in Industry 32511, Petrochemical 
Manufacturing. 
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Primary Industry: 
SUPPORT ACTIVITIES FOR TRANSPORTATION 
(NAICS 487, 488) 



 



 



Size of Industry: 
 
 
 
 
 
 



 
 
 



 
 
 
 



 
 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-17.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-18 lists the user industries in California of this 
industry’s goods and services.   
 



 
 



 



 
Exhibit 7-18 
Top 10 User Industries of Support Activities for Transportation 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



492 Construction  1,457.0  
491 Food manufacturing  1,416.1  
561 Computer and electronic product manufacturing  448.9  
212213 Chemical manufacturing  434.1  
493 Beverage and tobacco product manufacturing  424.4  
23 Transportation equipment manufacturing  336.8  
333 Wholesale Trade  300.4  
531 Food services and drinking places  282.1  
541 Miscellaneous manufacturing  278.6  
324 Furniture and related product manufacturing  240.0   



Top 10  5,618.2   
  



All Other Industries 3,471.52  
Total Industry Sales in California 9,089.7 



Source: IMPLAN Data for California; Analysis by LAEDC  
  



Exhibit 7-17 
Top 5 Products of the Support Activities for Transportation Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Support activities for transportation, and  
       scenic and sightseeing transportation 



20,737.5 100.0 
  



 



Market 
Vulnerability  



Index: 8.4 



119,010 jobs 
Labor Income $ 9.4 billion 



Industry Output $ 20.7 billion 
Contribution to GDP $ 11.7 billion 



Industry Description 
 
This industry is comprised of two subsectors: (1) scenic and sightseeing 
transportation; and (2) support activities for transportation—the latter 
being by far the largest contributor. Industries in Scenic and Sightseeing 
Transportation utilize transportation equipment to provide recreation and 
entertainment. These activities have a production process distinct from 
passenger transportation carried out for the purpose of other types of for-hire 
transportation.  
 
Industries in the Support Activities for Transportation subsector provide 
services which support transportation. These services may be provided to 
transportation carrier establishments or to the general public and includes a 
wide array of establishments, including air traffic control services, marine 
cargo handling, and motor vehicle towing. The subsector also includes freight 
transportation arrangement and packing and crating services.  
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Primary Industry: 
FORESTRY, HUNTING AND FISHING  
(NAICS 113, 114) 
 



  



Size of Industry: 
 
 
 
 
 



 
 
 
 



 
 
 
 



What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-19.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 20 lists the user industries in California of this 
industry’s goods and services.  
 



 
Exhibit 7-20 
Top 10 User Industries of Forestry, Hunting and Fishing 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



111,112,115 Agriculture  56.2  
324 Petroleum and Coal Products Manufacturing  6.2  
484 Truck Transportation  4.6  
321 Wood Product Manufacturing  4.3  
811 Repair and Maintenance  2.9  
541 Professional, Scientific, and Technical Services  1.8  
487 & 488 Transportation  1.6  
532 Rental and Leasing Services  1.3  
333 Machinery Manufacturing  0.8  
525 Funds, Trusts, and Other Financial Vehicles  0.7   



Top 10  80.4   
  



All Other Industries 46.72  
Total Industry Sales in California 127.1 



Source: IMPLAN Data for California; Analysis by LAEDC  



Exhibit 7-19 
Top 5 Products of the Forestry, Hunting and Fishing Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Logs and roundwood  443.8  45.8% 
Fish  344.9  35.6% 
Forest, timber, and forest nursery products  126.3  13.0% 
Wild game products, pelts, and furs  54.6  5.6%  



    
Total Industry Sales in California 969.6   100.0 



Downstream 
Vulnerability  



Index: 8.0 



9,500 jobs 



Industry Output $ 970 million Labor Income $ 427 million 



Contribution to GDP $ 842 million 



Industry Description 
 
Forestry, hunting and fishing include two subsectors: (1) forestry and logging and (2) 
fishing, hunting and trapping. Industries in the forestry and logging subsector grow 
and harvest timber on a long production cycle (i.e., of 10 years or more). Long 
production cycles use different production processes than short production cycles. 
 
Industries in the fishing, hunting and trapping subsector harvest fish and other wild 
animals from their natural habitats and are dependent upon a continued supply of 
the natural resource.  
 
The harvesting of fish is the predominant economic activity of this subsector and it 
usually requires specialized vessels that, by the nature of their size, configuration and 
equipment, are not suitable for any other type of production, such as transportation. 
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Primary Industry: 
OIL AND GAS EXTRACTION(NAICS 211)  
 



Size of Industry: 
 
 
 
 
 



 
 
 
 



 
 
 



What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-23.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-24 lists the user industries in California of this 
industry’s goods and services.  
 
 
 



 



 
Exhibit 7-24 
Top 10 User Industries of Oil and Gas Extraction 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



212-213 Mining 902.8 
23 Construction  205.5  
325 Chemical Manufacturing  184.5  
486 Pipeline Transportation  156.8  
333 Machinery Manufacturing  107.0  
532 Rental and Leasing Services  76.7  
541 Professional, Scientific, and Technical Services  71.1  
221 Utilities  61.3  
324 Petroleum and Coal Products Manufacturing  40.6  
42 Wholesale Trade  40.2   



Top 10  1,846.5   
  



All Other Industries 826.82  
Total Industry Sales in California 2673.3 



Source: IMPLAN Data for California; Analysis by LAEDC  
  



Exhibit 7-23 
Top 5 Products of the Oil and Gas Extraction Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Natural gas and crude petroleum  6,735.9  92.7% 
Refined petroleum products  528.2  7.3% 
   
Total Industry Sales in California 969.6   100.0 



Vulnerability  
Index: 



8.4 Downstream 
8.4 Market 



32,360 jobs 
Labor Income $ 1.9 billion 



Industry Output $ 7.3 billion 
Contribution to GDP $ 4.6 billion 



Industry Description 
 
Industries in the Oil and Gas Extraction subsector 
operate and/or develop oil and gas field properties. Such 
activities may include exploration for crude petroleum 
and natural gas; drilling, completing, and equipping 
wells; operating separators, emulsion breakers, desilting 
equipment, and field gathering lines for crude petroleum 
and natural gas; and all other activities in the 
preparation of oil and gas up to the point of shipment 
from the producing property. This subsector includes the 
production of crude petroleum, the production of natural 
gas, sulfur recovery from natural gas, and recovery of 
hydrocarbon liquids. 
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Primary Industry: 
WHOLESALE TRADE (NAICS 42) 
 
 



 



Size of Industry: 
 
 



 
 
 
 
 
 



 
 
 
 



 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-25.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-26 lists the user industries in California of this 
industry’s goods and services.  
 



 



 
Exhibit 7-26 
Top 10 User Industries of Wholesale Trade 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



541 Professional, Scientific, and Technical Services  12,620.4  
531  Real Estate  7,292.4  
55 Management of Companies and Enterprises  6,694.0  
561 Administrative and Support Services  4,743.5  
524 Insurance Carriers and Related Activities  2,699.3  
491 Postal Service  2,581.0  
492 Couriers and Messengers  2,513.9  
493 Warehousing and Storage  2,259.3  
487 & 
488 



Other Transportation  2,099.2  



517 Telecommunications  1,954.6   
Top 10  47,333.2   



  
All Other Industries 18,997.09  
Total Industry Sales in California 66,330.3 



Source: IMPLAN Data for California; Analysis by LAEDC  
 
  



Exhibit 7-25 
Top 5 Products of the Wholesale Trade Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Wholesale trade distribution services 217,364.9  100.0 



Downstream 
Vulnerability  



Index: 8.9 



867,900 jobs 
Labor Income $ 75.1 billion 



Industry Output $ 217.4 billion 
Contribution to GDP $ 151.1 billion 



Industry Description 
 
Establishments in this industry sector are engaged in 
wholesaling merchandise, generally without 
transformation, and rendering services incidental to the sale 
of merchandise. The merchandise described in this sector 
includes the outputs of agriculture, mining, manufacturing, 
and certain information industries, such as publishing. 
 
The wholesaling process is an intermediate step in the 
distribution of merchandise. Wholesalers are organized to 
sell or arrange the purchase or sale of (a) goods for resale 
(i.e., goods sold to other wholesalers or retailers), (b) capital 
or durable nonconsumer goods, and (c) raw and 
intermediate materials and supplies used in production. This Photo by Unknown Author is licensed under CC BY-SA 





https://stackoverflow.com/q/40950473


https://creativecommons.org/licenses/by-sa/3.0/
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Primary Industry: 
LEATHER AND ALLIED PRODUCT 
MANUFACTURING (NAICS 316) 
 



 



Size of Industry: 
 
 
 
 
 



 
 
 



 
 
 
 



 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-27.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-28 lists the user industries in California of this 
industry’s goods and services.  
 
 
 
 
 



 



Exhibit 7-28 
Top 10 User Industries of Oil and Gas Extraction 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



42 Wholesale Trade  58.6  
311 Food manufacturing  45.0  
541 Professional, Scientific, and Technical Services  36.8  
313 Textile Mills  22.5  
339  Miscellaneous Manufacturing  21.7  
325 Chemical Manufacturing  18.4  
523 Securities, Commodity Contracts, and Other  18.3  
326 Plastics and Rubber Products Manufacturing  15.6  
332 Fabricated Metal Product Manufacturing  14.8  
561 Administrative and Support Services  6.3   



Top 10  257.9   
  



All Other Industries 133.69  
Total Industry Sales in California 391.6 



Source: IMPLAN Data for California; Analysis by LAEDC  



Exhibit 7-27 
Top 5 Products of the Leather & Allied Product Mfg. Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales 
Other leather and allied products 349.7 65.9% 
Footwear 111.4 21.0% 
Tanned and finished leather and hides 69.4 13.1% 
   
Other cut and sew apparel 0.4 0.1% 
   
Total Industry Sales in California 969.6   100.0 
   



Downstream 
Vulnerability  



Index: 8.1 



3,740 jobs 



Industry Description 
 
Establishments in this industry subsector transform hides into 
leather by tanning or curing and fabricating the leather into 
products for final consumption. It also includes the manufacture 
of similar products from other materials, including products 
(except apparel) made from "leather substitutes," such as 
rubber, plastics, or textiles. Rubber footwear, textile luggage, 
and plastics purses or wallets are examples of "leather 
substitute" products included in this group. The products made 
from leather substitutes are included in this subsector because 
they are made in similar ways leather products are made (e.g., 
luggage). They are made in the same establishments, so it is not 
practical to separate them. 



Labor Income $ 151 million 
Industry Output $ 531 million 



Contribution to GDP $ 139 million 
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Primary Industry: 
PROFESSIONAL BUSINESS SERVICES  
(NAICS 541) 
 



 



Size of Industry: 
 
 
 
 
 
 



 
 
 
 
 



 
 
 



 
 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-29.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-30 lists the user industries in California of this 
industry’s goods and services.  
 



 
 



 
Exhibit 7-30 
Top 10 User Industries of Professional Business Services 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



531 Real Estate  18,293.6  
561 Administrative and Support Services  17,021.3  
521 & 
522 



Credit Intermediation and Related Activities  3,624.4  



517 Telecommunications  3,575.2  
55 Management of Companies and Enterprises  3,498.0  
722 Food Services and Drinking Places  2,992.9  
524 Insurance Carriers and Related Activities  2,668.5  
334 Computer and Electronic Product Manufacturing  1,972.4  
533 Lessors of Nonfinancial Intangible Assets  1,525.4  
42 Wholesale Trade  1,475.0   



Top 10  56,646.9   
  



All Other Industries 67,246.61 



Exhibit 7-29 
Top 5 Products of the Professional Business Services Industry 
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales 
Custom computer programming services  60,783.1  15.5% 
Legal services  47,419.4  12.1% 
Architectural, engineering, and related services  38,310.6  9.8% 
Accounting, tax preparation, bookkeeping, and 
payroll services 



 23,919.4  6.1% 



Specialized design services  7,582.1  1.9% 
   
Total Industry Sales in California 391,828.3 100.0   



 
Source: IMPLAN Data for California; Analysis by LAEDC  



Market 
Vulnerability  



Index: 8.4 
Industry Description 
 
The Professional Business Services sector comprises 
establishments that specialize in performing professional, 
scientific, and technical activities for others. These activities 
require a high degree of expertise and training. The 
establishments in this sector specialize according to expertise 
and provide these services to clients in a variety of industries 
and, in some cases, to households. Activities performed 
include: legal advice and representation; accounting, 
bookkeeping, and payroll services; architectural, 
engineering, and specialized design services; computer 
services; consulting services; research services; advertising 
services; photographic services; translation and 
interpretation services; veterinary services; and other 
professional business services. 



2,168,910 jobs 
Labor Income $ 2.0 billion 



Industry Output $ 11.1 billion 
Contribution to GDP $ 2.7 billion 
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Total Industry Sales in California 123,893.5 Source: IMPLAN Data for California; Analysis by LAEDC  



Primary Industry: 
LESSORS OF NONFINANCIAL 
INTANGIBLE ASSETS (except Copyrighted 
Works) (NAICS 533) 
 



 



Size of Industry: 
 
 
 
 
 



 
 
 



 
 
 
 



 
 
 



 
What This Primary Industry Sells 
 
The products and services that are sold by this industry 
in California are shown in Exhibit 7-31.  
 
Which Industries Use this Industry’s Products? 
 
Exhibit 7-32 lists the user industries in California of this 
industry’s goods and services.  
 



 
  



 
Exhibit 7-32 
Top 10 User Industries of Lessors of Nonfinancial Intangible Assets 
     



NAICS Industry Description 



Purchases From  
This CA Industry 



($ millions)   
 



541 Professional, Scientific, and Technical Services  4,239.5  
561 Administrative and Support Services  2,738.4  
519 Other Information Services  935.8  
531 Real Estate  399.4  
522 Credit Intermediation and Related Activities  393.4  
517 Telecommunications  384.8  
524 Insurance Carriers and Related Activities  384.7  
523 Securities, Commodity Contracts, and Other  338.5  
813 Religious, Grantmaking, Civic, Professional, and 



Similar Organizations 
 226.1  



532 Rental and Leasing Services  141.6   
Top 10  10,182.1   



  
All Other Industries  3,271.7   
Total Industry Sales in California  13,453.8  



Source: IMPLAN Data for California; Analysis by LAEDC  
  



Exhibit 7-31 
Top 5 Products of the Lessors of Nonfinancial Intangible Assets  
     



Commodity 



Sales in  
California 



($ millions) 



% of 
Industry 



Sales   
 



Leasing of nonfinancial intangible assets  27,408.8  100.0   
 



Source: IMPLAN Data for California; Analysis by LAEDC  



Vulnerability  
Index: 8.9 Upstream 



8.9 Downstream 



21,790 jobs 



Industry Description 
 
Establishments in this industry subsector include establishments 
that are primarily engaged in assigning rights to assets, such as 
patents, trademarks, brand names, and/or franchise 
agreements for which a royalty payment or licensing fee is paid 
to the asset holder. Establishments in this subsector own the 
patents, trademarks, and/or franchise agreements that they 
allow others to use or reproduce for a fee and may or may not 
have created those assets. 



Labor Income $ 1.4 billion 
Industry Output $ 27.4 billion 



Contribution to GDP $ 13.9 billion 
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8   Geography of the Jobs at Risk 
 



 
hanges that occur in the direct activity associated 
with each segment of the oil and gas industry, 
upstream, midstream, downstream and market, 



will not only affect employment in the industries 
themselves, but will also extend across user industries 
that rely upon the use of products from the oil and gas 
industry in their supply chain, or who are users of the 
dependent industry's output. Individuals employed in 
these industries have jobs at risk. 
 
In California, the oil and gas industry directly employs 
152,100 and industry sectors identified to be the most at 
risk due to their interconnectedness with the oil and gas 
industry (manufacturing, transportation and 
agriculture), provide close to 2.3 million jobs statewide 
(Exhibit 8-1).  
 
 



 
These jobs are dispersed across different geo-political 
boundaries in the state, with each area boasting unique 
mixes and concentrations of the respective industries. 
This section identifies both (mix and concentrations) for 
industries most at risk across the different counties and 
across different congressional districts located in 
California. 
  



C   



Exhibit 8-1 
Jobs at Risk Due to Industry Interconnectedness 
California 2017 



    
Payroll 
Jobs 



CA Ave 
Annual 



Wage  
    
Agriculture 



  
 421,749 $33,299 



Manufacturing  1,303,550 92,246 
Transportation and Warehousing  551,752 54,446 
    
Total Jobs in At-Risk Sectors  2,277,051  
Share of Total Jobs  13.4% 



 
 



    
Total Covered  17,019,703  
    
Source: Estimates by LAEDC  
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County Level 
 



 
 



California is comprised of 58 counties, each with a 
distinctive mix of industries. Counties in the state vary 
significantly in land area, population size, total 
employment, demographics, industry mix and more. 
 
Employment and wage data is available at the county 
level from the California Employment Development 
Department (EDD) Labor Market Information Division, 



Quarterly Census of Employment & Wages (QCEW). Data 
is obtained from the Unemployment Insurance program 
and represents approximately 99.7 percent of all private 
payroll employment in the nation (excluding the self-
employed). The most current annual data available is for 
2017. These are job counts and may be full- or part-time.  
 
 



 
Exhibit 8-2 
Oil and Gas Industry Disruptions: Jobs Most At-Risk by County 
California 2017 



    



  
----------------------------- Jobs in At-Risk Industry Sectors -----------------------------



-    
Share of Total 
Jobs in County 



(Percent) 
County 



Total Jobs in At-
Risk Industries Agriculture Manufacturing Transportation 



      
Alameda County                107,002              597               79,447                   26,958  18.1% 
Alpine County *                         33                 -                        33                          -    7.6% 
Amador County                    1,275              412                    728                        135  23.2% 
Butte County                    8,398           3,167                 4,251                        980  10.2% 
Calaveras County                       721              263                    307                        151  7.7% 
Colusa County                    4,242           2,825                 1,266                        151  47.1% 
Contra Costa County *                  22,929              780               15,616                     6,533  6.3% 
Del Norte County                       520              339                    117                          64  6.4% 
El Dorado County                    3,349              382                 2,549                        418  5.9% 
Fresno County                  81,905         45,982               25,428                   10,495  21.4% 
Glenn County                    3,331           2,195                    660                        476  37.3% 
Humboldt County *                    4,177           1,232                 2,041                        904  8.5% 
Imperial County                  14,940         11,389                 1,391                     2,160  23.8% 
Inyo County                       374                40                    292                          42  5.0% 
Kern County                  83,791         61,715               13,294                     8,782  26.5% 
Kings County                  13,900           7,766                 4,838                     1,296  29.7% 
Lake County                    1,527           1,029                    325                        173  9.3% 
Lassen County                       858              709                        6                        143  8.5% 
Los Angeles County                524,392           5,815             346,364                 172,213  12.0% 
Madera County                  16,056         11,945                 3,412                        699  32.8% 
Marin County *                    6,212              351                 4,801                     1,059  5.4% 
Mariposa County                       154                32                      91                          31  2.8% 
Mendocino County                    4,638           1,653                 2,443                        542  14.4% 
Merced County                  26,524         14,204                 9,521                     2,799  33.4% 
Modoc County *                       402              365                      13                          24  18.7% 
Mono County                       152                64                      60                          28  2.1% 
Monterey County                  61,773         53,071                 5,478                     3,224  32.4% 
Napa County                  19,368           5,011               12,569                     1,788  25.2% 
Nevada County                    1,969              173                 1,402                        394  6.3% 
Orange County                184,267           2,141             157,659                   24,467  11.6% 
Placer County *                    8,381              335                 5,789                     2,257  5.2% 
Plumas County                       666                85                    485                          96  10.7% 
Riverside County                  95,029         12,282               42,853                   39,894  13.3% 
Sacramento County                  36,093           3,115               20,790                   12,188  5.6% 
San Benito County                    6,006           2,217                 3,328                        461  35.4% 
San Bernardino County                128,165           2,030               55,328                   70,807  17.6% 
San Diego County                142,913           8,582             107,952                   26,379  10.0% 
San Francisco County *                  26,403              184               12,902                   13,317  3.7% 
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Exhibit 8-2 (cont’d)  
      
  ----------------------------- Jobs in At-Risk Industry Sectors -----------------------------  



County 
Total Jobs in At-Risk 



Industries Agriculture Manufacturing Transportation 



Share of Total 
Jobs in County 



(Percent) 
      
San Joaquin County                  60,045         16,321               19,017                   24,707  24.2% 
San Luis Obispo County                  14,191           5,173                 7,170                     1,848  12.1% 
San Mateo County                  58,282           1,678               25,977                   30,627  14.6% 
Santa Barbara County                  37,462         21,630               12,923                     2,909  19.0% 
Santa Clara County                177,522           3,543             161,648                   12,331  16.6% 
Santa Cruz County *                  16,272           8,052                 6,818                     1,402  15.6% 
Shasta County                    5,057           1,158                 2,573                     1,326  7.7% 
Sierra County *                         37                15                      11                          11  7.5% 
Siskiyou County                    2,101           1,046                    880                        175  15.1% 
Solano County                  17,631           1,716               12,223                     3,692  12.7% 
Sonoma County                  32,098           6,093               22,720                     3,285  15.6% 
Stanislaus County                  42,780         14,294               21,300                     7,186  22.9% 
Sutter County                    6,917           4,494                 1,466                        957  22.6% 
Tehama County                    5,480           2,103                 1,808                     1,569  29.8% 
Trinity County                       254                23                    219                          12  9.3% 
Tulare County                  57,545         38,493               12,728                     6,324  35.5% 
Tuolumne County                    1,020              135                    783                        102  5.9% 
Ventura County                  58,854         23,689               30,055                     5,110  18.3% 
Yolo County                  18,498           5,679                 6,256                     6,563  18.2% 
Yuba County                    1,753              747                    712                        294  10.1% 
Source: CA EDD, LMID, QCEW; * nondisclosed estimates by IMPLAN 
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California State Senate Districts 
 



 
 



The California State Senate is the upper house of the 
California State Legislature. The state is split into 40 
senate districts according to population size, with 
approximately 931,300 residents in each district.  



Employment data at the industry sector level by 
California Senate District is available through the U.S. 
Census Bureau, the most recent available is for 2017. 
 
For more data by senate district, refer to the Appendix. 



 
Exhibit 8-3 
Oil and Gas Industry: Jobs Most At-Risk by California Senate District 
California 2017 



    
  --------------------------- Jobs in At-Risk Industry Sectors ------------------------------    Share of Total 



Jobs in SD 
(Percent) District 



Total Jobs in At-
Risk Industries Agriculture Manufacturing Transportation 



      
Senate District 1 39,588 7,861 28,042 3,685 9.0% 
Senate District 2 44,608 13,304 27,579 3,725 10.7% 
Senate District 3 64,774 14,852 42,976 6,946 11.6% 
Senate District 4 48,207 15,045 28,621 4,541 9.7% 
Senate District 5 63,204 16,857 39,748 6,599 15.1% 
Senate District 6 29,957 3,292 21,933 4,732 6.7% 
Senate District 7 49,314 3,903 40,223 5,188 10.2% 
Senate District 8 69,428 25,733 37,907 5,788 13.2% 
Senate District 9 38,918 1,692 29,978 7,248 8.1% 
Senate District 10 79,732 1,437 72,677 5,618 17.4% 
Senate District 11 35,487 1,024 27,515 6,948 6.6% 
Senate District 12 102,961 61,655 36,528 4,778 22.4% 
Senate District 13 61,900 1,928 54,046 5,926 12.9% 
Senate District 14 122,325 80,210 31,201 10,914 24.5% 
Senate District 15 81,763 2,660 74,811 4,292 17.9% 
Senate District 16 93,198 47,766 28,958 16,474 19.2% 
Senate District 17 65,691 23,334 38,154 4,203 14.2% 
Senate District 18 41,225 2,128 34,510 4,587 9.6% 
Senate District 19 66,806 29,350 32,988 4,468 15.6% 
Senate District 20 72,334 3,138 56,002 13,194 13.6% 
Senate District 21 44,316 2,892 34,983 6,441 11.6% 
Senate District 22 57,589 2,340 47,981 7,268 12.8% 
Senate District 23 53,455 3,481 41,000 8,974 10.1% 
Senate District 24 46,161 2,014 39,386 4,761 10.7% 
Senate District 25 44,146 2,087 36,601 5,458 8.4% 
Senate District 26 48,092 1,383 39,683 7,026 8.2% 
Senate District 27 43,803 3,439 36,470 3,894 10.0% 
Senate District 28 43,960 8,004 30,960 4,996 9.7% 
Senate District 29 71,184 2,448 62,144 6,592 14.2% 
Senate District 30 54,089 1,933 42,833 9,323 10.8% 
Senate District 31 65,703 3,309 51,546 10,848 13.1% 
Senate District 32 72,664 2,184 61,168 9,312 14.7% 
Senate District 33 79,214 2,235 65,665 11,314 16.7% 
Senate District 34 72,977 3,119 64,661 5,197 15.7% 
Senate District 35 75,836 2,293 58,366 15,177 14.7% 
Senate District 36 56,465 4,062 48,357 4,046 12.5% 
Senate District 37 63,999 1,998 57,761 4,240 12.7% 
Senate District 38 59,774 6,977 47,905 4,892 11.7% 
Senate District 40 50,147 1,752 44,638 3,757 9.9% 



Source: U.S. Census Bureau 
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California State Assembly Districts 
 



 
 



The California State Legislature is split into 53 assembly 
districts according to population size, with each member 
representing at least 465,000 residents in each district. 
 



Employment data at the industry sector level by assembly 
district in California is available through the U.S. Census 
Bureau, the most recent available is for 2017. 
 



 
Exhibit 8-4 
Oil and Gas Industries: Jobs Most At-Risk by California State Assembly District 
California 2017 



    
  --------------------------- Jobs in At-Risk Industry Sectors-------------------------------    Share of Total 



Jobs in AD 
(Percent) District 



Total Jobs in At-
Risk Industries Agriculture Manufacturing Transportation 



      
Assembly District 1 21,690 5,936 10,362 5,392 11.8% 
Assembly District 2 30,245 8,862 16,591 4,792 14.4% 
Assembly District 3 33,105 13,372 13,512 6,221 17.3% 
Assembly District 4 39,217 12,570 19,987 6,660 17.5% 
Assembly District 5 31,174 12,649 12,642 5,883 17.1% 
Assembly District 6 25,361 1293 18,095 5,973 11.0% 
Assembly District 7 22,583 1467 11,501 9,615 10.2% 
Assembly District 8 20,945 947 10,555 9,443 9.5% 
Assembly District 9 28,202 4,568 13,320 10,314 13.2% 
Assembly District 10 25,956 3,460 16,335 6,161 10.7% 
Assembly District 11 31,569 2458 18,491 10,620 14.1% 
Assembly District 12 45,658 10462 24,004 11,192 22.0% 
Assembly District 13 40,271 7693 18,384 14,194 20.7% 
Assembly District 14 27,309 1157 16,595 9,557 11.4% 
Assembly District 15 24,404 791 13,787 9,826 9.5% 
Assembly District 16 31,369 767 24,714 5,888 12.6% 
Assembly District 17 25,186 525 15,544 9,117 8.6% 
Assembly District 18 33,460 1,015 18,450 13,995 13.4% 
Assembly District 19 30,017 588 14,833 14,596 10.5% 
Assembly District 20 44,942 890 30,235 13,817 18.3% 
Assembly District 21 48,421 17,590 21,368 9,463 26.8% 
Assembly District 22 35,052 902 21,930 12,220 13.3% 
Assembly District 23 26,903 4,467 14,024 8,412 12.2% 
Assembly District 24 41,245 1,355 35,898 3,992 16.3% 
Assembly District 25 63,221 438 55,272 7,511 24.1% 
Assembly District 26 53,430 32,551 14,447 6,432 29.0% 
Assembly District 27 49,486 1655 39,173 8,658 19.9% 
Assembly District 28 45,663 656 40,457 4,550 18.7% 
Assembly District 29 32,712 6436 21,071 5,205 13.9% 
Assembly District 30 61,864 36678 19,362 5,824 28.8% 
Assembly District 31 55,804 32716 15,490 7,598 32.2% 
Assembly District 32 58,115 41402 10,154 6,559 35.5% 
Assembly District 33 26,702 890 11,413 14,399 16.0% 
Assembly District 34 28,566 8498 11,246 8,822 13.9% 
Assembly District 35 41,192 19,521 15,612 6,059 18.7% 
Assembly District 36 28,272 1,607 18,612 8,053 16.1% 
Assembly District 37 32,871 8474 18,601 5,796 13.6% 
Assembly District 38 32,522 905 24,232 7,385 13.6% 
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Exhibit 8- 4(cont’d)  
      
  ----------------------------- Jobs in At-Risk Industry Sectors -----------------------------  



District 
Total Jobs in At-Risk 



Industries Agriculture Manufacturing Transportation 



Share of Total 
Jobs in AD 
(Percent) 



      
Assembly District 39 35,409 1599 23,740 10,070 15.9% 
Assembly District 40 32,667 1127 16,284 15,256 15.6% 
Assembly District 41 24,393 641 15,752 8,000 10.3% 
Assembly District 42 19,874 1,943 10,321 7,610 10.7% 
Assembly District 43 23,348 574 14,654 8,120 9.4% 
Assembly District 44 46,272 15774 25,648 4,850 20.4% 
Assembly District 45 25,887 860 18,231 6,796 10.2% 
Assembly District 46 27,468 839 18,233 8,396 10.6% 
Assembly District 47 45,092 922 21,689 22,481 22.0% 
Assembly District 48 38,847 1414 26,128 11,305 17.6% 
Assembly District 49 32,699 628 21,830 10,241 15.1% 
Assembly District 50 17,950 597 12,344 5,009 6.5% 
Assembly District 51 34,135 1,105 22,662 10,368 15.3% 
Assembly District 52 45,116 1984 26,335 16,797 21.1% 
Assembly District 53  40,225 1107 28,913 10,205 16.9% 
Assembly District 54 22,006 543 11,706 9,757 9.0% 
Assembly District 55 36,189 860 27,097 8,232 15.6% 
Assembly District 56 24,583 12,412 7,366 4,805 14.0% 
Assembly District 57 43,283 933 28,872 13,478 20.0% 
Assembly District 58 43,489 647 27,304 15,538 20.1% 
Assembly District 59 45,427 1,262 30,608 13,557 23.6% 
Assembly District 60 44,992 1,647 29,097 14,248 19.7% 
Assembly District 61 37,138 1,200 18,461 17,477 17.5% 
Assembly District 62 35,982 958 18,546 16,478 15.0% 
Assembly District 63 48,051 911 30,591 16,549 23.5% 
Assembly District 64 48,070 1,440 28,547 18,083 24.0% 
Assembly District 65 40,854 932 30,868 9,054 17.9% 
Assembly District 66 42,078 366 29,657 12,055 18.0% 
Assembly District 67 29,125 1,993 18,416 8,716 13.8% 
Assembly District 68 39,358 1,016 32,156 6,186 15.3% 
Assembly District 69 45,089 2,264 36,012 6,813 19.6% 
Assembly District 70 40,008 566 21,455 17,987 17.2% 
Assembly District 71 26,617 1,945 16,123 8,549 12.3% 
Assembly District 72 43,925 913 35,061 7,951 18.9% 
Assembly District 73 32,650 595 26,132 5,923 13.1% 
Assembly District 74 32,260 957 25,947 5,356 12.9% 
Assembly District 75 35,058 5,356 23,255 6,447 15.4% 
Assembly District 76 34,807 2,991 26,345 5,471 15.7% 
Assembly District 77 39,635 488 32,830 6,317 16.0% 
Assembly District 78 24,936 766 17,736 6,434 9.7% 
Assembly District 79 26,415 844 17,028 8,543 11.1% 
Assembly District 80 25,407 1,037 15,318 9,052 12.7% 
      
Source: U.S. Census Bureau 



 
A description of the industry sectors is provided in the Appendix.    
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9   Backward and Forward Linkages in California by County  
 



Alameda County 
 



 
 
 
 
 
 
 



Exhibit 9-3 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Alameda County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   3,007  185.5 403.2 1,264.4 
Indirect   1,160  87.5              135.1              202.3              
Induced  1,180  68.6              123.8              191.3              
     
TOTAL CONTRIBUTION* 5,340 341.6 662.1 1,658 
     
Percent of County Total 0.5% 0.4% 0.5% 0.7% 
Percent of Total CA Contribution 1.5% 1.3% 1.1% 1.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  366.5    
Property taxes  43.4    



Personal income taxes  10.3    



Corporate profits taxes  2.8    



Social insurance taxes  1.7    



DOGGR Assessment  0.0    
Other taxes  13.2    



Fees, fines and permits  16.0    



     
TOTAL TAX REVENUES*   453.8   
      
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-1     
Direct Activity of Oil and Gas Industry 
Alameda County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                        80                        2.5  
Mid-stream                      196                      16.0  
Downstream                        56                        6.9  
Market                   2,676                    160.0  
      
Total Direct Activity                   3,007                    185.5  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-2
Economic Base in Alameda County
Payroll Jobs
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Exhibit 9-4 (Alameda)
Forward Linkages:
Oil and Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Butte County 
 



 
 
 
 
 



 
 
 
 
 
 



  



Exhibit 9-5     
Direct Activity of Oil and Gas Industry 
Butte County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               34               1.4  
Mid-stream               48               2.9  
Downstream                -                   -    
Market             323             10.2  
      
Total Direct Activity             404          14.52  
Source: QCEW; Estimates by LAEDC   



Exhibit 9-7 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Butte County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   404  14.5 31.6 67.7 
Indirect   80  3.5              6.4              11.5              
Induced  90  3.8              7.2              12.0              
     
TOTAL CONTRIBUTION* 570 21.8 45.2 91.2 
     
Percent of County Total 0.5% 0.4% 0.5% 0.5% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     55.2    
Property taxes        3.0    



Personal income taxes        0.6    



Corporate profits taxes        0.3    



Social insurance taxes        0.1    



DOGGR Assessment          -      



Other taxes        0.5    



Fees, fines and permits        2.1    
TOTAL TAX REVENUES*      61.9    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 
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Exhibit 9-6
Economic Base
Butte County
Payroll Jobs
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Exhibit 9-8 (Butte)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Colusa County 
 



 
 
 
 
 
 



Exhibit 9-11 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Colusa County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   196  10.7 22.9 46.3 
Indirect   30  1.7              2.9              4.7              
Induced  20  1.0              2.3              3.7              
     
TOTAL CONTRIBUTION* 250 13.5 27.7 54.8 
     
Percent of County Total 2.0% 1.8% 2.7% 2.3% 
Percent of Total CA Contribution 0.1% 0.1% 0.05% 0.04% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes        9.9    
Property taxes        3.0    



Personal income taxes        0.4    



Corporate profits taxes        0.1    



Social insurance taxes        0.1    



DOGGR Assessment        0.1    



Other taxes        0.5    



Fees, fines and permits        0.6    
TOTAL TAX REVENUES*      14.6    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-9     
Direct Activity of Oil and Gas Industry 
Colusa County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 1               0.1  
Mid-stream               23               1.5  
Downstream                -                   -    
Market             173               9.1  
      
Total Direct Activity             196            10.7  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-10
Economic Base
Colusa County
Payroll Jobs
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Exhibit 9-12 (Colusa)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Contra Costa County 
 



 
 
 
 
 
 



Exhibit 9-15 
Backward Linkages: Oil and Gas 
Total Economic and Fiscal Contribution  
Contra Costa County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  12,233 1,512.8 8,399.7 32,725.7 
Indirect  15,980             1,175.4              1,818.0              2,851.0              
Induced 9,900              525.0              1,019.4              1,578.7              
     
TOTAL CONTRIBUTION* 38,110 3,213.1 11,237.1 37,115.4 
     
Percent of County Total 6.7% 8.2% 15.4% 27.9% 
Percent of Total CA Contribution 10.4% 12..3% 18.9% 24.4% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   563.6    
Property taxes   439.7    



Personal income taxes   100.7    



Corporate profits taxes     82.3    



Social insurance taxes     15.4    



DOGGR Assessment        0.0    



Other taxes     99.1    



Fees, fines and permits     46.1    
TOTAL TAX REVENUES*  1,346.8   
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-13     
Direct Activity of Oil and Gas Industry 
Contra Costa County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             160               8.4  
Mid-stream          1,579           172.0  
Downstream          4,480           669.0  
Market          6,015           707.3  
      
Total Direct Activity        12,233        1,556.8  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-14
Economic Base
Contra Costa County
Payroll Jobs
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Exhibit 9-16 (Contra Costa)
Forward Linkages:
Oil & Gas Industry
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Payroll Jobs
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El Dorado County 
 



 
 
 
 
 
 



Exhibit 9-19 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
El Dorado County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   561  30.6 127.6 497.4 
Indirect   300  15.4              24.3              43.8              
Induced  160  6.5              13.3              22.4              
     
TOTAL CONTRIBUTION* 1,020 52.5 165.2 563.6 
     
Percent of County Total 1.1% 1.1% 2.2% 4.3% 
Percent of Total CA Contribution 0.3% 0.23% 0.3% 0.4% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     52.7    
Property taxes        9.1    



Personal income taxes        1.5    



Corporate profits taxes        0.8    



Social insurance taxes        0.2    



DOGGR Assessment          -      



Other taxes        1.8    



Fees, fines and permits        2.6    
TOTAL TAX REVENUES*      68.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-17     
Direct Activity of Oil and Gas Industry 
El Dorado County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 5               0.3  
Mid-stream               15               1.7  
Downstream               66             10.8  
Market             475             17.8  
      
Total Direct Activity             561             30.6  
Source: QCEW; Estimates by LAEDC   Government 



10,567 
18.7%Leisure



9,671 
17.1%



Educ.&Health
7,782 



13.8%



Trade,transp,utilities
7,516 



13.3%



Prof. 
activities



6,193 
11.0%



Construction
4,769 
8.5%



Finance
4,310 
7.6%



Manuf
2,561 
4.5%



Other services
2,032 
3.6%



Other
1,013 
1.8%



Total Jobs in 2017: 
56,414



Oil and Gas Jobs: 
561



Share of Total: 
1.0%



Source: BLS



Exhibit 9-18
Economic Base
El Dorado County
Payroll Jobs
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Exhibit 9-20 (El Dorado)
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Fresno County 
 



 
 
 
 
 
 



Exhibit 9-23 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Fresno County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   2,969  227.2 478.5 1,257.4 
Indirect   1,500  77.8              124.8              206.5              
Induced  1,520  67.8              124.3              207.4              
     
TOTAL CONTRIBUTION* 5,990 372.8 727.6 1,671.3 
     
Percent of County Total 1.2% 1.4% 1.8% 2.3% 
Percent of Total CA Contribution 1.6% 1.4% 1.2% 1.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   276.5    
Property taxes     51.0    



Personal income taxes     11.2    



Corporate profits taxes        2.9    



Social insurance taxes        1.8    



DOGGR Assessment        3.6    



Other taxes     11.7    



Fees, fines and permits     14.8    
TOTAL TAX REVENUES*    373.6    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-21     
Direct Activity of Oil and Gas Industry 
Fresno County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             149             13.5  
Mid-stream             263             20.5  
Downstream               37               2.4  
Market          2,522           190.8  
      
Total Direct Activity          2,969           227.2  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-22
Economic Base
Fresno County
Payroll Jobs
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Exhibit 9-24 (Fresno)
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Oil & Gas Industry
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Glenn County 
 



 
 
 
 
 
 



Exhibit 9-27 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Glenn County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   139  7.7 15.4 35.3 
Indirect   30  1.3              1.8              3.1              
Induced  30  1.0              1.9              3.2              
     
TOTAL CONTRIBUTION* 190 9.9 19.1 41.6 
     
Percent of County Total 1.4% 1.4% 1.6% 1.8% 
Percent of Total CA Contribution 0.1% 0.04% 0.03% 0.03% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     21.3    
Property taxes        2.2    



Personal income taxes        0.3    



Corporate profits taxes        0.0    



Social insurance taxes        0.1    



DOGGR Assessment        0.2    



Other taxes        0.4    



Fees, fines and permits        1.2    
TOTAL TAX REVENUES*      25.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-25     
Direct Activity of Oil and Gas Industry 
Glenn County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               10               1.0  
Mid-stream               26               1.5  
Downstream                -                   -    
Market             103               5.2  
      
Total Direct Activity             139               7.7  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-26
Economic Base
Glenn County
Payroll Jobs
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Humboldt County 
 



 
 
 
 
 
 



Exhibit 9-31 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Humboldt County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  565 20.0 37.9 92.6 
Indirect  120              5.1              8.6              15.6              
Induced 110              4.7              8.8              14.9              
     
TOTAL CONTRIBUTION* 790 29.8 55.3 123.1 
     
Percent of County Total 1.1% 0.8% 1.0% 1.2% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     39.0    
Property taxes        4.5    



Personal income taxes        0.8    



Corporate profits taxes        0.3    



Social insurance taxes        0.1    



DOGGR Assessment        0.0    



Other taxes        0.9    



Fees, fines and permits        1.6    
TOTAL TAX REVENUES*      47.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-29     
Direct Activity of Oil and Gas Industry 
Humboldt County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               13               0.2  
Mid-stream               42               2.2  
Downstream                -                   -    
Market             511             17.6  
      
Total Direct Activity             565             20.0  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-30
Economic Base
Humboldt County
Payroll Jobs



Agriculture
1,232 
3%



Manufacturing
2,041 
4%



Transportation
904 
2%



Other 
Industries



44,964 
91%



Total Jobs in 2017: 
49,141



Jobs in At-Risk Sectors: 
4,177



Share of Total: 
8.5%



Source: CA EDD;



Exhibit 9-32 (Humboldt)
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Imperial County 
 
 
 



 
 
 
 
 
 



Exhibit 9-35 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Imperial County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  614 16.9 42.0 118.3 
Indirect  120              5.0              8.1              14.9              
Induced 70              2.6              5.4              9.3              
     
TOTAL CONTRIBUTION* 800 24.5 55.5 142.5 
     
Percent of County Total 1.0% 0.6% 0.8% 1.2% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     57.2    
Property taxes        6.2    



Personal income taxes        0.7    



Corporate profits taxes        0.2    



Social insurance taxes        0.1    



DOGGR Assessment          -      



Other taxes        1.2    



Fees, fines and permits        2.1    
TOTAL TAX REVENUES*      67.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-33     
Direct Activity of Oil and Gas Industry 
Imperial County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               25               2.2  
Mid-stream               84               5.5  
Downstream                -                   -    
Market             505             15.5  
      
Total Direct Activity             614             23.1  
Source: QCEW; Estimates by LAEDC   



Government 
18,269 
29.1%



Trade,transp,utilities
12,570 
20.0%



Nat resources and ag
11,784 
18.7%



Educ.&Health
7,910 



12.6%



Leisure
4,356 
6.9%



Prof. activities
2,539 
4.0%



Manuf
1,405 
2.2%



Construction
1,381 
2.2%Finance



1,264 
2.0%



Other
1,389 
2.2%



Total Jobs in 2017: 
62,867



Oil and Gas Jobs: 
614



Share of Total: 
1.0%



Source: BLS



Exhibit 9-34
Economic Base
Imperial County
Payroll Jobs



Agriculture
11,389 
18%



Manufacturing
1,391 
2%



Transportation
2,160 
4%



Other 
Industries



47,927 
76%



Total Jobs in 2017: 
62,867



Jobs in At-Risk Sectors: 
14,940



Share of Total: 
23.8%



Source: CA EDD; IMPLAN



Exhibit 9-36 (Imperial)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs











California’s Oil and Gas Industry in 2017  Backward and Forward Linkages 



90    Institute for Applied Economics  



 



Kern County 
 



 
 
 
 
 
 
 



Exhibit 9-39 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Kern County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  14,213 1,116.7 2,784.7 7,781.4 
Indirect  4,280              255.5              376.5              645.2              
Induced 5,400                          233.4 445.3              740.2              
     
TOTAL CONTRIBUTION* 23,900 1,605.7 3,606.6 9,166.8 
     
Percent of County Total 5.9% 6.7% 9.5% 14.3% 
Percent of Total CA Contribution 6.5% 6.1% 6.1% 6.0% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   391.8    
Property taxes   331.3    



Personal income taxes     46.1    



Corporate profits taxes     22.3    



Social insurance taxes        8.0    



DOGGR Assessment     68.1    



Other taxes     22.8    



Fees, fines and permits     34.5    
TOTAL TAX REVENUES*    925.0    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-37     
Direct Activity of Oil and Gas Industry 
Kern County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream          7,375           694.6  
Mid-stream          3,012           188.2  
Downstream             795             95.7  
Market          3,031           105.2  
      
Total Direct Activity        14,213        1,083.7  
Source: QCEW; Estimates by LAEDC   



Agricultur
e



61,715 
19%



Manufacturing
13,294 



4%



Transportation
8,782 
3%



Other 
Industries



232,871 
74%



Total Jobs in 2017: 
316,662



Jobs in At-Risk Sectors: 
83,791



Share of Total: 
26.5%



Source: CA EDD; IMPLAN



Exhibit 9-40 (Kern)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs



Nat resources and ag
69,672 
22.0%



Government 
63,617 
20.1%



Trade,transp,utilities
50,993 
16.1%



Educ.&Health
35,218 
11.1%



Prof. activities
25,863 
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25,654 …



Construction
14,827 
4.7%



Manuf
13,284 
4.2%



Finance
8,148 
2.6%
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9,386 
3.0%



Total Jobs in 2017: 
316,662



Oil and Gas Jobs: 
14,213



Share of Total: 
4.5%



Source: BLS



Exhibit 9-38
Economic Base
Kern County
Payroll Jobs
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Exhibit 9-43 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Kings County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  299 12.0 22.3 45.3 
Indirect  40              1.6              2.9              4.9              
Induced 40              1.6                           3.4 5.9              
     
TOTAL CONTRIBUTION* 370 15.2 28.7 56.0 
     
Percent of County Total 0.6% 0.4% 0.4% 0.4% 
Percent of Total CA Contribution 0.1% 0.1% 0.05% 0.04% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     36.7    
Property taxes        3.1    



Personal income taxes        0.4    



Corporate profits taxes        0.2    



Social insurance taxes        0.1    



DOGGR Assessment        0.1    



Other taxes        0.6    



Fees, fines and permits        1.7    
TOTAL TAX REVENUES*      42.8    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-41     
Direct Activity of Oil and Gas Industry 
Kings County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 1               0.1  
Mid-stream               27               1.6  
Downstream                -                   -    
Market             272             10.3  
      
Total Direct Activity       299      12.0 
Source: QCEW; Estimates by LAEDC   



Government 
14,531 
31.0%



Nat resources and ag
7,760 



16.6%



Trade,transp,utilities
6,324 



13.5%



Educ.&Health
6,254 



13.3% Manuf
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7.0%
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2.6%
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Construction
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Other
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Total Jobs in 2017: 
46,872



Oil and Gas Jobs: 
299



Share of Total: 
0.6%



Source: BLS



Exhibit 9-42
Economic Base
Kings County
Payroll Jobs



Agricultur
e



7,766 
17%



Manufacturing
4,838 
10%



Transportation
1,296 
3%



Other 
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32,972 
70%



Total Jobs in 2017: 
46,872



Jobs in At-Risk Sectors: 
13,900



Share of Total: 
29.7%



Source: CA EDD



Exhibit 9-44 (Kings)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Los Angeles County 
 



 
 
 
 
 
 



Exhibit 9-47 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Los Angeles County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   31,077  2,334.3 10,254.4 38,884.6 
Indirect   27,250  1,942.6              3,042.9              4,872.6              
Induced  19,220             1,048.9 1,886.5              2,980.6              



     
TOTAL CONTRIBUTION* 77,550 5,325.8 15,183.8 46,737.8 
     
Percent of County Total 1.2% 1.2% 2.0% 3.9% 
Percent of Total CA Contribution 21.2% 20.4% 25.6% 30.7% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  2,718.4    
Property taxes  623.2    



Personal income taxes  159.2    



Corporate profits taxes  101.1    



Social insurance taxes  25.2    



DOGGR Assessment  10.5    



Other taxes  148.4    



Fees, fines and permits  129.8    
TOTAL TAX REVENUES*   3,915.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-45     
Direct Activity of Oil and Gas Industry 
Los Angeles County     
      



Industry Group  Employment  
Labor Income 



 ($ millions) 
Upstream          2,860           243.8  
Mid-stream          4,384           417.1  
Downstream          5,116           713.8  
Market        18,718           959.6  
      
Total Direct Activity        31,077       2,334.3  
Source: QCEW; Estimates by LAEDC   



Trade,transp,utilities
828,827 
18.9%



Educ.&Health
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17.7%
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Total Jobs in 2017: 
4,381,837



Oil and Gas Jobs: 
31,077



Share of Total: 
0.7%



Source: BLS



Exhibit 9-46
Economic Base
Los Angeles County
Payroll Jobs
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Manufacturing
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Transportation
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Other 
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3,857,445 



88%



Total Jobs in 2017: 
4,381,837



Jobs in At-Risk Sectors: 
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Share of Total: 
12.0%



Source: CA EDD



Exhibit 9-48 (Los Angeles)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Exhibit 9-51 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Madera County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  515 16.0 35.8 87.7 
Indirect  90              3.7              6.1              11.4              
Induced 60              2.8              5.4              9.4              
     
TOTAL CONTRIBUTION* 670 22.6 47.4 108.5 
     
Percent of County Total 1.0% 0.6% 0.8% 1.1% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     54.9    
Property taxes        5.4    



Personal income taxes        0.7    



Corporate profits taxes        0.1    



Social insurance taxes        0.1    



DOGGR Assessment        0.0    



Other taxes        1.4    



Fees, fines and permits        2.6    
TOTAL TAX REVENUES*      65.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-49     
Direct Activity of Oil and Gas Industry 
Madera County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 8               0.3  
Mid-stream               69               6.0  
Downstream                -                   -    
Market             438             14.7  
      
Total Direct Activity             515             21.0  
Source: QCEW; Estimates by LAEDC   
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Total Jobs in 2017: 
48,930



Oil and Gas Jobs: 
515



Share of Total: 
1.1%



Source: BLS



Exhibit 9-50
Economic Base
Madera County
Payroll Jobs
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Other 
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32,874 
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Total Jobs in 2017: 
48,930



Jobs in At-Risk Sectors: 
16,056



Share of Total: 
32.8%



Source: CA EDD; IMPLAN



Exhibit 9-52 (Madera)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Marin County 
 



 
 
 
 
 
 



Exhibit 9-55 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Marin County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  398 24.4 49.2 122.4 
Indirect  80              5.8              9.1              13.7              
Induced 90              5.0              8.8              13.4              
     
TOTAL CONTRIBUTION* 560 35.1 67.1 149.5 
     
Percent of County Total 0.3% 0.2% 0.3% 0.4% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     55.8    
Property taxes        4.3    



Personal income taxes        1.1    



Corporate profits taxes        0.2    



Social insurance taxes        0.2    



DOGGR Assessment          -      



Other taxes        1.2    



Fees, fines and permits        2.5    
TOTAL TAX REVENUES*      65.4    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-53     
Direct Activity of Oil and Gas Industry 
Marin County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               26               7.5  
Mid-stream               10               1.0  
Downstream                -                   -    
Market             362             15.9  
      
Total Direct Activity             398             24.4  
Source: QCEW; Estimates by LAEDC   
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Total Jobs in 2017: 
115,433



Oil and Gas Jobs: 
398



Share of Total: 
0.3%



Source: BLS



Exhibit 9-54
Economic Base
Marin County
Payroll Jobs
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Transportation
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Other 
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Total Jobs in 2017: 
115,433



Jobs in At-Risk Sectors: 
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Share of Total: 
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Source: CA EDD; IMPLAN



Exhibit 9-56 (Marin)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Exhibit 9-59 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Mendocino County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  629 39.0 78.8 168.3 
Indirect  210              9.1              14.9              26.6              
Induced 190              7.8              15.4              26.0              
     
TOTAL CONTRIBUTION* 1,030 55.9 109.1 220.8 
     
Percent of County Total 2.1% 2.4% 3.0% 3.4% 
Percent of Total CA Contribution 0.3% 0.2% 0.2% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     34.5    
Property taxes     10.1    



Personal income taxes        1.6    



Corporate profits taxes        0.3    



Social insurance taxes        0.3    



DOGGR Assessment          -      



Other taxes        1.7    



Fees, fines and permits        1.6    
TOTAL TAX REVENUES*      50.1    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-57     
Direct Activity of Oil and Gas Industry 
Mendocino County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                -                   -    
Mid-stream             203             11.1  
Downstream                -                   -    
Market             427             27.6  
      
Total Direct Activity             629            38.7  
Source: QCEW; Estimates by LAEDC   
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Total Jobs in 2017: 
32,198



Oil and Gas Jobs: 
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Share of Total: 
2.0%



Source: BLS



Exhibit 9-58
Economic Base
Mendocino County
Payroll Jobs
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Exhibit 9-60 (Mendocino)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Exhibit 9-61     
Direct Activity of Oil and Gas Industry 
Merced County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream 3 0.0 
Mid-stream 34 2.0 
Downstream - - 
Market 810 22.0 
    
Total Direct Activity 847 24.1 
Source: QCEW; Estimates by LAEDC   



Exhibit 9-63 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Merced County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  847 24.1 43.8 92.4 
Indirect  120              5.8              9.2              16.8              
Induced 100              4.0                           8.0 13.5              
     
TOTAL CONTRIBUTION* 1,070 33.8 61.0 122.7 
     
Percent of County Total 1.0% 0.6% 0.7% 0.7% 
Percent of Total CA Contribution 0.3% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     87.8    
Property taxes        6.0    



Personal income taxes        1.0    



Corporate profits taxes        0.2    



Social insurance taxes        0.2    



DOGGR Assessment          -      



Other taxes        1.3    



Fees, fines and permits        3.8    
TOTAL TAX REVENUES*    100.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 
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Total Jobs in 2017: 
79,375



Oil and Gas Jobs: 
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Share of Total: 
1.1%



Source: BLS



Exhibit 9-62
Economic Base
Merced County
Payroll Jobs
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Exhibit 9-64 (Merced)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Monterey County 
 



 



Exhibit 9-67 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Monterey County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  984 41.6 82.2 168.7 
Indirect  180              10.4              17.2              27.9              
Induced 200                           10.0 18.5              29.4              
     
TOTAL CONTRIBUTION* 1,360 62.0 117.9 225.9 
     
Percent of County Total 0.5% 0.4% 0.5% 0.6% 
Percent of Total CA Contribution 0.4% 0.2% 0.2% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   110.0    
Property taxes        8.7    



Personal income taxes        1.9    



Corporate profits taxes        0.5    



Social insurance taxes        0.3    



DOGGR Assessment        3.8    



Other taxes        1.8    



Fees, fines and permits        5.1    
TOTAL TAX REVENUES*    132.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-65     
Direct Activity of Oil and Gas Industry 
Monterey County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             116             11.3  
Mid-stream             102               8.2  
Downstream                 2               0.1  
Market             763             22.0  
      
Total Direct Activity             984             41.6  
Source: QCEW; Estimates by LAEDC   
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Source: BLS



Exhibit 9-66
Economic Base
Monterey County
Payroll Jobs
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Exhibit 9-68 (Monterey)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Exhibit 9-69     
Direct Activity of Oil and Gas Industry 
Napa County     
      



Industry Group  Employment  
Labor Income 



 ($ millions) 
Upstream                -                   -    
Mid-stream               65               6.5  
Downstream                -                   -    
Market             322             21.1  
      
Total Direct Activity             387             27.6  
Source: QCEW; Estimates by LAEDC   



Exhibit 9-71 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Napa County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  387 27.6 48.9 116.2 
Indirect  120              6.9              11.1              16.7              
Induced 120              5.8              11.1              17.0              
     
TOTAL CONTRIBUTION* 620 40.4 71.0 149.9 
     
Percent of County Total 0.6% 0.6% 0.7% 0.8% 
Percent of Total CA Contribution 0.2% 0.2% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     34.5    
Property taxes        6.5    



Personal income taxes        1.2    



Corporate profits taxes        0.2    



Social insurance taxes        0.2    



DOGGR Assessment          -      



Other taxes        1.0    



Fees, fines and permits        1.5    
TOTAL TAX REVENUES*      45.1    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 
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Exhibit 9-75 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Orange County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct  11,050 679.6 1,241.5 2,943.7 
Indirect  3,310              233.5              389.3              592.8              
Induced 4,430                           238.4 441.5              692.1              
     
TOTAL CONTRIBUTION* 18,790 1,151.5 2,072.3 4,228.6 
     
Percent of County Total 0.8% 0.8% 0.8% 1.0% 
Percent of Total CA Contribution 5.1% 4.4% 3.5% 2.8% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  832.2    
Property taxes  103.9    



Personal income taxes  34.5    



Corporate profits taxes  10.0    



Social insurance taxes  5.7    



DOGGR Assessment  2.1    



Other taxes  20.4    



Fees, fines and permits  36.0    
TOTAL TAX REVENUES*   1,044.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-73     
Direct Activity of Oil and Gas Industry 
Orange County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream          1,306             89.4  
Mid-stream          3,963           363.2  
Downstream             122             15.8  
Market          5,660           211.2  
      
Total Direct Activity        11,050          679.6  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-77     
Direct Activity of Oil and Gas Industry 
Placer County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               83               7.5  
Mid-stream             187             12.7  
Downstream               15               1.6  
Market             852             35.4  
      
Total Direct Activity          1,137             57.3  
Source: QCEW; Estimates by LAEDC   



Exhibit 9-79 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Placer County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct               1,137           57.3                119.9                 303.6  
Indirect                  380                 22.1                 37.1                  59.6  
Induced                 400                 19.2                 36.5                    58.9  
     
TOTAL CONTRIBUTION*              1,910                 98.6   193.4                  422.1  
     
Percent of County Total 0.8% 0.7% 0.9% 1.2% 
Percent of Total CA Contribution 0.5% 0.4% 0.3% 0.3% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   123.8    
Property taxes     14.8    



Personal income taxes        2.9    



Corporate profits taxes        0.8    



Social insurance taxes        0.5    



DOGGR Assessment          -      



Other taxes        2.8    



Fees, fines and permits        5.4    
TOTAL TAX REVENUES*    150.9    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 
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Exhibit 9-81     
Direct Activity of Oil and Gas Industry 
Riverside County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               74               3.2  
Mid-stream             932             69.2  
Downstream             201             15.8  
Market          4,803           152.0  
      
Total Direct Activity          6,009           240.2  
Source: QCEW; Estimates by LAEDC   



Exhibit 9-83 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Riverside County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct                  6,009       240.2  513.2              1,192.7  
Indirect                  1,640                71.4            120.7               208.9  
Induced                 1,450                 56.6              113.3           192.4  
     
TOTAL CONTRIBUTION*            9,100     368.3           747.2              1,594.0  
     
Percent of County Total 0.9% 0.7% 0.9% 1.1% 
Percent of Total CA Contribution 2.5% 1.4% 1.3% 1.0% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes    666.6    
Property taxes      58.1    



Personal income taxes        9.9    



Corporate profits taxes        3.4    



Social insurance taxes        1.8    



DOGGR Assessment           -      



Other taxes        9.3    



Fees, fines and permits      30.1    
TOTAL TAX REVENUES*     779.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



Trade,transp,utilities
157,715 
22.1%



Government 
128,496 
18.0%



Educ.&Health
101,360 
14.2%



Leisure
91,060 
12.8%



Prof. 
activities



66,550 
9.3%



Construction
62,228 
8.7%



Manuf
42,917 
6.0%



Other services
22,249 
3.1%



Finance
21,819 
3.1%



Other
18,788 
2.6%



Total Jobs in 2017: 
713,182



Oil and Gas Jobs: 
6,009



Share of Total: 
0.8%



Source: BLS



Exhibit 9-82
Economic Base
Riverside County
Payroll Jobs



Agriculture
12,282 



2%



Manufacturing
42,853 



6%



Transportation
39,894 



5%
Other 



Industries
618,153 



87%



Total Jobs in 2017: 
713,182



Jobs in At-Risk Sectors: 
95,029



Share of Total: 
13.3%



Source: CA EDD



Exhibit 9-84 (Riverside)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs











California’s Oil and Gas Industry in 2017  Backward and Forward Linkages 



102    Institute for Applied Economics  



 



Sacramento County 
 



 
 
 
 
 
 



Exhibit 9-87 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Sacramento County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   3,306   172.4   410.1   1,275.4  
Indirect   1,340   82.6   132.2   216.7  
Induced  1,200   60.5   113.3   182.4  



 
   



 
TOTAL CONTRIBUTION*  5,840   315.6   655.5   1,674.5  
     
Percent of County Total 0.7% 0.5% 0.8% 1.3% 
Percent of Total CA Contribution 1.6% 1.2% 1.1% 1.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   370.7    
Property taxes     36.2    



Personal income taxes        9.0    



Corporate profits taxes        3.5    



Social insurance taxes        1.5    



DOGGR Assessment        0.2    



Other taxes        8.8    



Fees, fines and permits     17.3    
TOTAL TAX REVENUES*    447.0    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-85     
Direct Activity of Oil and Gas Industry 
Sacramento County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             143             11.7  
Mid-stream             559             51.7  
Downstream             105             12.7  
Market          2,499             96.4  
      
Total Direct Activity          3,306           172.4  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-91 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Bernardino County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   6,993   279.9   588.4   1,488.3  
Indirect   1,790   79.8   132.3   222.2  
Induced  1,610   65.8   125.1   208.7  



 
   



 
TOTAL CONTRIBUTION*  10,390   425.5   845.8   1,919.2  
     
Percent of County Total 1.0% 0.8% 1.0% 1.3% 
Percent of Total CA Contribution 2.8% 1.6% 1.4% 1.3% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes    728.8    
Property taxes      77.5    



Personal income taxes      12.2    



Corporate profits taxes        3.3    



Social insurance taxes        2.1    



DOGGR Assessment        0.0    



Other taxes      14.0    



Fees, fines and permits      29.6    
TOTAL TAX REVENUES*     867.5    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-89     
Direct Activity of Oil and Gas Industry 
San Bernardino 
County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             243             10.9  
Mid-stream             837             66.6  
Downstream               32               3.7  
Market          5,881           198.8  
      
Total Direct Activity          6,993           279.9  
Source: QCEW; Estimates by LAEDC   Trade,transp,utilities
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Exhibit 9-72 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Diego County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   10,097   739.8   1,517.5   3,859.5  
Indirect   5,260   333.5   540.3   834.8  
Induced  5,550   272.2   513.3   825.6  



 
   



 
TOTAL CONTRIBUTION*  20,900   1,345.5   2,571.0   5,519.9  
     
Percent of County Total 1.0% 1.0% 1.1% 1.5% 
Percent of Total CA Contribution 5.7% 5.1% 4.3% 3.6% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes  946.7    
Property taxes  219.5    



Personal income taxes  40.2    



Corporate profits taxes  8.9    



Social insurance taxes  6.6    



DOGGR Assessment  -      



Other taxes  38.4    



Fees, fines and permits  39.9    
TOTAL TAX REVENUES*   1,300.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-93     
Direct Activity of Oil and Gas Industry 
San Diego County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               47               3.3  
Mid-stream             609             44.5  
Downstream               82               7.2  
Market          9,359           684.8  
      
Total Direct Activity        10,097           739.7  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-99 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Francisco County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,589   203.9   367.3   981.9  
Indirect   550   73.3   114.3   146.8  
Induced  460   36.8   64.5   91.1  



 
   



 
TOTAL CONTRIBUTION*  2,600  314.0   546.1   1,219.9  
     
Percent of County Total 0.3% 0.3% 0.3% 0.5% 
Percent of Total CA Contribution 0.7% 1.2% 0.9% 0.8% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   180.8    
Property taxes     75.6    



Personal income taxes     22.8    



Corporate profits taxes        4.4    



Social insurance taxes        2.5    



DOGGR Assessment          -      



Other taxes     48.7    



Fees, fines and permits        6.3    
TOTAL TAX REVENUES*    341.1    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-97     
Direct Activity of Oil and Gas Industry 
San Francisco County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 3               0.6  
Mid-stream               12               0.5  
Downstream                 3               0.7  
Market          1,570           202.2  
      
Total Direct Activity          1,589          203.9  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-103 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Joaquin County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,981   90.5   176.5   381.6  
Indirect   490   22.9   38.3   64.1  
Induced  450   19.6   37.8   61.3  



 
   



 
TOTAL CONTRIBUTION*  2,920   133.1   252.6   507.0  
     
Percent of County Total 0.9% 0.7% 0.9% 1.0% 
Percent of Total CA Contribution 0.8% 0.5% 0.4% 0.3% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   267.6    
Property taxes     21.2    



Personal income taxes        3.9    



Corporate profits taxes        1.1    



Social insurance taxes        0.6    



DOGGR Assessment        0.1    



Other taxes        4.8    



Fees, fines and permits     12.0    
TOTAL TAX REVENUES*    311.4    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-101     
Direct Activity of Oil and Gas Industry 
San Joaquin County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               53               6.6  
Mid-stream             311             24.2  
Downstream                -                   -    
Market          1,618             59.7  
      
Total Direct Activity          1,981            90.5  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-107 
Total Economic and Fiscal Contribution of Oil and Gas Industry 
San Luis Obispo County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,298   70.0   181.1   620.9  
Indirect   520  25.8   41.3   72.7  
Induced  420   17.7   34.4   56.8  



 
   



 
TOTAL CONTRIBUTION*  2,240   113.5   256.9   750.4  
     
Percent of County Total 1.3% 1.3% 1.7% 2.9% 
Percent of Total CA Contribution 0.6% 0.4% 0.4% 0.5% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     97.5    
Property taxes     15.9    



Personal income taxes        3.0    



Corporate profits taxes        1.2    



Social insurance taxes        0.5    



DOGGR Assessment        0.3    



Other taxes        2.2    



Fees, fines and permits        3.9    
TOTAL TAX REVENUES*    124.5    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-105     
Direct Activity of Oil and Gas Industry 
San Luis Obispo County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             379             23.1  
Mid-stream             237             11.9  
Downstream               46               7.9  
Market             637             27.1  
      
Total Direct Activity          1,298            70.0  
Source: QCEW; Estimates by LAEDC   
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1.1%



Source: BLS
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Exhibit 9-111 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
San Mateo County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,417   67.0   306.7   1,179.8  
Indirect   520   51.8   78.4   112.4  
Induced  250   17.7   31.4   45.7  



 
   



 
TOTAL CONTRIBUTION*  2,190   136.6   416.5   1,337.9  
     
Percent of County Total 0.4% 0.2% 0.4% 0.8% 
Percent of Total CA Contribution 0.6% 0.5% 0.7% 0.9% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   185.3    
Property taxes     17.2    



Personal income taxes        4.0    



Corporate profits taxes        3.2    



Social insurance taxes        0.6    



DOGGR Assessment        0.0    



Other taxes        4.0    



Fees, fines and permits        7.5    
TOTAL TAX REVENUES*    221.9    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-109     
Direct Activity of Oil and Gas Industry 
San Mateo County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               75               2.6  
Mid-stream               28               3.1  
Downstream             133             22.7  
Market          1,253             41.2  
      
Total Direct Activity          1,417             69.5  
Source: QCEW; Estimates by LAEDC   
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Source: BLS
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Santa Barbara County 
 



 
 
 



Exhibit 9-115 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Santa Barbara County 2015 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,622   115.3   293.9   640.8  
Indirect   430   27.6   42.2   69.2  
Induced  610   31.5   56.0   89.4  



 
   



 
TOTAL CONTRIBUTION*  2,670   174.4   392.0   799.3  
     
Percent of County Total 1.0% 1.0% 1.5% 1.8% 
Percent of Total CA Contribution 0.7% 0.7% 0.7% 0.5% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   112.5    
Property taxes     19.6    



Personal income taxes        5.1    



Corporate profits taxes        1.9    



Social insurance taxes        0.8    



DOGGR Assessment        1.9    



Other taxes        3.7    



Fees, fines and permits        5.0    
TOTAL TAX REVENUES*    150.6    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-113     
Direct Activity of Oil and Gas Industry 
Santa Barbara 
County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             748               73.4  
Mid-stream               66                 5.7  
Downstream               26                 1.8  
Market             781               34.4  
      
Total Direct Activity          1,622             115.3  
Source: QCEW; Estimates by LAEDC   
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Economic Base
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Santa Clara County 
 
 



 
 
 
 
 
 



Exhibit 9-119 
Backward Linkages: Total Economic and Fiscal Contribution of Oil and 
Gas Industry 
Santa Clara County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   4,177   265.6   528.4   1,286.8  
Indirect   1,160   115.7   182.4   250.0  
Induced  830   56.7   102.9   149.6  



 
   



 
TOTAL CONTRIBUTION*  6,170   438.1   813.7   1,686.4  
     
Percent of County Total 0.4% 0.2% 0.3% 0.4% 
Percent of Total CA Contribution 1.7% 1.7% 1.4% 1.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   421.6    
Property taxes     66.4    



Personal income taxes     11.3    



Corporate profits taxes        3.0    



Social insurance taxes        2.2    



DOGGR Assessment        0.0    



Other taxes     15.2    



Fees, fines and permits     16.9    
TOTAL TAX REVENUES*    536.6    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-117     
Direct Activity of Oil and Gas Industry 
Santa Clara County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             268             16.2  
Mid-stream             425             32.6  
Downstream                 4               0.1  
Market          3,480           215.4  
      
Total Direct Activity          4,177           264.3  
Source: QCEW; Estimates by LAEDC   
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Source: BLS
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Economic Base
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Payroll Jobs
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Shasta County 
 



 
 
 
 
 
 



Exhibit 9-123 
Backward Linkages: Total Economic and Fiscal Contribution of Oil and 
Gas Industry 
Shasta County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   779   22.0   43.8   94.7  
Indirect   150  6.8   10.8   19.0  
Induced  150   6.4   11.4   19.1  



 
   



 
TOTAL CONTRIBUTION*  1,070   35.2   66.0   132.8  
     
Percent of County Total 1.2% 0.8% 0.9% 1.1% 
Percent of Total CA Contribution 0.3% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     67.8    
Property taxes        5.7    



Personal income taxes        1.0    



Corporate profits taxes        0.1    



Social insurance taxes        0.2    



DOGGR Assessment          -      



Other taxes        1.1    



Fees, fines and permits        2.5    
TOTAL TAX REVENUES*      78.4    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-121     
Direct Activity of Oil and Gas Industry 
Shasta County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 4               1.0  
Mid-stream             114               5.9  
Downstream                -                   -    
Market             661             15.2  
      
Total Direct Activity             779             22.0  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-122
Economic Base
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Payroll Jobs
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Exhibit 9-127 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Solano County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   2,387   193.3   920.2   3,200.7  
Indirect   1,200  69.0   109.6   182.3  
Induced  900   37.6   78.1   124.8  



 
   



 
TOTAL CONTRIBUTION*  4,490   300.0   1,107.9   3,507.9  
     
Percent of County Total 2.3% 2.4% 4.5% 8.6% 
Percent of Total CA Contribution 1.2% 1.1% 1.9% 2.3% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes   157.1    
Property taxes     39.8    



Personal income taxes        8.4    



Corporate profits taxes        8.3    



Social insurance taxes        1.5    



DOGGR Assessment        0.1    



Other taxes        9.0    



Fees, fines and permits        7.1    
TOTAL TAX REVENUES*    231.2    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-125     
Direct Activity of Oil and Gas Industry 
Solano County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             246             20.6  
Mid-stream             261             21.4  
Downstream             406             68.8  
Market          1,474             82.4  
      
Total Direct Activity          2,387           193.3  
Source: QCEW; Estimates by LAEDC   



Trade,transp,utilities
27,079 
19.6%



Educ.&Health
25,567 
18.5%



Government 
25,085 
18.1%



Leisure
15,179 
11.0%



Manuf
12,224 
8.8%



Construction
10,443 
7.5%



Prof. activities
10,334 
7.5%



Finance
5,074 
3.7%



Other services
4,170 
3.0%



Other
3,217 
2.3%



Total Jobs in 2017: 
138,372



Oil and Gas Jobs: 
2,387



Share of Total: 
1.7%



Source: BLS



Exhibit 9-126
Economic Base
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Sonoma County 
 
 
 



 
 
 
 
 
 



Exhibit 9-131 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Sonoma County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,019   37.7   74.4   223.9  
Indirect   260   15.0   25.3   40.4  
Induced  240   11.7   21.8   35.0  



 
   



 
TOTAL CONTRIBUTION*  1,520   64.3   121.5   299.3  
     
Percent of County Total 0.5% 0.4% 0.4% 0.6% 
Percent of Total CA Contribution 0.4% 0.2% 0.2% 0.2% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes    158.9    
Property taxes      11.7    



Personal income taxes        2.1    



Corporate profits taxes        0.4    



Social insurance taxes        0.2    



DOGGR Assessment           -      



Other taxes        2.4    



Fees, fines and permits        6.7    
TOTAL TAX REVENUES*     182.3    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-129     
Direct Activity of Oil and Gas Industry 
Sonoma County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               18               1.3  
Mid-stream               55               3.7  
Downstream                 9               0.6  
Market             937             32.6  
      
Total Direct Activity          1,019             38.2  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-130
Economic Base
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Payroll Jobs
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Stanislaus County 
 



 
 
 
 
 
 



Exhibit 9-135 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Stanislaus County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,349   54.3   138.0   446.1  
Indirect   420  20.3   33.8   58.1  
Induced  330   14.5   26.6   43.5  



 
   



 
TOTAL CONTRIBUTION*  2,100   89.1   198.4   547.7  
     
Percent of County Total 0.8% 0.6% 0.9% 1.3% 
Percent of Total CA Contribution 0.6% 0.3% 0.3% 0.4% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     39.8    
Property taxes     12.3    



Personal income taxes        2.7    



Corporate profits taxes        1.0    



Social insurance taxes        0.4    



DOGGR Assessment        0.0    



Other taxes        3.3    



Fees, fines and permits        2.2    
TOTAL TAX REVENUES*      61.8    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-133     
Direct Activity of Oil and Gas Industry 
Stanislaus County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               16               0.3  
Mid-stream             274             15.7  
Downstream               41               4.4  
Market          1,019             33.9  
      
Total Direct Activity          1,349             54.3  
Source: QCEW; Estimates by LAEDC   
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Sutter County 
 



 
 
 



Exhibit 9-139 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Sutter County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   427   21.4   43.9   80.0  
Indirect   70   3.3   6.0   10.3  
Induced  100   4.3   8.6   14.1  



 
   



 
TOTAL CONTRIBUTION*  600   29.0   58.5   104.4  
     
Percent of County Total 1.4% 1.4% 1.7% 1.7% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     38.6    
Property taxes        2.3    



Personal income taxes        0.8    



Corporate profits taxes        0.3    



Social insurance taxes        0.1    



DOGGR Assessment        0.2    



Other taxes        0.7    



Fees, fines and permits        1.6    
TOTAL TAX REVENUES*      44.7    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-137     
Direct Activity of Oil and Gas Industry 
Sutter County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               79               7.3  
Mid-stream             144               9.3  
Downstream                -                   -    
Market             205               4.9  
      
Total Direct Activity             427             21.4  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-143 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Tehama County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   461   21.3   41.5   90.6  
Indirect   90   3.7   5.6   10.2  
Induced  70   2.9   6.0   10.1  



 
   



 
TOTAL CONTRIBUTION*  620   27.9   53.1   110.8  
     
Percent of County Total 2.5% 2.2% 2.8% 3.2% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes        8.8    
Property taxes        5.2    



Personal income taxes        0.8    



Corporate profits taxes        0.2    



Social insurance taxes        0.1    



DOGGR Assessment        0.0    



Other taxes        1.1    



Fees, fines and permits        0.3    
TOTAL TAX REVENUES*      16.6    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-141     
Direct Activity of Oil and Gas Industry 
Tehama County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                 4               0.3  
Mid-stream               14               0.6  
Downstream                -                   -    
Market             443             20.3  
      
Total Direct Activity             461             21.3  
Source: QCEW; Estimates by LAEDC   
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Exhibit 9-147 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Tulare County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   1,347   58.1   113.1   245.5  
Indirect   330   14.9   24.2   41.5  
Induced  250   9.8   19.7   33.5  



 
   



 
TOTAL CONTRIBUTION*  1,930   82.8   157.1   320.4  
     
Percent of County Total 0.9% 0.8% 0.9% 1.0% 
Percent of Total CA Contribution 0.5% 0.3% 0.3% 0.2% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     33.2    
Property taxes     13.6    



Personal income taxes        2.5    



Corporate profits taxes        0.6    



Social insurance taxes        0.4    



DOGGR Assessment        0.0    



Other taxes        3.4    



Fees, fines and permits        1.7    
TOTAL TAX REVENUES*      55.4    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-145     
Direct Activity of Oil and Gas Industry 
Tulare County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               36               2.0  
Mid-stream             243             19.9  
Downstream                -                   -    
Market          1,068             34.8  
      
Total Direct Activity          1,347            56.6  
Source: QCEW; Estimates by LAEDC   



Nat resources and ag
38,593 
23.8%



Government 
31,705 
19.6%



Trade,transp,utilities
27,245 
16.8%



Educ.&Health
14,584 
9.0%



Manuf
12,721 
7.8%



Prof. activities
11,845 
7.3%



Leisure
11,498 
7.1%



Construction
5,504 
3.4%



Finance
4,034 
2.5%



Other
4,341 
2.7%



Total Jobs in 2017: 
162,070



Oil and Gas Jobs: 
1,347



Share of Total: 
0.8%



Source: BLS



Exhibit 9-146
Economic Base
Tulare County
Payroll Jobs



Agriculture
38,493 
24%



Manufacturing
12,728 



8%



Transportation
6,324 
4%



Other 
Industries



104,525 
64%



Total Jobs in 2017: 
162,070



Jobs in At-Risk Sectors: 
57,545



Share of Total: 
35.5%



Source: CA EDD



Exhibit 9-148 (Tulare)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Ventura County 
 



 
 
 
 
 
 



Exhibit 9-152 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Ventura County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   2,505   149.6   367.1   760.2  
Indirect   670   38.2   61.6   100.9  
Induced  840   38.4   73.8   121.2  



 
   



 
TOTAL CONTRIBUTION*  4,010   226.2   502.6   982.4  
     
Percent of County Total 0.9% 0.8% 1.1% 1.3% 
Percent of Total CA Contribution 1.1% 0.9% 0.8% 0.6% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes      99.4    
Property taxes      78.4    



Personal income taxes        6.7    



Corporate profits taxes        2.8    



Social insurance taxes        1.1    



DOGGR Assessment        3.8    



Other taxes        5.0    



Fees, fines and permits        4.7    
TOTAL TAX REVENUES*     201.9    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-149     
Direct Activity of Oil and Gas Industry 
Ventura County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream             906             81.9  
Mid-stream             191             11.5  
Downstream                 9               0.8  
Market          1,399             55.4  
      
Total Direct Activity          2,505           149.6  
Source: QCEW; Estimates by LAEDC   



Trade,transp,utilities
59,110 
18.3%



Government 
44,835 
13.9%



Educ.&Health
43,479 
13.5%



Leisure
36,863 
11.4%



Prof. 
activities



36,738 
11.4%



Manuf
30,050 
9.3% Nat resources and ag



24,564 
7.6%



Finance
16,828 
5.2%
Construction



15,588 
4.8%Other



14,290 
4.4%



Total Jobs in 2017: 
322,345



Oil and Gas Jobs: 
2,505



Share of Total: 
0.8%



Source: BLS



Exhibit 9-150
Economic Base
Ventura County
Payroll Jobs



Agriculture
23,689 



7%



Manufacturing
30,055 



9%



Transportation
5,110 
2%



Other 
Industries



263,491 
82%



Total Jobs in 2017: 
322,345



Jobs in At-Risk Sectors: 
58,854



Share of Total: 
18.3%



Source: CA EDD



Exhibit 9-152 (Ventura)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Yolo County 
 



 
 
 
 
 
 



Exhibit 9-155 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Yolo County 2015 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   538   22.0   38.7   80.8  
Indirect   100   5.7   9.6   15.4  
Induced  80   3.5   7.1   11.2  



 
   



 
TOTAL CONTRIBUTION*  720   31.3   55.4   107.5  
     
Percent of County Total 0.5% 0.3% 0.4% 0.5% 
Percent of Total CA Contribution 0.2% 0.1% 0.1% 0.1% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes     26.4    
Property taxes        4.4    



Personal income taxes        0.8    



Corporate profits taxes        0.2    



Social insurance taxes        0.2    



DOGGR Assessment        0.0    



Other taxes        1.4    



Fees, fines and permits        1.5    
TOTAL TAX REVENUES*      34.8    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



  



Exhibit 9-153     
Direct Activity of Oil and Gas Industry 
Yolo County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream               49               2.8  
Mid-stream               90               7.5  
Downstream                -                   -    
Market             400             11.7  
      
Total Direct Activity             538            22.0  
Source: QCEW; Estimates by LAEDC   



Government 
32,925 
32.3%



Trade,transp,utilities
20,295 
19.9%



Educ.&Health
9,723 
9.5%



Prof. 
activities



9,064 
8.9%



Leisure
7,870 
7.7%



Manuf
6,263 
6.1%



Nat resources and ag
6,186 
6.1%



Construction
3,646 
3.6%



Other services
2,446 
2.4%



Other
3,431 
3.4%



Total Jobs in 2017: 
101,849



Oil and Gas Jobs: 
538



Share of Total: 
0.5%



Source: BLS



Exhibit 9-154
Economic Base
Yolo County
Payroll Jobs



Agriculture
5,679 
6%



Manufacturing
6,256 
6%



Transportation
6,563 
6%



Other 
Industries



83,351 
82%



Total Jobs in 2017: 
101,849



Jobs in At-Risk Sectors: 
18,498



Share of Total: 
18.2%



Source: CA EDD



Exhibit 9-156 (Yolo)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs
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Yuba County 
 



 
 
 
 
 
 



Exhibit 9-159 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Yuba County 2017 



 



  
ECONOMIC CONTRIBUTION Employment Labor Income 



($ millions) 
Value Added 



($ millions) 
Output 



($ millions) 
Direct   240   8.8   17.1   32.6  
Indirect   40  1.5   2.4   4.6  
Induced  30   1.2   2.4   4.1  



 
   



 
TOTAL CONTRIBUTION*  310   11.5   21.9   41.3  
     
Percent of County Total 1.0% 0.6% 0.7% 0.9% 
Percent of Total CA Contribution 0.1% 0.04% 0.04% 0.03% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes        4.5    
Property taxes        2.8    



Personal income taxes        0.3    



Corporate profits taxes        0.1    



Social insurance taxes        0.1    



DOGGR Assessment        0.0    



Other taxes        0.6    



Fees, fines and permits        0.6    
TOTAL TAX REVENUES*         8.9    
    
*  May not sum due to rounding 
Source: Estimates by LAEDC 



   



 
  



Exhibit 9-157     
Direct Activity of Oil and Gas Industry 
Yuba County     
      



Industry Group  Employment  
Labor Income  



($ millions) 
Upstream                -                   -    
Mid-stream               39               1.9  
Downstream                -                   -    
Market             201               6.8  
      
Total Direct Activity             240               8.7  
Source: QCEW; Estimates by LAEDC   Government 



6,377 
36.8%



Educ.&Health
3,356 



19.4%



Trade,transp,utilities
2,280 



13.2%



Leisure
1,467 
8.5%



Prof. 
activities



860 
5.0%



Construction
848 



4.9%
Nat resources and ag



823 
4.8%



Manuf
713 



4.1%
Other
602 



3.5%



Total Jobs in 2017: 
101,849



Oil and Gas Jobs: 
240



Share of Total: 
1.4%



Source: BLS



Exhibit 9-158
Economic Base
Yuba County
Payroll Jobs



Agriculture
747 
4%



Manufacturing
712 
4%



Transportation
294 
2%



Other 
Industries



15,573 
90%



Total Jobs in 2017: 
17,326



Jobs in At-Risk Sectors: 
1,753



Share of Total: 
10..1%



Source: CA EDD



Exhibit 9-160 (Yolo)
Forward Linkages:
Oil & Gas Industry
At-Risk Industry Sectors
Payroll Jobs











Appendix  California’s Oil and Gas Industry in 2017 



  Institute for Applied Economics   A-1 



 



Appendix 
 
Detailed Tables 
 
Oil and Gas Wells and Production by County 
 
The oil and gas production associated with the active wells in California in 2017 by county are displayed in Exhibit A-1 
along with select estimated production-based revenues collected by the state. 



 
Exhibit A-1 



  
  



County Oil & Gas Production   
California 



  
  



              



County 
Total 
Wells Active Idle 



Oil 
Production 
(BBL) 



Gas 
Production 



(MCF) 
Estimated Value 



($ millions) 



Oil Spill 
Prevention and 
Administration 



Fee 
DOGGR 



Assessment 
              
California 81,831 53,120 28,711 174,061,822 162,701,671 $9,346.82 $11,314,018 $95,895,899 
                  
Alameda County 8 6 2 8,715 644  $0.44  $566 $4,423 
Alpine County           
Amador County           
Butte County 27 16 11 



   
    



Calaveras County 
      



    
Colusa County 355 168 187 



 
2,896,306 9.0   145,926 



Contra Costa County 53 22 31 55 81,830 0.3 4 4,151 
Del Norte County 



      
    



El Dorado County 
      



    
Fresno County 3,697 1,984 1,713 7,067,233 513,253 360.6 459,370 3,586,578 
Glenn County 308 200 108 



 
3,282,766 10.2   165,397 



Humboldt County 55 26 29 
 



417,445 1.3   21,032 
Imperial County 



      
    



Inyo County 
      



    
Kern County 60,307 40,480 19,827 123,752,181 114,644,426 6,642.1 8,043,892 68,126,854 
Kings County 346 145 201 116,331 94,504 6.2 7,562 63,373 
Lake County 



      
    



Lassen County 6 
 



6 
   



    
Los Angeles County 5,270 3,359 1,911 19,814,335 9,671,173 1,036.6 1,287,932 10,470,421 
Madera County 32 18 14 



 
407,416 1.3   20,527 



Marin County 
      



    
Mariposa County 



      
    



Mendocino County 
      



    
Merced County 2 



 
2 



   
    



Modoc County 
      



    
Mono County      



 
    



Monterey County 1,103 690 413 7,476,885 1,015,500 383.0 485,998 3,818,280 
Napa County      



 
    



Nevada County      
 



    
Orange County 1,469 948 521 3,942,372 1,834,760 206.0 256,254 2,078,746 
Placer County      



 
    



Plumas County      
 



    
Riverside County      



 
    



Sacramento County 209 90 119 9,543 3,783,160 12.2 620 195,417 
San Benito County 47 19 28 749,700 6,743,776 59.0 48,731 717,500 
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Exhibit A-1 (Cont’d)   
   



County 
Total 
Wells Active Idle 



Oil 
Production 



(BBL) 



Gas 
Production 



(MCF) 
Estimated Value 



($ millions) 



Oil Spill 
Prevention and 
Administration 



Fee 
DOGGR 



Assessment 
         
San Bernardino County 38 18 20 7,865 5,130 0.4 511 4,221 
San Diego County      



 
    



San Francisco County      
 



    
San Joaquin County 230 134 96    1,341,882 4.2   67,609 
San Luis Obispo County 347 216 131 604,308 490,570 32.2 39,280 329,188 
San Mateo County 24 8 16 4   



3 26 
Santa Barbara County 2,216 1,026 1,190 2,363,390 6,180,580 183.7 225,540 1,868,574 
Santa Clara County 18 13 5 17,911 16,261 1.2 1,538 11,970 
Santa Cruz County           
Shasta County           
Sierra County           
Siskiyou County           
Solano County 230 100 130 2,163 12,154,200 5.4 130 86,744 
Sonoma County           
Stanislaus County 2  2      1 
Sutter County 415 213 202  3,021,630 12.6   204,187 
Tehama County 152 92 60  388,085 2.3   37,659 
Trinity County           
Tulare County 87 75 12 26,026  1.4 1,853 14,367 
Tuolumne County      0.0     
Ventura County 3,029 1,236 1,793 6,951,220 4,596,710 375.2 454,230 3,848,556 
Yolo County 78 18 60  1,098,080 0.3 5 4,125 
Yuba County 1 1   31 



 
  44 



Source: CA DOGGR, estimates by LAEDC 
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Gasoline and Diesel Sales by County 
 
The number of fuel stations and the estimated gasoline and diesel sales in California in 2017 by county are displayed in 
Exhibit A-2 along with select estimated retail-based fiscal revenues. 



 
Exhibit A-2 



  
  



County Gasoline and Diesel Sales and Related Taxes   
California 



  
  



              



County 
# of Fuel 
Stations 



Gasoline 
Sales 



(million 
gallons) 



Diesel 
Sales 



(million 
gallons) 



Estimated 
Gasoline and 
Diesel Sales 
($ millions) 



Estimated 
Sales Tax  
($ millions) 



California 
Excise Tax  
($ millions) 



Underground 
Storage Tank Fee 



($ millions)  



Federal 
Excise Tax 
($ millions) 



              
California 10,353 15,584 1,937 $52,295 $4,307.6 $5,023.9 $350.4 $3,340.1 
          
Alameda County 378 583 58 $1,916 $177.3 $182.8 $12.8 $121.4 
Alpine County   0 0 0 0.0 0.0 0.0 0.0 
Amador County 25 15 2 51 3.9 4.9 0.3 3.2 
Butte County 99 87 13 298 21.6 28.8 2.0 19.2 
Calaveras County 28 15 3 53 3.9 5.2 0.4 3.5 
Colusa County 20 12 3 44 3.4 4.4 0.3 2.9 
Contra Costa County 281 430 28 1,373 113.2 129.5 9.2 86.0 
Del Norte County 13 7 2 27 2.0 2.7 0.2 1.8 
El Dorado County 78 82 10 275 19.9 26.4 1.8 17.5 
Fresno County 341 367 45 1,230 98.1 118.1 8.2 78.5 
Glenn County 23 18 19 107 7.7 11.8 0.7 7.9 
Humboldt County 74 55 9 191 14.8 18.5 1.3 12.3 
Imperial County 78 83 12 283 21.9 27.4 1.9 18.2 
Inyo County 21 18 4 65 5.1 6.4 0.4 4.3 
Kern County 356 390 121 1,509 109.4 151.6 10.2 101.3 
Kings County 58 60 7 200 14.5 19.2 1.3 12.7 
Lake County 38 21 3 72 5.2 6.9 0.5 4.6 
Lassen County 20 6 1 21 1.5 2.0 0.1 1.3 
Los Angeles County 2,076 3,659 301 11,853 1126.1 1124.7 79.2 746.7 
Madera County 70 62 33 278 21.5 29.0 1.9 19.5 
Marin County 61 101 4 315 26.0 29.5 2.1 19.6 
Mariposa County 19 6 1 21 1.6 2.0 0.1 1.3 
Mendocino County 51 38 6 131 10.3 12.7 0.9 8.5 
Merced County 106 117 42 468 36.3 0.0 3.2 31.8 
Modoc County   0 0 0 0.0 0.0 0.0 0.0 
Mono County 18 5 1 18 1.3 1.7 0.1 1.2 
Monterey County 140 174 27 599 46.4 58.0 4.0 38.6 
Napa County 37 53 7 179 13.9 17.2 1.2 11.5 
Nevada County 44 39 9 142 10.7 14.1 1.0 9.4 
Orange County 674 1,382 61 4,331 335.7 406.0 28.9 269.2 
Placer County 131 203 17 658 47.7 62.5 4.4 41.5 
Plumas County 21 6 2 24 1.7 2.4 0.2 1.6 
Riverside County 572 1,052 148 3,578 277.3 345.3 24.0 229.7 
Sacramento County 384 599 48 1,937 150.1 183.7 12.9 121.9 
San Benito County 16 20 0 60 5.0 5.6 0.4 3.7 
San Bernardino County 613 993 265 3,723 288.6 370.7 25.2 247.4 
San Diego County 779 1,377 103 4,432 343.5 419.6 29.6 278.5 
San Francisco County 93 134 6 420 35.7 39.4 2.8 26.1 
San Joaquin County 238 347 126 1,393 108.0 141.4 9.5 94.6 
San Luis Obispo County 107 142 21 486 35.2 47.0 3.3 31.3 
San Mateo County 196 326 17 1,029 90.0 96.7 6.9 64.1 
Santa Barbara County 125 170 19 565 43.8 54.0 3.8 35.9 
Santa Clara County 399 685 36 2,163 194.7 203.3 14.4 134.8 
Santa Cruz County 81 94 6 300 25.5 28.3 2.0 18.8 
Shasta County 140 92 25 346 25.1 34.5 2.3 23.0 
Sierra County 45 29 21 145 10.5 15.6 1.0 10.5 
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Exhibit A-2 (Cont’d)   
   



County 
# of Fuel 
Stations 



Gasoline 
Sales 



(million 
gallons) 



Diesel 
Sales 



(million 
gallons) 



Estimated 
Gasoline and 
Diesel Sales 
($ millions) 



Estimated 
Sales Tax  
($ millions) 



California 
Excise Tax  
($ millions) 



Underground 
Storage Tank Fee 



($ millions)  



Federal 
Excise Tax 
($ millions) 



         
Siskiyou County 152 217 24 720 52.2 68.9 4.8 45.8 
Solano County 149 208 23 690 50.9 66.0 4.6 43.9 
Sonoma County 187 253 34 856 70.6 82.5 5.7 54.8 
Stanislaus County 41 39 4 129 10.1 12.3 0.9 8.2 
Sutter County 42 29 38 192 13.9 21.6 1.3 14.6 
Tehama County 18 5 0 15 1.1 1.4 0.1 0.9 
Trinity County 219 167 41 616 44.7 61.1 4.2 40.7 
Tulare County 35 25 3 84 6.5 8.0 0.6 5.3 
Tuolumne County 207 338 36 1,118 81.0 106.8 7.5 71.0 
Ventura County 82 113 30 423 30.7 42.1 2.9 28.1 
Yolo County 40 34 9 127 9.2 12.7 0.9 8.5 
Yuba County 14 2 3 14 1.0 1.6 0.1 1.1 
Sources: EIA, CEC, estimates by LAEDC        
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California Senate Districts 
 
In 2017, there were approximately 53,120 producing oil and gas wells, distributed across the senate districts in 
California, as illustrated in Exhibit A-3. 



Exhibit A-3 
Active Oil and Gas Wells in California by Senate District 
 



 
Sources: DOGGR, LAEDC 
Note: Idle wells do not appear separately in this map and may be co-located with active wells. 
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The oil and gas production associated with the active wells in California in 2017 by senate district are displayed in 
Exhibit A-4 along with select estimated production-based revenues collected by the state. 



Exhibit A-4     
California State Senate Districts Oil & Gas Production     
      



  
Total 
Wells Active Idle 



Oil 
Production 
(BBL) 



Gas 
Production 



(MCF) 



Estimated 
Value 



($ millions) 



Oil Spill Prevention 
and Administration 



Fee ($) 



DOGGR 
Assessment 



($) 
         
Senate 1 6  6     16,845 
Senate 2 52 24 28  334,329 1.0 723 826,123 
Senate 3 509 201 308 11,120 16,285,500 51.1   2,441,851 
Senate 4 1,259 677 582  48,465,300 150.3   2,017,395 
Senate 5 247 107 140  40,040,800 124.2     
Senate 6 6  6    271 565,533 
Senate 7 58 28 30 4,166 11,182,900 34.9     
Senate 8 2  2        
Senate 9           
Senate 10           
Senate 11       407,834 3,931,076 
Senate 12 4,092 2,127 1,965 6,274,370 15,279,400 366.1   2 
Senate 13 24 8 16 4   734,877 9,111,985 
Senate 14 8,109 5,346 2,763 11,305,800 67,794,600 784.5     
Senate 15       5,361,649 47,782,694 
Senate 16 55,139 36,872 18,267 82,486,900 123,511,000 4573.3 324,700 2,576,116 
Senate 17 1,638 1,085 553 4,995,390 1,176,260 257.4 5,949 61,618 
Senate 18 48 21 27 91,527 307,714 5.6 597,396 5,167,885 
Senate 19 5,078 2,275 2,803 9,190,700 10,664,000 500.0     
Senate 20       



40,890 1,232,133 
Senate 21 628 201 427 629,080 18,164,300 88.3 242 1,874 
Senate 22 8 3 5 3,720  0.2     
Senate 23 1  1    488 4,275 
Senate 24 12 10 2 7,512 9,720 0.4     
Senate 25       11,042 176,803 
Senate 26 152 71 81 169,875 1,810,390 14.2 16,686 165,985 
Senate 27 329 108 221 256,706 727,378 15.3     
Senate 28       77,488 631,447 
Senate 29 925 535 390 1,192,120 611,618 62.5 148,811 1,215,347 
Senate 30 900 509 391 2,289,400 1,227,930 120.1     
Senate 31 4  4   



 
61,503 513,558 



Senate 32 548 331 217 946,203 730,954 50.3 99,497 792,273 
Senate 33 1,356 1,062 294 1,530,720 417,645 79.1 23,625 191,662 
Senate 34 307 187 120 363,458 169,484 19.0 85,032 675,882 
Senate 35 637 440 197 1,308,180 332,957 67.5     
Senate 36       37,157 299,071 
Senate 37 320 166 154 571,649 219,398 29.7     
Senate 38           
Senate 39           
Senate 40         16,845 



    Source: CA DOGGR, EIA, estimates by LAEDC 
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Individuals whose employment are in user industries that rely upon the use of oil and gas products in their supply chain, 
or who are users of the dependent industry’s output, have jobs at risk. Employment in industry sectors identified to be 
the most at risk in California due to their interconnectedness with the oil and gas industry, manufacturing, 
transportation and agriculture, are provided by senate district in Exhibit A-5, along with the share of these industries 
to each district’s total employment. The share of workers in these three interconnected industry sectors who are female 
is also provided. 



Exhibit A-5 
California Senate Districts Oil & Gas Related Industry Employment 
  



 District 
21 Mining, Quarrying and 



Oil & Gas Extraction 31-33 Manufacturing 
48-49 Transportation & 



Warehousing 
% of Total 



Employment 
% Female in 



Industry 
          
Senate 1 7,861 28,042 3,685 9.0% 26.0% 
Senate 2 13,304 27,579 3,725 10.7% 29.1% 
Senate 3 14,852 42,976 6,946 11.6% 30.4% 
Senate 4 15,045 28,621 4,541 9.7% 24.2% 
Senate 5 16,857 39,748 6,599 15.1% 26.8% 
Senate 6 3,292 21,933 4,732 6.7% 36.1% 
Senate 7 3,903 40,223 5,188 10.2% 32.1% 
Senate 8 25,733 37,907 5,788 13.2% 24.2% 
Senate 9 1,692 29,978 7,248 8.1% 43.8% 
Senate 10 1,437 72,677 5,618 17.4% 36.3% 
Senate 11 1,024 27,515 6,948 6.6% 46.6% 
Senate 12 61,655 36,528 4,778 22.4% 16.5% 
Senate 13 1,928 54,046 5,926 12.9% 35.7% 
Senate 14 80,210 31,201 10,914 24.5% 13.0% 
Senate 15 2,660 74,811 4,292 17.9% 33.0% 
Senate 16 47,766 28,958 16,474 19.2% 14.5% 
Senate 17 23,334 38,154 4,203 14.2% 23.8% 
Senate 18 2,128 34,510 4,587 9.6% 39.1% 
Senate 19 29,350 32,988 4,468 15.6% 23.0% 
Senate 20 3,138 56,002 13,194 13.6% 40.6% 
Senate 21 2,892 34,983 6,441 11.6% 33.7% 
Senate 22 2,340 47,981 7,268 12.8% 40.2% 
Senate 23 3,481 41,000 8,974 10.1% 35.0% 
Senate 24 2,014 39,386 4,761 10.7% 42.0% 
Senate 25 2,087 36,601 5,458 8.4% 38.8% 
Senate 26 1,383 39,683 7,026 8.2% 41.0% 
Senate 27 3,439 36,470 3,894 10.0% 37.1% 
Senate 28 8,004 30,960 4,996 9.7% 30.8% 
Senate 29 2,448 62,144 6,592 14.2% 35.9% 
Senate 30 1,933 42,833 9,323 10.8% 45.8% 
Senate 31 3,309 51,546 10,848 13.1% 36.9% 
Senate 32 2,184 61,168 9,312 14.7% 36.5% 
Senate 33 2,235 65,665 11,314 16.7% 39.5% 
Senate 34 3,119 64,661 5,197 15.7% 35.1% 
Senate 35 2,293 58,366 15,177 14.7% 45.0% 
Senate 36 4,062 48,357 4,046 12.5% 33.5% 
Senate 37 1,998 57,761 4,240 12.7% 34.5% 
Senate 38 6,977 47,905 4,892 11.7% 30.6% 
Senate 39 1,752 44,638 3,757 9.9% 33.5% 
Senate 40 7,843 28,313 4,429 9.8% 31.3% 
Source: 2017 ACS 5-year estimates     
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California Assembly Districts 
 
In 2017, there were approximately 53,120 producing oil and gas wells, distributed across the assembly districts in 
California, as illustrated in Exhibit A-6. 



Exhibit A-6 
Active Oil and Gas Wells in California by Assembly District 



  
Sources: DOGGR, LAEDC 
Note: Idle wells do not appear separately in this map and may be co-located with active wells. 
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California oil and gas production in 2017 associated with active wells by assembly district are displayed in Exhibit A-7 
along with select estimated production-based revenues collected by the state. 



Exhibit A-7     
California State Assembly Districts Oil & Gas Production     
      



 District Total Wells Active Idle 
Oil Production 
(BBL) 



Gas Production 
(MCF) 



Estimated Value 
($ millions) 



Oil Spill Prevention 
and Administration 



Fee ($) 



DOGGR 
Assessment 



($) 
         
Assembly 1 6  6        
Assembly 2 52 24 28  334,329 1.0   16,845 
Assembly 3 977 544 433  46,265,800 143.5   2,331,032 
Assembly 4 374 154 220  3,297,590 10.2   166,144 
Assembly 5 34 21 13  14,628,000 45.4   737,010 
Assembly 6 0 0 0        
Assembly 7 6 0 6        
Assembly 8           
Assembly 9 2 1 1  848 



 
  43 



Assembly 10      
 



    
Assembly 11 441 185 256 11,188 15,238,200 47.8 727 773,391 
Assembly 12 44 22 22  8,622,440 26.7   434,429 
Assembly 13 205 85 120  31,418,400 97.4   1,582,969 
Assembly 14 24 16 8  11,130,900 34.5   560,814 
Assembly 15           
Assembly 16 8 6 2 4,098 380 0.2 266 2,084 
Assembly 17           
Assembly 18           
Assembly 19           
Assembly 20           
Assembly 21 2  2        
Assembly 22           
Assembly 23           
Assembly 24 24 8 16 4   



  2 
Assembly 25           
Assembly 26 1,636 1,008 628 2,728,520 44,793 138.7 177,354 1,376,980 
Assembly 27            
Assembly 28           
Assembly 29           
Assembly 30 1,348 910 438 4,443,910 630,927 227.7 288,854 2,270,785 
Assembly 31 3,990 2,076 1,914 6,259,700 629,561 319.9 406,881 3,185,575 
Assembly 32 8,570 5,569 3,001 12,314,300 7,260,960 648.1 800,430 6,570,207 
Assembly 33           
Assembly 34 53,042 35,640 17,402 78,749,900 122,984,000 4381.8 5,118,744 45,873,311 
Assembly 35 2,310 1,079 1,231 2,667,490 2,323,900 142.7 173,387 1,461,061 
Assembly 36           
Assembly 37 3,042 1,395 1,647 6,778,650 8,979,330 372.2 440,612 3,867,730 
Assembly 38 876 283 593 852,777 19,084,300 102.5 55,431 1,391,192 
Assembly 39 29  29        
Assembly 40 1  1        
Assembly 41           
Assembly 42           
Assembly 43           
Assembly 44 181 52 129 435,250 42,894 22.2 28,291 221,455 
Assembly 45 1  1        
Assembly 46           
Assembly 47           
Assembly 48           
Assembly 49 37 11 26 680 8,500 0.1 44 771 
Assembly 50 190 66 124 274,506 314,118 14.9 17,843 154,132 
Assembly 51 12 10 2 7,512 9,720 0.4 488 4,275 
Assembly 52           
Assembly 53 18 9 9 41,778 28,142 2.2 2,716 22,467 
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Exhibit A-7 (Cont’d)   
         



District Total Wells Active Idle 
Oil Production 



(BBL) 
Gas Production 



(MCF) 
Estimated Value  



($ Millions) 



Oil Spill Prevention 
and Administration 



Fee ($) 



DOGGR 
Assessment 



($) 
         
Assembly 54 736 455 281 2,033,060 908,243 106.1 132,149 1,070,087 
Assembly 55 871 488 383 1,513,200 596,135 78.7 98,358 792,438 
Assembly 56           
Assembly 57 379 229 150 561,991 522,761 30.2 36,529 309,489 
Assembly 58 144 94 50 387,252 199,693 20.3 25,171 205,172 
Assembly 59 41 17 24 54,522 57,955 2.9 3,544 30,390 
Assembly 60 4  4        
Assembly 61           
Assembly 62 63 29 34 54,806 1,740,060 8.2 3,562 115,283 
Assembly 63           
Assembly 64 439 285 154 1,077,120 251,158 55.5 70,013 555,345 
Assembly 65 54 47 7 40,798 15,483 2.1 2,652 21,336 
Assembly 66 97 67 30 170,747 61,182 8.9 11,099 89,111 
Assembly 67           
Assembly 68 14 6 8 47,867 7,737 2.5 3,111 24,507 
Assembly 69           
Assembly 70 1,558 1,210 348 1,715,860 545,543 88.9 111,531 891,997 
Assembly 71           
Assembly 72 224 145 79 243,154 62,010 12.5 15,805 125,634 
Assembly 73           
Assembly 74 292 146 146 519,861 211,661 27.1 33,791 272,588 
Assembly 75           
Assembly 76           
Assembly 77           
Assembly 78           
Assembly 79           
Assembly 80           



Source: CA DOGGR, estimates by LAEDC 



 



 



 



 



 



 



  











Appendix  California’s Oil and Gas Industry in 2017 



  Institute for Applied Economics   A-11 



Employment in industry sectors identified to be the most at risk in California due to their interconnectedness with the 
oil and gas industry, manufacturing, transportation and agriculture, are provided by assembly district in Exhibit A-8, 
along with the share of these industries to each district’s total employment. The share of workers in these three 
interconnected industry sectors who are female is also provided. 



 



Exhibit A-8 
California Assembly Districts Oil & Gas Related Industry Employment 
  



 District 
21 Mining, Quarrying and 



Oil & Gas Extraction 31-33 Manufacturing 
48-49 Transportation & 



Warehousing 
% of Total 



Employment 
% Female in 



Industry 
          
Assembly 1 6,547 12,431 1,734 9.4% 20.8% 
Assembly 2 9,153 16,352 1,759 12.2% 25.8% 
Assembly 3 13,150 13,629 1,937 13.3% 19.3% 
Assembly 4 13,234 23,455 3,366 13.6% 26.8% 
Assembly 5 16,193 15,961 2,231 13.9% 18.3% 
Assembly 6 1,517 19,008 2,023 8.4% 29.6% 
Assembly 7 1,943 13,592 2,599 6.6% 35.9% 
Assembly 8 1,764 15,942 3,042 6.8% 31.9% 
Assembly 9 4,581 14,671 2,842 9.1% 29.9% 
Assembly 10 3,796 16,632 2,520 9.4% 35.0% 
Assembly 11 3,535 18,259 3,479 10.6% 31.7% 
Assembly 12 12,759 24,735 3,385 16.7% 26.2% 
Assembly 13 8,588 20,098 3,741 14.6% 28.2% 
Assembly 14 2,187 22,612 3,883 9.2% 35.4% 
Assembly 15 789 13,952 3,163 6.8% 40.9% 
Assembly 16 2,234 23,991 2,525 11.3% 30.5% 
Assembly 17 576 15,226 2,782 6.3% 43.5% 
Assembly 18 1,006 18,007 4,441 9.2% 46.0% 
Assembly 19 671 18,447 5,481 6.8% 49.4% 
Assembly 20 902 33,581 3,818 14.5% 37.9% 
Assembly 21 17,732 23,667 2,972 19.5% 23.6% 
Assembly 22 1,059 21,744 4,539 9.7% 42.6% 
Assembly 23 12,801 17,343 2,951 12.1% 24.3% 
Assembly 24 1,425 35,375 1,731 15.2% 32.2% 
Assembly 25 1,111 55,435 2,585 20.5% 34.9% 
Assembly 26 34,887 14,580 2,422 23.1% 13.2% 
Assembly 27  1,556 38,092 2,748 17.5% 35.9% 
Assembly 28 842 42,008 1,848 17.7% 30.0% 
Assembly 29 8,440 24,444 1,846 13.1% 26.5% 
Assembly 30 30,970 16,916 1,969 21.3% 16.2% 
Assembly 31 32,633 16,206 2,409 22.6% 16.0% 
Assembly 32 49,098 14,760 9,443 26.3% 10.6% 
Assembly 33 1,960 13,803 4,120 9.6% 33.4% 
Assembly 34 28,586 14,012 13,208 20.5% 13.1% 
Assembly 35 17,325 12,956 2,935 15.7% 17.9% 
Assembly 36 2,199 19,061 2,763 12.8% 29.7% 
Assembly 37 10,524 21,316 2,722 12.6% 27.0% 
Assembly 38 1,492 22,829 2,856 11.3% 36.8% 
Assembly 39 1,642 22,977 3,141 11.4% 38.4% 
Assembly 40 1,323 26,041 6,009 10.2% 35.8% 
Assembly 41 1,125 21,992 3,348 8.6% 38.0% 
Assembly 42 3,796 14,993 3,601 8.1% 33.9% 
Assembly 43 850 14,125 2,072 6.9% 40.4% 
Assembly 44 12,256 21,886 1,619 15.8% 27.5% 
Assembly 45 1,034 16,780 2,023 8.1% 39.2% 
Assembly 46 982 18,873 2,605 8.0% 38.9% 
Assembly 47 1,268 29,268 8,114 13.7% 41.7% 
Assembly 48 1,574 27,730 3,995 13.8% 39.0% 
Assembly 49 872 23,038 3,585 11.4% 42.8% 
Assembly 50 763 14,171 2,261 5.5% 41.3% 
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Exhibit A-8 (Cont’d) 
      



 District 
21 Mining, Quarrying and 



Oil & Gas Extraction 31-33 Manufacturing 
48-49 Transportation & 



Warehousing 
% of Total 



Employment 
% Female in 



Industry 
      
Assembly 51 1,064 24,148 3,169 11.3% 42.2% 
Assembly 52 2,078 30,897 6,335 13.5% 40.4% 
Assembly 53 1,428 33,384 3,920 13.9% 40.1% 
Assembly 54 631 15,435 4,328 6.3% 48.7% 
Assembly 55 1,319 31,571 3,710 13.3% 36.6% 
Assembly 56 9,250 7,589 1,652 9.3% 21.0% 
Assembly 57 1,562 38,128 5,374 15.3% 36.6% 
Assembly 58 1,207 36,410 5,986 14.9% 37.8% 
Assembly 59 1,547 29,517 4,860 17.1% 41.6% 
Assembly 60 1,759 31,629 5,374 14.5% 36.5% 
Assembly 61 1,912 24,194 6,316 11.7% 37.0% 
Assembly 62 1,096 23,422 6,765 10.3% 48.0% 
Assembly 63 1,209 39,525 6,667 16.9% 38.8% 
Assembly 64 1,433 35,273 8,135 17.1% 43.5% 
Assembly 65 1,458 34,980 3,457 14.9% 35.2% 
Assembly 66 690 30,128 5,683 14.5% 41.6% 
Assembly 67 2,640 23,474 3,717 11.2% 33.0% 
Assembly 68 1,256 34,742 2,270 13.6% 35.0% 
Assembly 69 2,018 35,488 2,490 16.5% 36.0% 
Assembly 70 1,180 25,980 7,068 12.5% 43.2% 
Assembly 71 2,800 21,189 2,875 9.5% 31.6% 
Assembly 72 1,341 36,162 2,790 16.1% 34.4% 
Assembly 73 694 25,086 2,145 11.6% 34.0% 
Assembly 74 976 27,443 1,971 11.8% 32.9% 
Assembly 75 4,967 24,159 2,159 13.0% 30.3% 
Assembly 76 3,481 24,827 1,959 13.4% 33.2% 
Assembly 77 1,004 30,925 1,902 12.5% 32.1% 
Assembly 78 888 19,736 2,250 8.1% 36.3% 
Assembly 79 925 22,349 3,131 8.4% 34.9% 
Assembly 80 982 19,369 2,909 8.8% 37.5% 
Source: 2017 ACS 5-year estimates     



 
 
 
 
 
 
 
 
 
 
 











Appendix  California’s Oil and Gas Industry in 2017 



  Institute for Applied Economics   A-1 



Oil and Gas User Industries 
 



 
 
   



493 Warehousing and storage 0.56 
335 Electrical equipment and appliance mfg. 0.56 
511 Publishing industries, except internet 0.49 
519 Other information services 0.30 
444 Building material and garden supply stores 0.17 
452 General merchandise stores 0.12 
323 Printing and related support activities 0.09 



487-488 Transportation Support and Sightseeing 0.06 
111-2 & 115 Agriculture 0.04 



447 Gasoline stations 0.03 
442 Furniture and home furnishings stores 0.03 
454 Non-store retailers 0.02 
446 Health and personal care stores 0.02 
451 Sporting goods, hobby, book & music stores 0.01 
448 Clothing and clothing accessories stores 0.01 
453 Miscellaneous store retailers 0.01 
443 Electronics and appliance stores 0.01 



      
  Total Purchases $ 1,910.65 
      
* Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 



 
 
 
 
 
 
 



Exhibit A-9 
Purchases from California Upstream Operations by Industry 
   



   
NAICS Industry Description  $ millions  



55 Management of companies and enterprises $239.7 
23 Construction 225.1 



325* Chemical manufacturing 209.7 
486 Pipeline transportation 157.1 
541 Professional and technical services 130.9 
333* Machinery manufacturing 114.5 
532 Rental and leasing services 100.7 
331 Primary metal manufacturing 92.0 
42 Wholesale Trade 89.6 
332 Fabricated metal product manufacturing 69.9 
221 Utilities 67.7 
324* Petroleum and coal products manufacturing 66.2 
533 Lessors of nonfinancial intangible assets 39.8 
523 Securities, commodity contracts, investments 39.5 
561 Administrative and support services 29.7 



521-522 Monetary auth, credit intermediation & related 20.7 
722 Food services and drinking places 20.5 



212-213* Mining and Mining Support 19.5 
517 Telecommunications 17.9 



334 Computer and electronic product 
manufacturing 16.8 



484 Truck transportation 15.6 
327 Nonmetallic mineral product manufacturing 15.5 
562 Waste management and remediation services 13.9 
336 Transportation equipment manufacturing 13.9 
524 Insurance carriers and related activities 13.7 
326 Plastics and rubber products manufacturing 8.0 
483 Water transportation 6.7 
481 Air transportation 6.5 
482 Rail transportation 6.3 
339 Miscellaneous manufacturing 6.0 
531 Real estate 5.4 
811 Repair and maintenance 4.0 
322 Paper manufacturing 3.7 
518 Data processing, hosting and related services 3.6 
721 Accommodation 3.3 
485 Transit and ground passenger transportation 2.5 
441 Motor vehicle and parts dealers 1.8 
813 Membership associations and organizations 1.6 
515 Broadcasting, except internet 0.8 
711 Performing arts and spectator sports 0.7 
491 Postal service 0.6 
713 Amusements, gambling, and recreation 0.6 
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Exhibit A-10 
Purchases from California Midstream Operations by Industry 
 



   
NAICS Industry Description  $ millions  



541 Professional and technical services $30.3 
211 Oil and gas extraction 27.4 
23 Construction 22.5 



332 Fabricated metal product manufacturing 13.6 
324 Petroleum and coal products manufacturing 12.4 
561 Administrative and support services 11.0 
42 Wholesale Trade 5.8 



531 Real estate 4.7 
333 Machinery manufacturing 4.6 



487-488 Trans Support & Scenic/sightseeing trans 3.8 



521-522 Monetary auth, credit intermediation and 
related 2.8 



221 Utilities 2.8 
517 Telecommunications 2.0 
483 Water transportation 1.9 
523 Securities, commodity contracts, investments 1.6 
524 Insurance carriers and related activities 1.6 
326 Plastics and rubber products manufacturing 1.5 
491 Postal service 1.4 
811 Repair and maintenance 1.3 
484 Truck transportation 1.3 
322 Paper manufacturing 1.2 
562 Waste management and remediation services 1.2 
518 Data processing, hosting and related services 0.7 
492 Couriers and messengers 0.6 



334 Computer and electronic product 
manufacturing 0.6 



532 Rental and leasing services 0.3 
813 Membership associations and organizations 0.2 
335 Electrical equipment and appliance mfg. 0.2 
323 Printing and related support activities 0.2 
482 Rail transportation 0.2 
722 Food services and drinking places 0.1 
321 Wood product manufacturing 0.1 
721 Accommodation 0.1 
325 Chemical manufacturing 0.1 
444 Building material and garden supply stores 0.1 
452 General merchandise stores 0.1 
446 Health and personal care stores 0.1 
481 Air transportation 0.1 
611 Educational services 0.1 
448 Clothing and clothing accessories stores 0.1 
493 Warehousing and storage 0.1 
454 Non-store retailers 0.1 



   
314 Textile product mills 0.1 
453 Miscellaneous store retailers 0.0 
447 Gasoline stations 0.0 
443 Electronics and appliance stores 0.0 
327 Nonmetallic mineral product manufacturing 0.0 
442 Furniture and home furnishings stores 0.0 
451 Sporting goods, hobby, book and music stores 0.0 
339 Miscellaneous manufacturing 0.0 
445 Food and beverage stores 0.0 
485 Transit and ground passenger transportation 0.0 
336 Transportation equipment manufacturing 0.0 



      
  Total Purchases $161.1 
      
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-11  
Purchases from California Downstream Operations by Industry 
 



   
NAICS Industry Description  $ millions  



211 Oil and gas extraction $43,011.0 
42 Wholesale Trade 2,675.2 
486 Pipeline transportation 1,751.4 
23 Construction 1,452.7 23 Construction 1,452.7 



484 Truck transportation 1,054.9 
325 Chemical manufacturing 636.7 
221 Utilities 492.2 
55 Management of companies and enterprises 468.7 



541 Professional and technical services 253.1 
561 Administrative and support services 147.0 
811 Repair and maintenance 102.0 
482 Rail transportation 101.3 
562 Waste management and remediation services 66.2 
722 Food services and drinking places 62.2 



521-522 Monetary auth, credit intermediation and 
related 59.0 



533 Lessors of nonfinancial intangible assets 55.4 
332 Fabricated metal product manufacturing 46.3 



212-213 Mining and Mining Support 42.7 
517 Telecommunications 33.8 
311 Food manufacturing 30.6 
326 Plastics and rubber products manufacturing 30.2 
481 Air transportation 28.8 



487-488 Trans Support & Scenic/sightseeing trans 23.3 
532 Rental and leasing services 20.1 
324 Petroleum and coal products manufacturing 19.7 
483 Water transportation 19.1 
813 Membership associations and organizations 15.2 
523 Securities, commodity contracts, investments 13.5 



334 Computer and electronic product 
manufacturing 13.0 



491 Postal service 12.0 
721 Accommodation 11.0 
711 Performing arts and spectator sports 10.8 
331 Primary metal manufacturing 9.9 
524 Insurance carriers and related activities 9.3 
322 Paper manufacturing 9.1 
493 Warehousing and storage 8.1 
485 Transit and ground passenger transportation 7.3 
518 Data processing, hosting and related services 4.5 
336 Transportation equipment manufacturing 4.4 
444 Building material and garden supply stores 3.5 
335 Electrical equipment and appliance mfg. 3.5 



   
446 Health and personal care stores 3.2 
316 Leather and allied product manufacturing 3.2 
713 Amusements, gambling, and recreation 3.0 
448 Clothing and clothing accessories stores 2.9 
454 Non-store retailers 2.6 
453 Miscellaneous store retailers 1.9 
447 Gasoline stations 1.7 
443 Electronics and appliance stores 1.6 
442 Furniture and home furnishings stores 1.4 



451 Sporting goods, hobby, book and music 
stores 1.0 



611 Educational services 1.0 
113-114 Forestry, Hunting and Fishing 0.8 



333 Machinery manufacturing 0.8 
323 Printing and related support activities 0.6 
452 General merchandise stores 0.4 
511 Publishing industries, except internet 0.4 
812 Personal and laundry services 0.3 
339 Miscellaneous manufacturing 0.2 
445 Food and beverage stores 0.2 
327 Nonmetallic mineral product manufacturing 0.1 
531 Real estate 0.1 



111-2 & 
115 Agriculture 0.1 



441 Motor vehicle and parts dealers 0.0 
      
  Total Purchases $52,846.6 
      
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-12 
Purchases from California Market Operations by Industry 
 



   
NAICS Industry Description  $ millions  



211 Oil and gas extraction $4,772.5 
486 Pipeline transportation 1,809.4 
541 Professional and technical services 1,798.8 



521-522 Monetary auth, credit intermediation & related 1,104.5 
531 Real estate 848.6 
561 Administrative and support services 463.9 
42 Wholesale Trade 429.3 
23 Construction 238.1 



487-488 Trans Support & Scenic/sightseeing trans 166.5 
811 Repair and maintenance 164.0 
523 Securities, commodity contracts, investments 139.3 
493 Warehousing and storage 135.8 
55 Management of companies and enterprises 115.0 



722 Food services and drinking places 113.7 
332 Fabricated metal product manufacturing 97.2 
517 Telecommunications 96.8 
524 Insurance carriers and related activities 73.8 



221* Utilities 73.1 
813 Membership associations and organizations 66.8 
481 Air transportation 61.2 
562 Waste management and remediation services 58.9 
484 Truck transportation 49.3 
532 Rental and leasing services 45.6 
721 Accommodation 44.5 
533 Lessors of nonfinancial intangible assets 44.4 
491 Postal service 42.8 
518 Data processing, hosting and related services 40.9 
482 Rail transportation 40.4 
611 Educational services 39.4 
492 Couriers and messengers 32.2 
511 Publishing industries, except internet 26.0 
326 Plastics and rubber products manufacturing 23.5 
485 Transit and ground passenger transportation 20.6 
323 Printing and related support activities 19.3 
336 Transportation equipment manufacturing 18.4 
324 Petroleum and coal products manufacturing 17.7 
711 Performing arts and spectator sports 12.5 
713 Amusements, gambling, and recreation 11.6 
322 Paper manufacturing 10.8 
325 Chemical manufacturing 8.4 
519 Other information services 8.4 
221 Natural gas distribution 7.3 



   
313 Textile mills 6.6 
334 Computer and electronic product manufacturing 6.2 
321 Wood product manufacturing 5.1 
333 Machinery manufacturing 4.8 
314 Textile product mills 4.3 
339 Miscellaneous manufacturing 4.2 
337 Furniture and related product manufacturing 4.2 
335 Electrical equipment and appliance mfg. 3.8 
812 Personal and laundry services 3.6 
441 Motor vehicle and parts dealers 3.4 
315 Apparel manufacturing 3.1 
327 Nonmetallic mineral product manufacturing 2.6 
444 Building material and garden supply stores 2.1 
446 Health and personal care stores 2.0 
448 Clothing and clothing accessories stores 1.7 
454 Non-store retailers 1.6 
483 Water transportation 1.2 



111-112 
& 115 Agriculture 1.2 



453 Miscellaneous store retailers 1.1 
452 General merchandise stores 1.0 
443 Electronics and appliance stores 1.0 
442 Furniture and home furnishings stores 0.8 
451 Sporting goods, hobby, book and music stores 0.6 
445 Food and beverage stores 0.3 
316 Leather and allied product manufacturing 0.1 
331 Primary metal manufacturing 0.1 



212-213 Mining and Mining Support 0.0 
312 Beverage and tobacco product manufacturing 0.0 
311 Food manufacturing 0.0 
512 Motion picture and sound recording industries 0.0 



      
  Total Purchases $13,450.7 
      
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-13 
All Industries by Inputs of Upstream Products as a Percentage of Output 
      



NAICS Industry 



Inputs 
as % of 
Output 



486 Pipeline transportation 18.57% 
331 Primary metal manufacturing 1.03% 



212-213* Mining and Mining Support 0.71% 
532 Rental and leasing services 0.51% 



333* Machinery manufacturing 0.37% 
55 Management of companies and enterprises 0.37% 



482 Rail transportation 0.22% 
325* Chemical manufacturing 0.21% 
332 Fabricated metal product manufacturing 0.21% 
533 Lessors of nonfinancial intangible assets 0.15% 
327 Nonmetallic mineral product manufacturing 0.13% 
221 Utilities 0.12% 
562 Waste management and remediation services 0.12% 
483 Water transportation 0.11% 
23 Construction 0.10% 



324* Petroleum and coal products manufacturing 0.09% 
523 Securities, commodity contracts, investments 0.05% 
326 Plastics and rubber products manufacturing 0.05% 
484 Truck transportation 0.04% 
42 Wholesale Trade 0.04% 



541 Professional and technical services 0.03% 
322 Paper manufacturing 0.03% 
561 Administrative and support services 0.03% 
481 Air transportation 0.03% 



521-522 Monetary auth, credit intermediation and related 0.02% 
485 Transit and ground passenger transportation 0.02% 
339 Miscellaneous manufacturing 0.02% 
517 Telecommunications 0.02% 
524 Insurance carriers and related activities 0.02% 
336 Transportation equipment manufacturing 0.02% 
722 Food services and drinking places 0.02% 
721 Accommodation 0.02% 
518 Data processing, hosting and related services 0.02% 
491 Postal service 0.01% 
334 Computer and electronic product manufacturing 0.01% 
811 Repair and maintenance 0.01% 
441 Motor vehicle and parts dealers 0.01% 
813 Membership associations and organizations 0.01% 
335 Electrical equipment and appliance mfg. 0.00% 
493 Warehousing and storage 0.00% 
713 Amusements, gambling, and recreation 0.00% 



 
 
 
 
 
 
 
 
 
 
 
 



711 Performing arts and spectator sports 0.00% 
531 Real estate 0.00% 
515 Broadcasting, except internet 0.00% 
323 Printing and related support activities 0.00% 
444 Building material and garden supply stores 0.00% 
511 Publishing industries, except internet 0.00% 
452 General merchandise stores 0.00% 
519 Other information services 0.00% 
447 Gasoline stations 0.00% 
451 Sporting goods, hobby, book and music stores 0.00% 
442 Furniture and home furnishings stores 0.00% 



487-488 Trans Support & Scenic/sightseeing trans 0.00% 
443 Electronics and appliance stores 0.00% 
453 Miscellaneous store retailers 0.00% 
446 Health and personal care stores 0.00% 



111-112 
& 115 Agriculture 0.00% 



448 Clothing and clothing accessories stores 0.00% 
454 Non-store retailers 0.00% 



   
  Average of All Industries 0.05% 
   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-14 
All Industries by Inputs of Midstream Products as a Percentage of Output 
      



NAICS Industry 



Inputs 
as % of 
Output 



211 Oil and gas extraction 0.38% 
486 Pipeline transportation 0.10% 
332 Fabricated metal product manufacturing 0.04% 
483 Water transportation 0.03% 
491 Postal service 0.02% 



487-488 Trans Support & Scenic/sightseeing trans 0.02% 
324 Petroleum and coal products manufacturing 0.02% 
333 Machinery manufacturing 0.01% 
322 Paper manufacturing 0.01% 
23 Construction 0.01% 



562 Waste management and remediation services 0.01% 
561 Administrative and support services 0.01% 
326 Plastics and rubber products manufacturing 0.01% 
541 Professional and technical services 0.01% 
482 Rail transportation 0.01% 
221 Utilities 0.01% 
492 Couriers and messengers 0.00% 
314 Textile product mills 0.00% 
484 Truck transportation 0.00% 



521-522 Monetary auth, credit intermediation and related 0.00% 
518 Data processing, hosting and related services 0.00% 
811 Repair and maintenance 0.00% 
42 Wholesale Trade 0.00% 



321 Wood product manufacturing 0.00% 
323 Printing and related support activities 0.00% 
517 Telecommunications 0.00% 
524 Insurance carriers and related activities 0.00% 
523 Securities, commodity contracts, investments 0.00% 
531 Real estate 0.00% 
335 Electrical equipment and appliance mfg. 0.00% 
532 Rental and leasing services 0.00% 
443 Electronics and appliance stores 0.00% 
813 Membership associations and organizations 0.00% 
451 Sporting goods, hobby, book and music stores 0.00% 
446 Health and personal care stores 0.00% 
444 Building material and garden supply stores 0.00% 
493 Warehousing and storage 0.00% 
721 Accommodation 0.00% 
453 Miscellaneous store retailers 0.00% 
447 Gasoline stations 0.00% 
442 Furniture and home furnishings stores 0.00% 



 
 
 
 
 
 
 
 
 



 
 
 
 



452 General merchandise stores 0.00% 
448 Clothing and clothing accessories stores 0.00% 
481 Air transportation 0.00% 
327 Nonmetallic mineral product manufacturing 0.00% 
334 Computer and electronic product manufacturing 0.00% 
611 Educational services 0.00% 
485 Transit and ground passenger transportation 0.00% 
454 Non-store retailers 0.00% 
722 Food services and drinking places 0.00% 
325 Chemical manufacturing 0.00% 
339 Miscellaneous manufacturing 0.00% 
445 Food and beverage stores 0.00% 
336 Transportation equipment manufacturing 0.00% 



   
  Average of All Industries 0.73%  
   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-15 
All Industries by Inputs of Downstream Products as a Percentage of 
Output 
      



NAICS Industry 



Inputs 
as % of 
Output 



211 Oil and gas extraction 592.11% 
486 Pipeline transportation 207.11% 
482 Rail transportation 3.50% 
484 Truck transportation 2.82% 
324 Petroleum and coal products manufacturing 1.54% 
42 Wholesale Trade 1.23% 



221 Utilities 0.88% 
212-213 Mining and Mining Support 0.83% 



55 Management of companies and enterprises 0.72% 
23 Construction 0.67% 



325 Chemical manufacturing 0.65% 
316 Leather and allied product manufacturing 0.60% 
562 Waste management and remediation services 0.55% 
483 Water transportation 0.32% 
811 Repair and maintenance 0.21% 
533 Lessors of nonfinancial intangible assets 0.20% 
326 Plastics and rubber products manufacturing 0.19% 
491 Postal service 0.18% 
332 Fabricated metal product manufacturing 0.14% 
561 Administrative and support services 0.13% 
481 Air transportation 0.11% 



487-488 Trans Support & Scenic/sightseeing trans 0.11% 
331 Primary metal manufacturing 0.11% 
532 Rental and leasing services 0.10% 



113-114 Forestry, Hunting and Fishing 0.08% 
322 Paper manufacturing 0.08% 
485 Transit and ground passenger transportation 0.07% 



521-522 Monetary auth, credit intermediation and related 0.07% 
541 Professional and technical services 0.06% 
493 Warehousing and storage 0.06% 
721 Accommodation 0.05% 
813 Membership associations and organizations 0.05% 
722 Food services and drinking places 0.05% 
517 Telecommunications 0.04% 
311 Food manufacturing 0.03% 
443 Electronics and appliance stores 0.03% 
711 Performing arts and spectator sports 0.03% 
335 Electrical equipment and appliance mfg. 0.03% 
451 Sporting goods, hobby, book and music stores 0.02% 
446 Health and personal care stores 0.02% 
444 Building material and garden supply stores 0.02% 



 
 
 
 
 
 
 
 
 



 
 
 



518 Data processing, hosting and related services 0.02% 
523 Securities, commodity contracts, investments 0.02% 
453 Miscellaneous store retailers 0.02% 
442 Furniture and home furnishings stores 0.02% 
447 Gasoline stations 0.02% 
713 Amusements, gambling, and recreation 0.01% 
448 Clothing and clothing accessories stores 0.01% 
524 Insurance carriers and related activities 0.01% 
323 Printing and related support activities 0.01% 
454 Non-store retailers 0.01% 
334 Computer and electronic product manufacturing 0.01% 
336 Transportation equipment manufacturing 0.01% 
611 Educational services 0.00% 
333 Machinery manufacturing 0.00% 
452 General merchandise stores 0.00% 
327 Nonmetallic mineral product manufacturing 0.00% 
812 Personal and laundry services 0.00% 
511 Publishing industries, except internet 0.00% 
339 Miscellaneous manufacturing 0.00% 
445 Food and beverage stores 0.00% 



111-112 
& 115 Agriculture 0.00% 



531 Real estate 0.00% 
441 Motor vehicle and parts dealers 0.00% 



   
  Average of All Industries 0.73% 
   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-16 
All Industries by Inputs of Market Products as a Percentage of Output* 
      



NAICS Industry 



Inputs 
as % of 
Output 



486 Pipeline transportation 213.97% 
211 Oil and gas extraction 65.70% 
482 Rail transportation 1.40% 



521-522 Monetary auth, credit intermediation and related 1.27% 
493 Warehousing and storage 0.99% 



487-488 Trans Support & Scenic/sightseeing trans 0.80% 
491 Postal service 0.64% 
562 Waste management and remediation services 0.49% 
541 Professional and technical services 0.46% 
561 Administrative and support services 0.41% 
313 Textile mills 0.36% 
811 Repair and maintenance 0.34% 
332 Fabricated metal product manufacturing 0.29% 
531 Real estate 0.28% 
481 Air transportation 0.24% 
813 Membership associations and organizations 0.23% 
532 Rental and leasing services 0.23% 
323 Printing and related support activities 0.23% 
314 Textile product mills 0.23% 
221 Utilities 0.22% 
721 Accommodation 0.22% 
492 Couriers and messengers 0.22% 
42 Wholesale Trade 0.20% 



485 Transit and ground passenger transportation 0.20% 
523 Securities, commodity contracts, investments 0.19% 
55 Management of companies and enterprises 0.18% 



518 Data processing, hosting and related services 0.17% 
533 Lessors of nonfinancial intangible assets 0.16% 
326 Plastics and rubber products manufacturing 0.15% 
484 Truck transportation 0.13% 
611 Educational services 0.12% 
23 Construction 0.11% 



517 Telecommunications 0.10% 
524 Insurance carriers and related activities 0.10% 
322 Paper manufacturing 0.10% 
722 Food services and drinking places 0.10% 
321 Wood product manufacturing 0.08% 
337 Furniture and related product manufacturing 0.05% 
315 Apparel manufacturing 0.05% 
713 Amusements, gambling, and recreation 0.05% 
511 Publishing industries, except internet 0.05% 



 
 
 
 
 
 
 
 
 



 
 
 



711 Performing arts and spectator sports 0.04% 
221 Natural gas distribution 0.03% 
335 Electrical equipment and appliance mfg. 0.03% 
336 Transportation equipment manufacturing 0.02% 
324 Petroleum and coal products manufacturing 0.02% 
327 Nonmetallic mineral product manufacturing 0.02% 
443 Electronics and appliance stores 0.02% 
483 Water transportation 0.02% 
316 Leather and allied product manufacturing 0.02% 
333 Machinery manufacturing 0.02% 
812 Personal and laundry services 0.01% 
339 Miscellaneous manufacturing 0.01% 
451 Sporting goods, hobby, book and music stores 0.01% 
446 Health and personal care stores 0.01% 
441 Motor vehicle and parts dealers 0.01% 
444 Building material and garden supply stores 0.01% 
519 Other information services 0.01% 
453 Miscellaneous store retailers 0.01% 
447 Retail - Gasoline stores 0.01% 
442 Furniture and home furnishings stores 0.01% 
325 Chemical manufacturing 0.01% 
448 Clothing and clothing accessories stores 0.01% 
454 Non-store retailers 0.00% 
452 General merchandise stores 0.00% 
334 Computer and electronic product manufacturing 0.00% 



111-112 
& 115 Agriculture 0.00% 



445 Food and beverage stores 0.00% 
331 Primary metal manufacturing 0.00% 



212-213 Mining and Mining Support 0.00% 
312 Beverage and tobacco product manufacturing 0.00% 
512 Motion picture and sound recording industries 0.00% 
311 Food manufacturing 0.00% 



   
  Average of All Industries 0.73% 
   
Each industry segment excludes the industries within it to avoid double counting  
Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-17 
All Industries by Trade Exposure as a Percentage of Output 



NAICS Industry 



Trade 
Exposure 



as % of 
Output 



316 Leather and allied product manufacturing 96.5% 
313 Textile mills 77.9% 
333 Machinery manufacturing 75.6% 
721 Accommodation 75.3% 
315 Apparel manufacturing 74.2% 
512 Motion picture and sound recording industries 71.9% 
221 Utilities 70.9% 
334 Computer and electronic product manufacturing 69.5% 
339 Miscellaneous manufacturing 64.6% 
325 Chemical manufacturing 60.4% 



113-114 Forestry, Hunting and Fishing 59.8% 
111-112 & 
115 Agriculture 59.0% 



331 Primary metal manufacturing 56.1% 
336 Transportation equipment manufacturing 55.9% 
335 Electrical equipment and appliance mfg. 54.4% 
314 Textile product mills 53.7% 
533 Lessors of nonfinancial intangible assets 53.3% 
312 Beverage and tobacco product manufacturing 53.3% 
483 Water transportation 51.7% 
337 Furniture and related product manufacturing 46.5% 
332 Fabricated metal product manufacturing 43.2% 
311 Food manufacturing 42.9% 
326 Plastics and rubber products manufacturing 39.2% 
511 Publishing industries, except internet 36.6% 
711 Performing arts and spectator sports 36.4% 
541 Professional and technical services 36.2% 
324 Petroleum and coal products manufacturing 36.0% 



487-488 Trans Support & Scenic/sightseeing trans 31.9% 
624 Social assistance 31.8% 
518 Data processing, hosting and related services 29.1% 
519 Other information services 26.3% 
448 Clothing and clothing accessories stores 25.6% 
42 Wholesale Trade 25.5% 



531 Real estate 25.4% 
322 Paper manufacturing 24.9% 
515 Broadcasting, except internet 24.0% 
492 Couriers and messengers 23.1% 
481 Air transportation 22.2% 
621 Ambulatory health care services 19.5% 
453 Miscellaneous store retailers 19.2% 
713 Amusements, gambling, and recreation 19.0% 
323 Printing and related support activities 16.2% 
482 Rail transportation 15.9% 



 
 
 
 
 
 
 
 



 
 
 



211 Oil and gas extraction 15.6% 
445 Food and beverage stores 15.5% 
812 Personal and laundry services 15.2% 
611 Educational services 14.6% 
321 Wood product manufacturing 14.5% 
55 Management of companies and enterprises 14.0% 



212-213 Mining and Mining Support 13.6% 
493 Warehousing and storage 12.9% 
327 Nonmetallic mineral product manufacturing 12.4% 
484 Truck transportation 10.8% 
517 Telecommunications 9.6% 
454 Non-store retailers 9.6% 
443 Electronics and appliance stores 8.6% 
442 Furniture and home furnishings stores 7.6% 
561 Administrative and support services 7.4% 
811 Repair and maintenance 7.3% 
813 Membership associations and organizations 7.1% 
712 Museums, historical sites, zoos, and parks 6.6% 
523 Securities, commodity contracts, investments 6.6% 
446 Health and personal care stores 5.8% 



521-522 Monetary auth, credit intermediation and related 5.2% 
486 Pipeline transportation 5.0% 
532 Rental and leasing services 4.7% 
451 Sporting goods, hobby, book and music stores 3.1% 
524 Insurance carriers and related activities 1.5% 
491 Postal service 0.7% 
562 Waste management and remediation services 0.5% 
722 Food services and drinking places 0.3% 
485 Transit and ground passenger transportation 0.3% 
447 Gasoline stations 0.3% 
622 Hospitals 0.2% 
525 Funds, trusts, and other financial vehicles 0.1% 
441 Motor vehicle and parts dealers 0.0% 
23 Construction 0.0% 



444 Building material and garden supply stores 0.0% 
452 General merchandise stores 0.0% 
623 Nursing and residential care facilities 0.0% 



      
  Average of All Industries 28.2% 
   



Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-18 
All Industries by Gross Operating Surplus as a Percentage of Output 
      



NAICS Industry 



Surplus 
as % of 
Output 



443 Electronics and appliance stores -36.7% 
812 Personal and laundry services -12.7% 
316 Leather and allied product manufacturing -2.6% 
712 Museums, historical sites, zoos, and parks -1.0% 
523 Securities, commodity contracts, investments -0.5% 
453 Miscellaneous store retailers 0.0% 
491 Postal service 0.2% 
623 Nursing and residential care facilities 0.3% 
611 Educational services 0.7% 
518 Data processing, hosting and related services 1.3% 
451 Sporting goods, hobby, book and music stores 2.8% 
813 Membership associations and organizations 3.2% 
811 Repair and maintenance 3.4% 
331 Primary metal manufacturing 3.5% 
447 Gasoline stations 4.0% 
484 Truck transportation 4.3% 
624 Social assistance 4.4% 
315 Apparel manufacturing 4.8% 
337 Furniture and related product manufacturing 5.0% 
446 Health and personal care stores 5.3% 
621 Ambulatory health care services 5.7% 
452 General merchandise stores 5.8% 
313 Textile mills 6.2% 
314 Textile product mills 6.9% 
622 Hospitals 7.0% 
482 Rail transportation 7.4% 
335 Electrical equipment and appliance mfg. 7.4% 
321 Wood product manufacturing 7.6% 
55 Management of companies and enterprises 7.6% 



493 Warehousing and storage 7.8% 
323 Printing and related support activities 7.8% 
311 Food manufacturing 8.0% 
322 Paper manufacturing 8.1% 
445 Food and beverage stores 8.6% 
312 Beverage and tobacco product manufacturing 9.1% 
541 Professional and technical services 9.4% 



487-488 Trans Support & Scenic/sightseeing trans 9.5% 
519 Other information services 10.3% 
444 Building material and garden supply stores 10.4% 
524 Insurance carriers and related activities 10.8% 
442 Furniture and home furnishings stores 10.8% 
333 Machinery manufacturing 11.3% 



 
 
 
 
 
 
 
 



 
 
 



336 Transportation equipment manufacturing 11.4% 
326 Plastics and rubber products manufacturing 11.5% 
332 Fabricated metal product manufacturing 11.6% 
327 Nonmetallic mineral product manufacturing 12.0% 
339 Miscellaneous manufacturing 12.3% 
562 Waste management and remediation services 12.5% 
722 Food services and drinking places 12.7% 
561 Administrative and support services 13.5% 
711 Performing arts and spectator sports 13.6% 
441 Motor vehicle and parts dealers 15.3% 
485 Transit and ground passenger transportation 15.3% 
23 Construction 15.3% 



515 Broadcasting, except internet 15.6% 
448 Clothing and clothing accessories stores 15.9% 



111-112 
& 115 Agriculture 16.5% 



42 Wholesale Trade 16.8% 
492 Couriers and messengers 18.2% 
481 Air transportation 18.7% 
483 Water transportation 18.8% 
324 Petroleum and coal products manufacturing 19.3% 
486 Pipeline transportation 19.5% 
334 Computer and electronic product manufacturing 19.9% 
221 Utilities 20.6% 
721 Accommodation 22.1% 



212-213 Mining and Mining Support 23.1% 
713 Amusements, gambling, and recreation 24.6% 
525 Funds, trusts, and other financial vehicles 25.2% 
454 Non-store retailers 27.9% 
211 Oil and gas extraction 29.1% 



521-522 Monetary auth, credit intermediation and related 30.8% 
517 Telecommunications 34.0% 



113-114 Forestry, Hunting and Fishing 35.0% 
532 Rental and leasing services 36.7% 
325 Chemical manufacturing 37.6% 
511 Publishing industries, except internet 43.0% 
533 Lessors of nonfinancial intangible assets 44.9% 
512 Motion picture and sound recording industries 54.1% 
531 Real estate 61.2% 



   
  Average of All Industries 18.0% 
   



Source: IMPLAN Data for California; Analysis by LAEDC 
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Exhibit A-19 
Top 20 Industries by Vulnerability Index by Oil and Gas Industry Segment* 
      
NAICS Industry Description Index 
   
Upstream User Industries  



325 Chemical manufacturing 9.7 
333* Machinery manufacturing 9.4 



221 Utilities 9.3 
533 Lessors of nonfinancial intangible assets 8.9 



212-213* Mining and Mining Support 8.7 
331 Primary metal manufacturing 8.6 
483 Water transportation 8.6 
332 Fabricated metal product manufacturing 8.3 
324 Petroleum and coal products manufacturing 8.3 
721 Accommodation 8.1 
532 Rental and leasing services 7.7 
326 Plastics and rubber products manufacturing 7.7 
482 Rail transportation 7.7 
334 Computer and electronic product manufacturing 7.6 
339 Miscellaneous manufacturing 7.6 
55 Management of companies and enterprises 7.4 



486 Pipeline transportation 7.4 
42 Wholesale Trade 7.4 



336 Transportation equipment manufacturing 7.4 
481 Air transportation 7.4 



   
Midstream User Industries  



333 Machinery manufacturing 9.4 
221 Utilities 9.3 
483 Water transportation 9.1 
332 Fabricated metal product manufacturing 8.9 
324 Petroleum and coal products manufacturing 8.9 



487-488 Trans Support & Scenic/sightseeing trans 8.4 
211 Oil and gas extraction 8.4 
326 Plastics and rubber products manufacturing 8.3 
541 Professional and technical services 7.9 
314 Textile product mills 7.6 
322 Paper manufacturing 7.6 
721 Accommodation 7.6 
42 Wholesale Trade 7.4 



492 Couriers and messengers 7.4 
482 Rail transportation 7.1 
335 Electrical equipment and appliance mfg. 7.1 
531 Real estate 7.1 
561 Administrative and support services 7.0 
518 Data processing, hosting and related services 6.9 
334 Computer and electronic product manufacturing 6.9 



   



 
 
 



Downstream User Industries  
221 Utilities 9.9 
325* Chemical manufacturing 9.1 
42 Wholesale Trade 8.9 
533 Lessors of nonfinancial intangible assets 8.9 
483 Water transportation 8.6 
211 Oil and gas extraction 8.4 



212-213 Mining and Mining Support 8.1 
721 Accommodation 8.1 
316 Leather and allied product manufacturing 8.1 



113-114 Forestry, Hunting and Fishing 8.0 
486 Pipeline transportation 7.7 
482 Rail transportation 7.7 
332 Fabricated metal product manufacturing 7.7 
326 Plastics and rubber products manufacturing 7.7 
481 Air transportation 7.4 
324* Petroleum and coal products manufacturing 7.4 
331 Primary metal manufacturing 7.4 



487-488 Trans Support & Scenic/sightseeing trans 7.3 
484 Truck transportation 7.1 
55 Management of companies and enterprises 7.1 



   
Market User Industries  



221* Utilities 8.7 
721 Accommodation 8.7 
211 Oil and gas extraction 8.4 



487-488 Trans Support & Scenic/sightseeing trans 8.4 
313 Textile mills 8.4 
531 Real estate 8.3 
332 Fabricated metal product manufacturing 8.3 
481 Air transportation 8.0 
541 Professional and technical services 7.9 
533 Lessors of nonfinancial intangible assets 7.7 
482 Rail transportation 7.7 



521-522 Monetary auth, credit intermediation and related 7.6 
314 Textile product mills 7.6 
486 Pipeline transportation 7.4 
42 Wholesale Trade 7.4 
493 Warehousing and storage 7.4 
492 Couriers and messengers 7.4 
562 Waste management and remediation services 7.1 
326 Plastics and rubber products manufacturing 7.1 
561 Administrative and support services 7.0 



   
* Each industry segment excludes the industries within it to avoid double counting 
Source: IMPLAN Data for California; Analysis by LAEDC 
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South Coast Air Quality Management District 
 
The South Coast Air Quality Management District (SCAQMD) consists of the four counties of Los Angeles, 
Orange, Riverside and San Bernardino.



 
 
 
 
 



Exhibit A-22 
Backward Linkages: Oil and Gas Industry 
Total Economic and Fiscal Contribution  
Southern California Sub-Region 2017* 



 



  



ECONOMIC CONTRIBUTION Employment Labor Income 
($ millions) 



Value Added 
($ millions) 



Output 
($ millions) 



Direct  55,130  $  3,534  $   12,598  $   44,509 
Indirect  33,990 2,327 3,685 5,896 
Induced 26,710 1,410 2,566 4,074 
        
TOTAL CONTRIBUTION 115,830  $  7,271  $   18,849  $    54,480   
        
Percent of Total CA Contribution 31.6% 27.8% 31.8% 35.8% 
Percent of Sub-Region Total 1.1% 1.1% 1.6% 2.9% 
     



FISCAL CONTRIBUTION  
State and Local 



($ millions)   



Sales and excise taxes $   4,946   
Property taxes 863   
Personal income taxes 216   
Corporate profits taxes 118   
Social insurance taxes 35   
DOGGR Assessment 13   
Other taxes 192   
Fees, fines and permits 226   
    



TOTAL TAX REVENUES  $   6,607   
* Estimates may differ from reports whose methodology includes royalty owners as sole proprietors. 



Exhibit A-21 
Direct Employment of Oil and Gas Industry 
SCAQMD 2017* 
 
 Employment 



211 Oil and gas extraction 1,989 
213111 Drilling oil and gas wells 487 
213112 Support activities for oil and gas operations 1,392 



2212 Natural gas distribution 8,267 
23712 Oil and gas pipeline construction 6,013 
32411 Petroleum refineries 4,870 



324191 Petroleum lubricating oil and grease mfg. 597 
32511 Petrochemical manufacturing 4 



333132 Oil and gas field machinery and eqpmt mfg. 614 
4247 Petroleum and petroleum prods wholesalers 2,892 



447 Gasoline stations 26,060 
45431 Fuel dealers 735 



486 Pipeline transportation 1,212 



  
TOTAL DIRECT EMPLOYMENT 55,132 
Percent of California Industry Employment  36.2% 
* Estimates may differ from reports whose methodology includes royalty owners as sole 
proprietors in direct employment.  



Exhibit A-20 
SCAQMD 



 
Source: ESRI 











Appendix  California’s Oil and Gas Industry in 2017 



  Institute for Applied Economics   9 



Characteristics of the Industry Workforce in South Coast Air Quality 
Management District



 
The composition of the workforce in the oil and gas 
industry varies according to gender, age, race and 
ethnicity and educational attainment.  
 
Sex of Workforce 
 
Workers in the oil and gas industry are predominantly 
male. In 2017, females represented 22.2 percent of the 
workforce (Exhibit A-23).  
 
Age of Workforce 
 
The majority of the workforce is in its prime working 
age—between 22 years and 54 years of age, with half 
being in the 35 to 54 years of age group (Exhibit A-24). 
Still, workers aged 55 years and older accounted for 26.0 
percent, a significant share of the industry workforce.  
 
Race and Ethnicity in the Workforce 
 
The workforce in the oil and gas industry is diverse in 
both race and ethnicity (Exhibit A-25). Workers reporting 
their ethnicity as Hispanic or Latino (all races) accounted 
for nearly 37 percent of the workforce. Workers 
reporting their race as Asian accounted for close to 10 
percent of industry workers and just over 7 percent 
identified as Black. 
 
Educational Attainment of Workers 
 
The industry provides a wide range of jobs to individuals 
with different levels of education (Exhibit A-26). 
Approximately 33 percent of the workforce has a high 
school education or less; 20 percent have a high school 
diploma and 13 percent have less than a high school 
education. Oil and gas workers with some college 
education accounted for just under 33 percent of the 
workforce, and 32 percent have earned a bachelor’s 
degree or higher. While a third of the workforce has up to 
a high school education, these jobs in oil and gas 
industries are associated with higher earnings compared 
to those with the same levels of education across all 
industries in the SCAQMD (Exhibit A-27).   



 
 



 
 



 
 



 
 



 
  



Female
22.2%



Male
77.8%



Exhibit A-23
Sex



0.5%



23.0% 50.5% 26.0%



Exhibit A-24
Age



<22 years 22-34 years 35-54 years 55+ years



36.5% 9.6%



7.1%



44.2%



2.6%



Exhibit A-25
Race and Ethnicity



Hispanic or Latino Asian Black White Other



31.8%



2.6%



20.3% 12.7% 32.6%



Exhibit A-26
Educational Attainment



Bachelor's and above Not Available (24 years or less)
High School or equiv Less than high school
Some College or associate



$13,661 
$9,874 



$8,986 
$7,387 



$4,564 



Exhibit A-27
Average Monthly Earnings 2017



Bachelor's and above Some college or associate
High school or equivalent Less than high school
Edu N/A (24 years or less)
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Oil and Gas Industries 
 
NAICS 211: Oil and gas extraction 
Establishments within this industry subsector operate 
and/or develop oil and gas field properties, either on 
their own account or for others on a contract or fee basis. 
Activities include: exploration for crude petroleum and 
natural gas; drilling, completing, and equipping wells; 
operating separators, emulsion breakers, desilting 
equipment, and field gathering lines for crude petroleum 
and natural gas; and all other activities in the preparation 
of oil and gas up to the point of shipment from the 
producing property. This subsector includes the 
production of crude petroleum, the production of natural 
gas, sulfur recovery from natural gas, and recovery of 
hydrocarbon liquids. 
 
NAICS 213111: Drilling oil and gas wells 
Establishments in this U.S. industry are primarily 
engaged in drilling oil and gas wells for others on a 
contract or fee basis. This industry includes contractors 
that specialize in spudding in, drilling in, re-drilling, and 
directional drilling. 
 
NAICS 213112: Support activities for oil and gas 
operations 
Establishments in this U.S. industry are primarily 
engaged in performing support activities on a contract or 
fee basis for oil and gas operations (except site 
preparation and related construction activities). Services 
included are exploration (except geophysical surveying 
and mapping); excavating well cellars, well surveying; 
running, cutting, and pulling casings, tubes, and rods; 
cementing wells, shooting wells; perforating well casings; 
well maintenance activities; and cleaning out, bailing, and 
swabbing wells. 
 
NAICS 2212: Natural gas distribution 
Establishments in this industry are: primarily engaged in: 
operating gas distribution systems (e.g., mains, meters); 
known as gas marketers that buy gas from the well and 
sell it to a distribution system; known as gas brokers or 
agents that arrange the sale of gas over gas distribution 
systems operated by others; and those primarily engaged 
in transmitting and distributing gas to final consumers. 
Only privately-owned establishments are included in this 
report. 
 



NAICS 23712: Oil and gas pipeline and related 
structures construction 
Establishments in this industry include those primarily 
engaged in the construction of oil and gas lines, mains, 
refineries, and storage tanks. The work performed may 
include new work, reconstruction, upgrades, and repairs. 
Specialty trade contractors are included if they are 
engaged in activities primarily related to oil and gas 
pipeline and related structures construction. All 
structures (including buildings) that are integral parts of 
oil and gas networks (e.g., storage tanks, pumping 
stations, and refineries) are included in this industry. 
 
NAICS 32411: Petroleum refineries 
Establishments in this industry are primarily engaged in 
refining crude petroleum into refined petroleum. 
Petroleum refining involves one or more of the following 
activities: (1) fractionation; (2) straight distillation of 
crude oil; and (3) cracking. 
 
NAICS 324191: Petroleum lubricating oil and grease 
manufacturing 
Establishments in this U.S. industry are primarily 
engaged in blending or compounding refined petroleum 
to make lubricating oils and greases and/or re-refining 
used petroleum lubricating oils. 
 
NAICS 32511: Petrochemical manufacturing 
Establishments in this industry are primarily engaged in 
manufacturing acyclic (i.e., aliphatic) hydrocarbons such 
as ethylene, propylene, and butylene made from refined 
petroleum or liquid hydrocarbons and/or manufacturing 
cyclic aromatic hydrocarbons such as benzene, toluene, 
styrene, xylene, ethyl benzene, and cumene made from 
refined petroleum or liquid hydrocarbons. 
 
NAICS 333132: Oil and gas field machinery and 
equipment manufacturing 
This U.S. industry is comprised of establishments 
primarily engaged in (1) manufacturing oil and gas field 
machinery and equipment, such as oil and gas field 
drilling machinery and equipment; oil and gas field 
production machinery and equipment; and oil and gas 
field derricks and (2) manufacturing water well drilling 
machinery. 
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NAICS 4247: Petroleum and petroleum products 
merchant wholesalers 
Establishments in this industry group are primarily 
engaged in the Petroleum Bulk Stations and Terminals 
industry, with bulk liquid storage facilities primarily 
engaged in the merchant wholesale distribution of crude, 
petroleum and petroleum products, including liquefied 
petroleum gas, or the Petroleum and Petroleum Products 
Merchant Wholesalers industry, the merchant wholesale 
distribution of petroleum and petroleum products 
(except from bulk liquid storage facilities). 
 
NAICS 447: Gasoline stations 
Establishments in this subsector retail automotive fuels 
(e.g., gasoline, diesel fuel, gasohol, alternative fuels) and 
automotive oils or retail these products in combination 
with convenience store items. These establishments have 
specialized equipment for the storage and dispensing of 
automotive fuels. 



NAICS 45431: Fuel dealers 
Establishments in this industry are primarily engaged in 
retailing heating oil, liquefied petroleum (LP) gas, and 
other fuels via direct selling. 
 
NAICS 486: Pipeline transportation 
Industries in this subsector use transmission pipelines to 
transport products, such as crude oil, natural gas, or 
refined petroleum products. Industries are identified 
based on the products transported (i.e., pipeline 
transportation of crude oil, natural gas, refined petroleum 
products, and other products). The Pipeline 
Transportation of Natural Gas industry includes the 
storage of natural gas because the storage is usually done 
by the pipeline establishment and because a pipeline is 
inherently a network in which all the nodes are 
interdependent.  



Methodology 
 
Backward Linkages
 
 
Economic contribution analysis is used to describe that 
portion of a region’s economy that can be attributed to an 
existing industry. Contribution analysis measures the 
value of the industry in terms of its backward linkages - 
its purchases of goods and services in its supply chain, its 
payment of labor income to regional workers, and the tax 
revenues generated on its operations and multiplier 
impacts. This analysis models what would happen if the 
industry did not exist in terms of those whose economic 
activity depends on supplying the industry. 
 
The primary economic contribution to California’s 
economy of the oil and gas industry is the expenditure of 
hundreds of millions of dollars towards goods and 
services from regional vendors. This injection of funds 
circulates from the initial recipients to the owners and 
employees of establishments that help supply the goods 
and services that the industry purchases.  
 
The industry also spends billions of dollars every year for 
the wages and benefits of its employees and contract 
workers. These workers, as well as the employees of all 
the industry’s suppliers, spend a portion of their incomes 
on groceries, rent, vehicle expenses, healthcare, 
entertainment, and so on. The recirculation of the original 
expenditures multiplies the initial spending through 
these indirect and induced effects. 
 



The extent to which the initial expenditures multiply is 
estimated using economic models that depict the 
relationships between industries (such as oil production 
and its suppliers) and among different economic agents 
(such as industries and their employees). 
 
These models are built upon actual data of expenditure 
patterns that are reported to the U.S. Bureau of Labor 
Statistics, the U.S. Census Bureau and the Bureau of 
Economic Analysis of the U.S. Department of Commerce. 
Data is regionalized so that it reflects and incorporates 
local conditions such as prevailing wages rates, 
expenditure patterns, and resource availability and costs. 
The model does not assess other factors related to the 
industry outside of these measures, such as 
environmental, governmental or social costs and benefits. 
 
The magnitude of the multiplying effect differs from one 
region to another depending on the extent to which the 
local region can fill the demand for all rounds of supplying 
needs. For example, the automobile manufacturing 
industry has high multipliers in Detroit and Indiana since 
these regions have deep and wide supplier networks, 
while the same industry multiplier in Phoenix is quite 
small. In another example, the jobs multiplier for the 
construction industry is higher in, say, Arkansas, than in 
California because the same amount of spending will 
purchase fewer workers in Los Angeles than in Little 
Rock. 
 











California’s Oil and Gas Industry in 2017  Appendix 
  



A-12    Institute for Applied Economics  



Multipliers can also differ from year to year as relative 
material and labor costs change and as the production 
“recipe” of industries change. For example, the IT 
revolution significantly reduced the job multiplier of 
many industries (such as manufacturing, accounting, 
architecture and publishing) as computers replaced 
administrative and production workers. 
 
The metrics used to determine the value of the economic 
contribution are employment, labor income, value-added 
and the value of output. Employment includes full-time, 
part-time, permanent and seasonal employees and the 
self-employed, and is measured on a job-count basis 
regardless of the number of hours worked. Labor income 
includes all income received by both payroll employees 
and the self-employed, including wages and benefits such 
as health insurance and pension plan contributions. 
Value-added is the measure of the contribution to GDP 
made by the industry, and consists of compensation of 
employees, taxes on production and gross operating 
surplus. Output is the value of the goods and services 
produced. For most industries, this is simply the revenues 
generated through sales; for others, in particular retail 
industries, output is the value of the services supplied.  
 
Estimates are developed using software and data from 
IMPLAN Group, LLC which traces inter-industry 
transactions resulting from an increase in demand in a 
given region. The economic region of interest is the State 
of California, and the activity is reported for 2017, the 
most recent year for which a complete set of data is 
available. Estimates for labor income, value added, and 
output are expressed in 2017 dollars to maintain 
consistency with the reported industry activity.   
 
The total estimated economic contribution includes 
direct, indirect and induced effects.  
 



Direct activity includes the materials purchased and the 
employees hired by the industry itself. Indirect effects are 
those which stem from the employment and business 
revenues motivated by the purchases made by the 
industry and any of its suppliers. Induced effects are those 
generated by the spending of employees whose wages are 
sustained by both direct and indirect spending.  
 
Contribution analysis differs from economic impact 
analysis in that linkages between the component 
industries as described below are removed so that 
indirect activity is not double-counted as also part of 
direct activity. 
 
Direct activity related to the oil and gas industry was 
based on employment and wage data from the Quarterly 
Census of Employment and Wages and Nonemployer 
statistics from the U.S. Census Bureau with nondisclosed 
data estimated by the LAEDC.   
 



 
Forward Linkages 
 
Another prism through which the industry can be viewed 
is its forward linkages—the extent to which its products 
are incorporated into the manufacturing and service 
delivery operations of the rest of the economy. In the case 
of the refinery industry, for example, those industries 
which are highly dependent on transportation fuels, such 
as trucking, aviation and construction industries, and 
manufacturing industries dependent on petroleum 
byproducts in the production of their own products, such 
as plastics manufacturers and medical device 
manufacturers. 
 
Understanding these linkages is important in evaluating 
how cost increases in oil and gas industry products might 



extend through the manufacturing and service delivery 
chains. 
 
In this report, refinery and petrochemical products are 
traced through the industry user chain and each primary 
user industry's intensity of use compared to its use as a 
share of revenues, which represents a measure of the user 
industry's dependency on refined and petrochemical 
products. An industry that primarily depends on oil and 
gas inputs for production will be affected to a greater 
extent than other, less reliant industries. 
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This dependency is evaluated against the user industry's 
gross operating surplus, which points to the industry's 
ability to absorb higher costs of inputs.  
 
Lastly, each user industry's trade sensitivity will be 
estimated to provide an indication of its ability to pass the 
higher costs of inputs through to its customers. 
 
The combination of these measures provides the basis for 
a vulnerability indicator. The composite index is derived 
as discussed in the text.  
 
For the top twenty user industries by vulnerability 
indicator, employment, labor income, output and direct 
contribution to GDP are estimated to provide orders of 
magnitude of the economic activity that is at immediate 



risk from disruption of supply of refined petroleum 
products and byproducts. 
 
The metrics used to determine orders of magnitude for 
primary user industries are employment, labor income, 
value-added and the value of output as described above.  
 
The data used to conduct this analysis is the Industry 
Economic Accounts produced by the Bureau of Economic 
Analysis of the Department of Commerce (specifically, the 
Make and Use tables) as estimated and aggregated by the 
IMPLAN Group, LLC in its latest software release for the 
2017 calendar year. The economic region of interest is the 
State of California. Estimates for labor income and output 
are expressed in 2017 dollars to maintain consistency 
with the reported industry activity.   



 
Workforce Characteristics Methodology 



Data for worker characteristics according to industry is 
not available at the same detailed level as it is for 
employment. As such, some modifications were made to 
the industry definition in reporting workers 
characteristics. Specifically, the following industries from 
Exhibit 1-1 were excluded from the workforce analysis: 
23712, 32511, 333132 and 45431. 
 
The Center for Economic Studies at the U.S. Census 
Bureau provides several public-use data products 
derived from existing census, survey, and administrative 
data. One of these products is the Quarterly Workforce 
Indicators (QWI), which provides workforce statistics by 
demography, geography and industry at the sector, 
subsector and 4-digit industry level. 
 



The QWI is unique in that it reports data at the job-level, 
obtained from linked employer-employee microdata in 
the Longitudinal Employer-Household Dynamics (LEHD), 
a database covering more than 95 percent of U.S. private 
sector jobs. Additional sources include administrative 
records on employment by states, Social Security data, 
Federal tax records and other census and survey data. 
 
Data available through the QWI allows for the analysis of 
the demographics of a particular labor market or specific 
industry, as is done in this report for the oil and gas 
industry. Estimates used to determine employment 
distributions of worker characteristics are stable full-
quarter employment counts, the number of jobs held on 
both the first and last day of the quarter with the same 
employer. Quarterly data has been annualized.   
 



 



Description of NAICS Industry Sectors 
 
The industry sectors used in this report are established 
by the North American Industry Classification System 
(NAICS). NAICS divides the economy into twenty sectors, 
and groups industries within these sectors according to 
production criteria. Listed below is a short description of 
each sector as taken from the sourcebook, North 
American Industry Classification System, published by the 
U.S. Office of Management and Budget (2012). 
 
Agriculture, Forestry, Fishing and Hunting: Activities of 
this sector are growing crops, raising animals, harvesting 
timber, and harvesting fish and other animals from farms, 
ranches, or the animals’ natural habitats. 



Mining: Activities of this sector are extracting naturally-
occurring mineral solids, such as coal and ore; liquid 
minerals, such as crude petroleum; and gases, such as 
natural gas; and beneficiating (e.g., crushing, screening, 
washing and flotation) and other preparation at the mine 
site, or as part of mining activity. 



Utilities: Activities of this sector are generating, 
transmitting, and/or distributing electricity, gas, steam, 
and water and removing sewage through a permanent 
infrastructure of lines, mains, and pipes. 
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Construction: Activities of this sector are erecting 
buildings and other structures (including additions); 
heavy construction other than buildings; and alterations, 
reconstruction, installation, and maintenance and 
repairs. 



Manufacturing: Activities of this sector are the 
mechanical, physical, or chemical transformation of 
material, substances, or components into new products. 



Wholesale Trade: Activities of this sector are selling or 
arranging for the purchase or sale of goods for resale; 
capital or durable non-consumer goods; and raw and 
intermediate materials and supplies used in production 
and providing services incidental to the sale of the 
merchandise. 



Retail Trade: Activities of this sector are retailing 
merchandise generally in small quantities to the general 
public and providing services incidental to the sale of the 
merchandise. 



Transportation and Warehousing: Activities of this sector 
are providing transportation of passengers and cargo, 
warehousing and storing goods, scenic and sightseeing 
transportation, and supporting these activities. 



Information: Activities of this sector are distributing 
information and cultural products, providing the means 
to transmit or distribute these products as data or 
communications, and processing data. 



Finance and Insurance: Activities of this sector involve the 
creation, liquidation, or change of ownership of financial 
assets (financial transactions) and/or facilitating 
financial transactions. 



Real Estate and Rental and Leasing: Activities of this 
sector are renting, leasing, or otherwise allowing the use 
of tangible or intangible assets (except copyrighted 
works) and providing related services. 



Professional, Scientific, and Technical Services: Activities 
of this sector are performing professional, scientific, and 
technical services for the operations of other 
organizations.  



Management of Companies and Enterprises: Activities of 
this sector are the holding of securities of companies and 
enterprises, for the purpose of owning controlling 
interest or influencing their management decision, or 
administering, overseeing, and managing other 
establishments of the same company or enterprise and 



normally undertaking the strategic or organizational 
planning and decision-making of the company or 
enterprise.  



Administrative and Support and Waste Management and 
Remediation Services: Activities of this sector are 
performing routine support activities for the day-to-day 
operations of other organizations, such as: office 
administration, hiring and placing of personnel, 
document preparation and similar clerical services, 
solicitation, collection, security and surveillance services, 
cleaning, and waste disposal services.  



Educational Services: Activities of this sector are 
providing instruction and training in a wide variety of 
subjects. Educational services are usually delivered by 
teachers or instructors that explain, tell, demonstrate, 
supervise, and direct learning. Instruction is imparted in 
diverse settings, such as educational institutions, the 
workplace, or the home through correspondence, 
television, or other means.  



Health Care and Social Assistance: Activities of this sector 
are operating or providing health care and social 
assistance for individuals.  



Arts, Entertainment and Recreation: Activities of this 
sector are operating facilities or providing services to 
meet varied cultural, entertainment, and recreational 
interests of their patrons, such as: (1) producing, 
promoting, or participating in live performances, events, 
or exhibits intended for public viewing; (2) preserving 
and exhibiting objects and sites of historical, cultural, or 
educational interest; and (3) operating facilities or 
providing services that enable patrons to participate in 
recreational activities or pursue amusement, hobby, and 
leisure-time interests. 



Accommodation and Food Services: Activities of this sector 
are providing customers with lodging and/or preparing 
meals, snacks, and beverages for immediate 
consumption.  



Other Services (except Public Administration): Activities of 
this sector are providing services not specifically 
provided for elsewhere in the classification system. 
Establishments in this sector are primarily engaged in 
activities such as equipment and machinery repairing, 
promoting or administering religious activities, grant-
making, advocacy, and providing dry-cleaning and 
laundry services, personal care services, death care 
services, pet care services, photofinishing services, 
temporary parking services, and dating services.    
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Abstract



Organic agriculture (OA) is practiced on 1% of the global agricultural land area and its
importance continues to grow. Specifically, OA is perceived by many as having less
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negative effects on the environment than conventional agriculture because applica-
tions of soluble mineral fertilizers, and synthetic herbicides and pesticides are prohib-
ited. However, scientific evidence for better environmental impact is scanty.
Specifically, yields under OA are about 19% lower and the attendant lower soil carbon
(C) inputs together with tillage for weed control contributes to lower profile soil
organic carbon (SOC) stocks under OA. Less well known are the effects on soil
inorganic carbon (SIC) stocks. Otherwise, soils managed by OA may emit less carbon
dioxide (CO2), nitrous oxide (N2O), and methane (CH4). Specifically, by the adoption of
OA practices 1.65 Mg CO2 ha�1 y�1 may be sequestered in the top 20-cm layer.
Further, N2O emissions from soils managed by OA may be 492 kg CO2 eq. ha



�1 y�1



lower than those from conventionally managed soils. Under OA management, a
higher CH4 uptake of 3.2 kg CO2 eq. ha



�1 y�1 may be observed for arable soils. The
soil, air, and water quality may also be enhanced by OA whereas effects on biodiversity
are mixed. Thus, there is an urgent need to strengthen the database on environmental
impacts of OA by establishing and studying long-term field experiments in all major
biomes and principal soils. Consumer demand for organic products will continue to
grow driven by food safety concerns and increasing affluence. Due to lower yields,
however, natural ecosystems may be increasingly converted to agroecosystems to
meet the demand with less well-known consequences for the environment.
Nonetheless, scientific interest in OA is less than a century old, and there is significant
potential to lessen its environmental impacts while methods derived from OA can
contribute to sustainable intensification of agricultural systems.



1. INTRODUCTION



Agriculture has a major global impact as ∼40% of the global ice-free



land area is already under agricultural production (Ramankutty et al., 2008).



Specifically,∼12% of the global ice-free land area is covered by croplands and



an additional ∼28% by grasslands including rangelands, shrublands, pasture-



land, and cropland sown with pasture and fodder crops (Conant, 2012;



Ramankutty et al., 2008). Agriculture supports the livelihoods and subsis-



tence of the largest number of people worldwide, and is vital to rural



development and poverty alleviation, as well as to food and nonfood pro-



duction (WBCSD, 2008). Themain challenges for the agricultural sector are



to: (1) simultaneously secure enough high-quality agricultural production to



meet increasing demand; (2) conserve biodiversity and manage natural



resources; and (3) improve human health and well-being, especially for the



rural poor in developing countries (WBCSD, 2008). However, the current



agricultural land use practices have already substantial environmental



impacts such as biodiversity loss, accelerated soil erosion and degradation,
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eutrophication including algal blooms and oceanic dead zones, pesticide



effects on humans and wildlife, greenhouse gas (GHG) emissions, and



regime shifts in hydrological cycling (Ponisio et al., 2015). If current trends



in population growth, food and energy consumption, and food waste con-



tinue, the problems of hunger, food insecurity, and environmental degrada-



tion will be drastically exacerbated.



Conventional approaches to intensify agriculture and, in particular, the



unbridled use of irrigation and fertilizers are among the major causes of



environmental degradation (Foley et al., 2011). Thus, sustainable intensi-



fication (SI) of agriculture has been proposed to reduce the negative



biophysical impacts of modern agricultural practices (Garnett



et al., 2013). The goal of SI is to optimize crop production per unit area



while accounting for social, political, and environmental impacts (Bennett



et al., 2014). Therefore, the focus is on increased production efficiency at



lower environmental and resource costs. Examples for SI practices include



using improved irrigation techniques that give more crop-per-drop,



increasing yield per unit input, adopting climate-smart agriculture that



produces less GHG per unit product, reducing use of energy by using



conservation agriculture, and recycling nutrients. Many of these practices



aim to achieve and maintain the highest possible productivity at a given



location for the lowest economic and environmental cost (Bennett



et al., 2014). However, more sustainable and more resilient agricultural



practices may produce lower yields compared to current practices, and



more land would be needed to produce the same amount of food. To meet



future global demands, food waste and meat consumption must also be



reduced, and the distribution of food improved (Foley et al., 2011). Thus,



more than mere changes in agricultural production systems are required



and equally radical agendas must be pursued to reduce resource-intensive



consumption and waste, and to improve governance, efficiency, and resil-



ience (Garnett et al., 2013).



Instead of chemically intensive and biologically simplified systems, cost-



effective cultivation techniques are needed that encourage ecological inter-



actions to generate soil fertility, nutrient cycling and retention, water



storage, pest/disease control, pollination, and other essential agricultural



inputs/ecosystem services (Kremen et al., 2012). In particular, some studies



of organic agriculture (OA) indicate better performance than that of



conventional systems with regard to species richness and abundance, soil



fertility, nitrogen uptake by crops, water infiltration rate and holding
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capacity, and energy use and efficiency (Ponisio et al., 2015). Critical to the



success of OA are cover crops and green manures because these offer



multiple essential functions including fixing nitrogen (N), adding organic



matter (OM), and providing habitat for beneficial organisms (Abbott and



Manning, 2015). While many explanations and definitions for OA exist,



common technologies to maintain soil fertility and produce high-quality



products in OA are: (1) applying appropriate rotation programs, (2) adding



composts, (3) using physical, mechanical, biological mechanism to control



diseases, pests, and weeds, and (4) adopting organic methods in the feed and



livestock production (Shi-ming and Sauerborn, 2006). Thus, approaches



for improving the production, food security, and environmental perfor-



mance of agriculture should also include the adaptation of lessons from OA



(Foley et al., 2011). To produce sufficient food supply for a growing world



population while minimizing the negative environmental impact, further



improvements of conventional agriculture based on innovations, enhanced



efficiency, and improved agronomic practices seem to be the only way



(Kirchmann et al., 2008a).



In the context of modern agriculture, the first distinct form of OA was



introduced in 1924 by Rudolf Steiner’s course on Social Scientific Basis



of Agricultural Development introducing the concept of the farm as an



organism (Table 1; Stockdale et al., 2001). Steiner’s lectures formed the



basis of biological dynamic (biodynamic) agriculture which was devel-



oped toward the end of the 1920s in Germany, Switzerland, England,



Denmark, and the Netherlands. Since then, research and practice of



biodynamic, and those of organic, biological organic, and modern OA



expanded worldwide (Kirchmann et al., 2008b). The underpinning prin-



ciples of these practices regarding exclusion of synthetic compounds



(fertilizers and pesticides) is still the main driver for choosing crops and



pest control methods in OA. However, although a fast growing sector,



only about 1% of the worldwide agricultural land area is managed by



OA practices during the decade of 2010s (Willer and Lernoud, 2015).



Consumers increasingly demand accessible, environment-friendly, nutri-



tional, and safe food (Lairon and Huber, 2014). However, nutritional and



toxicological value of food produced under OA methods of production, as



well as their potential effects on animal and human health are uncertain. The



consumption of organic food may reduce the exposure to pesticide residues



(Baran ́ski et al., 2014). However, a direct cause–effect relationship between



organic food consumption and consumer’s health has not been established



(Smith-Spangler et al., 2012). Furthermore, OA has other environmental
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Table 1 Forms of organic agriculture, their philosophies/characteristics, and management implications [all forms exclude synthetic fertilizers
and pesticides; Kirchmann et al. (2008b)]
Form Philosophies/principles Management implications



Biological dynamic



(biodynamic)



Only natural products contain curing and



saving forces



Management of forces related to spiritual matters



that act in soil, crops, and animals



Organic food provides spiritual forces to



mankind



Application of mixtures of minerals, wild plants, and



animal organs to soil, crop, and animal manures



Farms are closed entities and self-sustaining



units



Crop sowing or planting according to astrological



principles



Organic Close relationship between soil fertility and



human health



Essential aim is to maintain or increase soil organic



matter contents as guarantee of soil health



Food quality is important for human health Only composted organic materials should be applied



to maintain soil fertility as synthetic fertilizers speed



up the rate at which soil organic matter is exhausted



Healthy soils are the basis for health on earth



Soil humus is themost significant of all nature’s



reserves



Biological organic Applying nature’s principles through



analogical, biological thinking



Normal humus formation is only achieved when



natural soil layering is not disturbed



Recognizing biological wholeness with a



holistic view on food production and nature



Soil tillage should be kept at a minimum to avoid



disorder in soil layering



Humus formation is a sign of fertility and not



humus as such



Organic manures and composts must only be used as



surface cover as they are not suitable for the root



zone



Humification is the greatest biological



regulation known to nature



(Continued )
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Table 1 Forms of organic agriculture, their philosophies/characteristics, and management implications [all forms exclude synthetic fertilizers
and pesticides; Kirchmann et al. (2008b)]—cont'd.
Form Philosophies/principles Management implications



Application of soluble salts to soil does not



fulfil the demands of crops



Nutrient supply is not synchronized with the



growth of crops



Losses of nutrients are inevitable and high from



artificial fertilizers compared with organic



manures because the organic but not the



artificial fertilizer is adapted to the turnover



in soil



Modern organic Health chain from soils that produce healthy



crops, fostering health of animals and humans



Exclusion of synthetic compounds



Principle of fairness—respect, justice,



eradication of poverty, animal welfare,



equitable systems for distribution and trade,



as well as social costs



Use of natural means and methods only



Science is necessary to ensure that organic



agriculture is healthy, safe, and ecologically



sound



Production is based on ecological processes and



recycling, and should fit the cycles and ecological



balance in nature



Scientific knowledge alone is not sufficient Management in a precautionary and responsible



manner to protect the health and well-being of



current and future generations and the



environment



Practical experience, accumulated wisdom,



and traditional and indigenous knowledge



offer valid solutions, tested by time
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impacts similar to those of conventional land uses. To reduce those impacts,



the International Federation for Organic Agricultural Movements (IFOAM)



requires organic farms to avoid all forms of pollution, and to maintain the



genetic diversity of the agricultural system and its surroundings, including



the protection of plant and wildlife habitats (Stockdale et al., 2001). On the



positive side, OA may enhance soil fertility, nutrient cycling and retention,



water storage, pest/disease control, pollination, and other essential positive



agricultural inputs/ecosystem services. Similar to conventional agricultural



practices, however, negative environmental impacts by OA may arise from:



(1) utilization of animal manures, (2) use of natural fertilizers and pesticides,



(3) management of postharvest residues, (4) irrigation, and (5) tillage opera-



tions (Udeigwe et al., 2015). Among the major environmental impacts may



be contamination of soil, water, and air by nutrients, organic carbon (C),



heavy metals, and pathogens, as well as air contamination by particulate



matters, noxious gases, and pathogens. Nevertheless, certain OA practices



(eg, the application of animal manures, crop residue handling, and irrigation



water use) may be sources as well as facilitators of the transport of the



aforementioned pollutants within the environment (Udeigwe et al., 2015).



Several health-related issues in humans have been attributed to a



number of agricultural pollutants, some of them also attributed to OA.



For example, linkages between respiratory diseases and particulate matters



(PM2.5 and PM10) (Arbex et al., 2007), have been widely documented.



Likewise, a number of human health issues relating to trace element (eg,



copper) ingestion have been reported (Uriu-Adams and Keen, 2005).



Pathogens present in animal manure can cause a number of health pro-



blems in humans (Mathis et al., 2005), such as environmental contami-



nation by nutrients (eg, phosphorus) from agricultural sources with



adverse effects on human health (Fawell and Nieuwenhuijsen, 2003;



Kalantar-Zadeh et al., 2010). However, there is no consistent evidence



regarding the health status of farm workers in relation to OA. Contrarily,



there is some evidence that pesticides applied in conventional agriculture



contribute to genetic damages in farm workers (Costa et al., 2014).



Therefore, additional research is required on health effects of farming



systems on farmers.



The current state of OA is briefly discussed in the following section,



specific effects of OA on soil C stocks, soil-derived greenhouse gases



(GHGs), and yield are discussed in detail in subsequent sections. The general



implications of OA for the environment are presented in the concluding



section.
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2. CURRENT STATE OF ORGANIC AGRICULTURE



OA is the most rapidly growing, contentious, and innovative farming



system which balances several sustainability goals to promote global food



and ecosystem security (Crowder and Reganold, 2015). However, the



global share of agricultural land under OA is small but the consumer



demand for organic food, particularly, in Europe and the United States is



growing (Willer and Lernoud, 2015). Specifically, among the 4300 Mha of



global agricultural land (Ramankutty et al., 2008), about 43 Mha (1%) was



under OA in 2013, including in-conversion areas (Willer and Lernoud,



2015). However, data on land use for OA are only available for 170



countries in the decade of the 2010s. Nevertheless, the global OA area



was 6 Mha more in 2013 than that in 2012, mainly as 5 Mha more were



reported from Australia where rangeland areas came into organic produc-



tion. The organic land area has increased in all surveyed regions except in



Latin America, because the organic grazing areas decreased in Argentina. In



addition to Australia, major increases in areas under OA are reported for



China, Italy, Peru, and Ukraine. Aside agricultural land, 35 Mha nonagri-



cultural land (ie, land for wild collection, aquaculture, forests, and grazing



areas on nonagricultural land) were organic. In total, the area under organic



grassland/grazing was 27 Mha compared with 7.7-Mha arable land under



OA. However, details on land use in 2013 were only available for 90% of



the OA land (Willer and Lernoud, 2015). Further, more than 11 Mha of



agricultural land under OA and more than 1.7 million of organic producers



were in developing countries and emerging markets. The data on produ-



cers were uncertain as some countries reported only the number of com-



panies, projects, or grower groups. Global sales of organic food reached US



$72 billion in 2013, and revenues have increased almost fivefold since 1999.



Europe and North America alone generated over 90% of global sales of



organic food. From 2012 to 2013, sales of organic products increased by 6%



in Europe and by 11.5% in the United States. Consumer demand for



organic food is growing partly due to some concerns about the food safety



(Willer and Lernoud, 2015).



Critical to the adoption of OA is the financial competitiveness compared



to that of the conventional agriculture (Crowder and Reganold, 2015). For



example, when organic premiums are not applied, OA is less profitable



than conventional agriculture, that is, benefit/cost ratios (�8 to �7%) and



net present values (�27 to �23%) for OA can be lower than those for
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conventional agriculture based on a metaanalysis of a global dataset spanning



55 crops grown on 5 continents (Crowder and Reganold, 2015). However,



OA can be more profitable (22–35%) and have higher benefit/cost ratios



(20–24%) than conventional agriculture when actual premiums are applied.



Although actual premiums are 29–32%, breakeven premiums necessary for



organic profits to match conventional profits are only 5–7%, even with



organic yields being 10–18% lower. Financially, OA may also be favored



by lower environmental costs (negative externalities) and enhanced ecosys-



tem services from the adoption of good farming practices (Crowder and



Reganold, 2015).



Presently, OA has developed into a highly standardized food production



protocol regulated by more than 80 national laws while 16 countries are in



the process of drafting legislation (Willer and Lernoud, 2015). In addition,



38 countries have alternative organic certification protocols, that is, locally-



focused quality assurance systems (PGS—Participatory Guarantee



Systems), and those systems are under development in 17 more countries.



About 80% of the organic food is consumed in the US and EU markets,



while 75% of the producers produce outside of these two major domestic



markets. However, in most European countries, conversion rates of farmers



to OA are low although market demand is huge and direct payment



schemes support conversion. In export-oriented countries, the growing



trade threatens the regionalization and contextualization of OA because



the standards of the EU and US markets are the dominant requirements



(Willer and Lernoud, 2015).



In summary, the global land area under OA is small but projected



to increase, particularly, as demand for organic food continues to grow in



Europe and the United States. Even if organic premiums decline, OA can



continue to expand, and organic farming systems can contribute a larger



share in feeding the world with their multiple sustainability benefits



(Crowder and Reganold, 2015). Aside addressing food security, it is



increasingly recognized that OA can play a role in addressing land and



soil degradation, climate change, poverty alleviation, hunger, health, and



biodiversity stewardship (Willer and Lernoud, 2015). Consequential



life cycle assessment of agricultural products must be applied (Meier



et al., 2015), in order to support policy making and strategic environ-



mental planning toward increased adoption of OA. Scientific evidence of



how some of the sustainability challenges, particularly those related to



soil processes, are addressed by OA and are discussed in the following



sections.
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3. EFFECTS OF ORGANIC AGRICULTURE ON SOIL
CARBON STOCKS



The C stock in soils of agroecosystems is comprised of the soil organic



C (SOC) and the soil inorganic C (SIC) stocks. The SIC stock consists of



lithogenic inorganic C (LIC) or primary carbonates derived from the soil



parent material, and pedogenic inorganic C (PIC) or secondary carbonates



formed through soil processes (Sanderman, 2012). Carbon enters the SOC



stock via the inputs of C from photosynthetic fixation of atmospheric carbon



dioxide (CO2) by vegetation, deposition of microbial and plant residues, and



organic amendments (animal manure, biosolids). The main C input to soil is



the net primary production (NPP) as a major fraction of the CO2 fixed



during plant photosynthesis by gross primary production (GPP), which is



respired autotrophically and returned back to the atmosphere. NPP enters



the soil by rhizodeposition and decomposition of plant litter, and the major



fraction is converted back to CO2 by soil respiration and some lost as



methane (CH4). Aside microbial decomposition enhanced by soil tillage,



C losses from soils of agroecosystems are associated with erosion, fire, har-



vest, and leaching (Ciais et al., 2010, 2011; Chang et al., 2015). Site-specific



factors (eg, climate, physicochemical characteristics, soil and vegetation



management) determine the balance between C input and losses. In the



following sections, comparisons of the effects of conventional and organic



farming systems on SIC and SOC stocks as well as the effects of different OA



practices on SOC stocks will be discussed. Research priorities will also be



identified to strengthen the knowledge base.



3.1 Soil Inorganic Carbon Stock
In many important agricultural regions, SIC stocks can rival those of SOC



(Sanderman, 2012). In arid and semiarid regions, SIC stocks can even be



many times greater than those of SOC, making changes in SIC stock as a



result of agricultural soil and land-use management practices a potentially



major C flux in soils where carbonates are present (Ahmad et al., 2015). In



general, SIC refers to mineral carbonates, dominated by calcium carbonate



(CaCO3). However, sodium and magnesium carbonates can also be present



in significant quantities in salt-affected soils (Sanderman, 2012). A large



fraction of SIC inmany soils can be inherited from calcareous parentmaterial



(limestone and other marine carbonates), termed primary or lithogenic soil
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carbonates. The soil carbonates formed in situ by the precipitation of CaCO3



are termed secondary or pedogenic carbonates. The latter are formed



through the reaction of a dilute carbonic acid formed through dissolution



of atmospheric CO2 in soil with Ca
2+ andMg2+ brought in from outside the



local agroecosystem, for example, with calcareous dust, and by agricultural



practices such as irrigation, fertilization including manuring and liming



(Lal, 2008). Thus, the prediction of potential responses of soil C to agricul-



tural land-use change and management practices cannot be based entirely on



that of SOC as, for example, SIC stocks in agricultural soils may change by as



much as 1 MgCha�1 yr�1 (Sanderman, 2012). However, for the purposes of



C sequestration by soil carbonate formation, calcium can be used only



once—when it is released from silicates and not when released from preex-



isting carbonate (Monger et al., 2015).



Agricultural practices may alter processes which affect SIC fluxes and



storage. Among those are enhanced mineral weathering as a result of



organic acids present in agricultural soils, calcite precipitation/dissolution,



dolomite dissolution, and changes in dissolved CO2 related to changes in



soil pH (Lal, 2008). However, there is no consensus on the impact of land



management practices in general and of OA practices in particular, on SIC



dynamics. For example, in an irrigated cotton (Gossypium arboreum L.)



agroecosystem in semiarid New Mexico, USA, SIC stocks to 1-m depth



in field plots 3, 6, and 9 years under OA were lower (83.4, 79.8, and



91.6 Mg C ha�1, respectively) than those under conventional agriculture



(111.9 Mg C ha�1; Jacinthe et al., 2011). The fields managed organically



for 3 and 9 years were under alfalfa (Medicago sativa L.)–cotton rotation,



whereas those managed organically for 6 years were primarily under alfalfa,



with occasional plantings of corn (Zeamays L.), chile (Capsicumannuum L.),



and lettuce (Lactuca sativa L.). All three organic fields were moldboard-



ploughed followed by chisel tillage using a 35-cm-deep chisel plough every



year. The manure application consisted of dry chicken pellets and dried



cow manure during the alfalfa crop. All organic fields were irrigated using



furrow irrigation except during the alfalfa crop when flood irrigation was



used. The conventional field was originally under cotton–alfalfa rotation



and continuous cotton during the last 6 years, and was furrow-irrigated and



ploughed similar to the organically managed fields. Liquid fertilizer was



applied at the preplant stage (10-34-0) followed by two applications of urea



ammonium nitrate solution. However, the contribution of the current



farming practices to the SIC stock and its nature were unclear. Further,



this was an on-farm study and the interpretation of the data was challenging.
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For example, it was difficult to quantitatively document material inputs to



study units and to ascertain the similarity of baseline soil characteristics



among sites (Jacinthe et al., 2011).



In North Dakota, USA, SIC stocks to 30.5-cm depth were about 3



times higher in a field under conventional practices than those after 19



years under OA practices (29.5 vs 9.8 Mg C ha�1; Liebig and Doran,



1999). Crop rotation in the conventional field was spring wheat (Triticum
aestivum L.)–sunflower (Helianthus annuus) vis-à-vis that organically man-



aged field included oats (Avena sativa L.)–sweet clover (Melilotus o⁄cinalis
L.)–rye (Secale cereale L.)–sunflower–buckwheat (Fagopyrum esculentum)–
alfalfa (M.sativa L.)–spring wheat–flax (Linumusitatissimum L.)–pearl millet



(Pennisetum glaucum L.). No data were available on the type and rate of



fertilization of the conventional field. However, the organically managed



field received composted cattle manure prior to seeding spring wheat at



the rate of 5.6 Mg ha�1. Differences in SIC stocks between the conven-



tionally and organically managed fields can be explained by different rates



of erosion, with rates being slower on the organic farm due to less



frequent tillage and inclusion of cover crops in the cropping sequence.



However, no differences were observed in SIC stocks to 30.5-cm depth



among similar conventional and organic farms in North Dakota, and also



after 9, 10, and 29 years of OA at farms in Nebraska, USA (Liebig and



Doran, 1999).



The SIC stocks to 15-cm depth of a cropland cultivated with soybean



(Glycinemax L.) inMinnesota, USA, and managed organically for 5 years was



similar to that of a conventionally managed field (21.2 and 24.2 Mg C ha�1;



calculated as the difference between total C and organic C; Phillips, 2007).



Both fields were tilled to 15-cm depth and the organically managed field



received manure whereas the conventional field was fertilized with urea



(0.020 Mg N ha�1, 0.052 Mg P ha�1) and urea + potash (0.179 Mg N



ha�1, 0.067 Mg P ha�1, 0.067 Mg K ha�1; Phillips, 2007).



In a semiarid region in Spain, carbonate contents for 0–10, 10–20, and



20–30 cm depths of irrigated calcareous soils managed organically and



farmed with wheat (Triticum spp.)–oats–peas (Pisum sativum L.) rotation for



18 years were lower (24.01, 24.43, and 26.61%, respectively), than those of



conventionally managed and farmed with a wheat monoculture (32.69,



32.81, and 34.54%, respectively; Romanyà and Rovira, 2007). In contrast,



after farming for 18 years, carbonate contents were comparable among



organically and conventionally managed calcareous soils cultivated to barley



(Hordeumvulgare L.)–fallow rotation system under rain fed conditions in the
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same region (ranging between 28.18% and 30.14%). However, this studywas



conducted as a noncontrolled farm-level experiment making interpretations



rather difficult (Romanyà and Rovira, 2007).



In conclusion, the knowledge about the effects of OA on SIC stocks is



scanty and mainly based on observations in farmer’s fields. However, it has



been hypothesized that OA practices have the potential to alter SIC stocks.



Thus, studies on C dynamics of soils under OA must include studies on SIC



stocks, especially in arid and semiarid regions. Controlled research plot



experiments are needed to determine the effects of OA practices including



irrigation, liming, and addition of animal and greenmanures on SIC dynam-



ics (Ahmad et al., 2015).



3.2 Soil Organic Carbon Stock
The effects of OA on SOC stocks have been studied more than those on SIC



stocks. The rationale behind more emphasis on the former is that adequate



SOC stock management is highly relevant to crop production in organic



farming both from an agronomical and an ecological point of view



(Brock et al., 2011). Specifically, the demand for fresh OM supply to main-



tain soil productivity is higher in OA than in conventional crop production



systems because: (1) mineral fertilizer as an N source for crops and soil



microorganisms is not applied in OA, (2) higher dependence on soil func-



tions and SOC services in OA and, thus, demand for higher SOC stocks



and turnover intensity, and (3) positive correlation between OM supply and



turnover in soils (Leithold et al., 2015). Thus, it has been hypothesized that



core practices of OA including returning plant residues and manures from



livestock back to the land, and/or integrating perennial plants, mainly



grass–clover mixtures, into the system reduces SOC losses, and either main-



tains SOC or even causes an increase in SOC stocks (Gattinger et al., 2012).



For example, compared to conventional systems, a higher SOC stock replen-



ishment due to crop rotations was reported for arable lands under OA in



Austria (Kasper et al., 2015). However, organic yields are on average ∼19%
lower than those under conventional management, and this potentially



results in lower direct plant-derived soil C inputs via rhizodeposition and



decomposition of plant litter (Ponisio et al., 2015). Otherwise, the accumu-



lation of SOC under OA practices despite fewer C inputs and greater soil



tillage compared to conventional systems has been explained by more trans-



formation of plant C into soil microbial biomass (Kallenbach et al., 2015).



Thus, the efficiency and rate at which new C inputs are utilized by soil
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microbes to build microbial biomass and subsequent necromass may be a



potential mechanism for SOC accumulation under OA management.



3.2.1 Comparisons of Conventional and Organic Farming Systems



3.2.1.1 Metaanalyses
Gattinger et al. (2012) reported that SOC stocks of organically managed



top soils (0–15 cm) were on average 3.50 Mg C ha�1 higher than those



under conventional management based on a metaanalysis of a large database



comparing SOC in organic versus nonorganic farming systems. If only the



highest quality data (ie, those based on measured soil bulk densities, and on



measured external C and N inputs) were considered, the increase in SOC



stock under organic management was reduced to 1.98 Mg C ha�1.



Apparently, differences in external C inputs and crop rotations were impor-



tant for the higher SOC stocks under OA. The median age of the farming



system comparisons was 10 years, and the median soil sampling depth was



0–15 cm. However, less than 50% of the data were of high quality (ie,



measured soil bulk density and C and N inputs). Other limitations were the



often missing baseline data on SOC stocks from the initiation of the con-



ventional—organic farming systems comparisons (Gattinger et al., 2012).



Olson et al. (2014) highlighted that pretreatment baseline of soil data are



essential for proper field experimental design. Thus, it was not clear



whether differences in SOC stocks among conventionally and organically



managed plots already existed prior to the start of some of the experiments



(Gattinger et al., 2012). Another limitation was the poor global coverage



on geographical distribution since most of the data were reported from



Australia, Europe, New Zealand, and North America. Finally, the shallow



sampling depth was not sufficient to compare the effects of farming system



on SOC as organic systems integrate perennial plants, mainly grass–clover



mixtures that deposit SOC stocks at deeper soil depths than those generally



studied (Gattinger et al., 2012). Some studies, especially those including



subsoil depths, from tropical regions and from long-term experiments



published since this metaanalysis was performed, will be discussed in the



following section.



A recent metaanalysis comparing conventional and organic farming



systems under Mediterranean croplands indicated that SOC sequestration



rate in top soil (average soil depth 19.4 cm) increased by 0.97 Mg C ha�1



yr�1 under OA compared to those under conventional management



(Aguilera et al., 2013). The SOC increment under OA was greater under
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irrigation than under rainfed conditions (25 vs 13% increase over con-



ventional, respectively). Further, a higher SOC sequestration gain under



OA was achieved with compost than with raw manure, probably as



compost contains more stabilized forms of C. The degree of intensifica-



tion in C input rate was the main driver behind the SOC accumulation



under OA. Nonetheless, it is not known whether the input of biomass-C



brought in from outside the land unit was accounted for or not. This is an



important methodological consideration (Olson et al., 2014). However,



physical, economic, and social constraints contributed to lower applica-



tion rates of OM on farms compared to those for the plot experiments.



Thus, the best OA practices under Mediterranean conditions are not



widely used at organic farms (Aguilera et al., 2013). This metaanalysis



was, however, also limited by shallow soil sampling depth, missing base-



line data, and missing data on soil bulk density. Further, SOC stock



calculation was biased by changes in bulk density, and the short experi-



ment duration (mostly between 3 and 10 years) also contributed to data



uncertainty (Aguilera et al., 2013).



3.2.1.2 Soil Profile Studies
The data from one of the first studies comparing subsoil SOC stocks for



conventional and OA systems after 18 years indicated that latter soils had



lower SOC stocks by 28 Mg C ha�1 in 0–120-cm depth, and by 7 Mg C ha�1



less in the 0–30-cm depth than conventionally managed soils (Fig. 1;



Bell et al., 2012). Further, the OA systems had a higher proportion of the



SOC stock to 120-cm depth in the surface 30 cm (46%) compared with those



under conventional management (42%). Lower C inputs in the OA systems



may have contributed to lower leaching losses as dissolved organic carbon



(DOC) and, thus, to a more shallow SOC stock distribution compared to the



conventional systems (Bajgai et al., 2014). Both agricultural systems were



under annual crop and alfalfa/crop rotations. However, the OA systems



neither received manure nor compost. This, together with lower yields,



may have contributed to lower SOC stocks compared to the conventional



systems. Specifically, over the experimental period of 18 years there was a



positive relationship between total C inputs and SOC stocks for all systems,



that is, each 1 Mg C ha�1 input corresponded to 0.15, 0.36, and 0.60 Mg C



ha�1 increase in SOC stock in 0–30, 0–60, and 0–120-cm depth, respectively



(Bell et al., 2012).



Profile SOC stocks for a range of conventional and organic land-use



systems have been studied in the Los Pedroches Valley, southern Spain.
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The SOC stock to 76.1-cm depth was 73.6 Mg C ha�1 under olive (Olea
europaea L.) groves managed by OA practices for ∼20 years compared with



54.2 Mg C ha�1 to 54.3-cm depth for conventionally managed olive groves



(Lozano-Garcı́a and Parras-Alcántara, 2013). The reduced tillage intensity



under OA compared to conventionally managed and more intensively tilled



olive groves may have partly contributed to this difference. However, soil



profile SOC stocks of dehesas (Mediterranean grassland ecosystem with



scattered oak trees—grazing system withQuercusilex spp. ballota) for two soil
types managed for 20 years by OA including no-till (NT) were not different



from those of conventionally managed and tilled soils (76.4 and 43.3 Mg C



ha�1 vs 74.9 and 44.8 Mg C ha�1 for Cambisols and Letposols, respectively;



Parras-Alcántara et al., 2014). Differences in climate, soil conditions, soil



erosion rates, grazing systems, and water and nutrient management may have



contributed to differences in SOC stocks. Soil profile SOC stocks were also



studied for Cambisols, Luvisols, and Leptosols managed for 20 years under



conventional and organic annual cereal–fallow rotation with the cereal



types durum wheat (Triticum durum) or barley (Hordeum vulgare L.) (Fig. 2;
Parras-Alcántara et al., 2015). The change from conventional to OA man-



agement resulted in higher soil profile SOC stocks. Supposedly, crop residues



deposited on the soil surface decomposing slowly as a result of drier condi-



tions and reducedmineral nutrient availability were not transferred to deeper
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Figure 1 Soil organic carbon stocks (Mg C ha�1) to 120-cm depth 18 years after
establishing farming systems in Manitoba, Canada (Bell et al., 2012).



ARTICLE IN PRESS



16 K. Lorenz and R. Lal











soil layers to the same extent under OA practices than those at the conven-



tionally tilled plots. Specifically, SOC stocks to 82.5 and 103.0-cm depths at



conventionally and OAmanaged Cambisols were 40.5 and 71.0 Mg C ha�1,



respectively. To 111.0 and 97.0-cm depths, Luvisols stored 35.5 and 66.0 Mg



SOC ha�1 under conventional and organic management, respectively.



Further, Leptisols had SOC stocks of 21.3 Mg C ha�1 to 15.0-cm depth



under conventional practices and of 71.4 Mg C ha�1 to 33.4-cm depth



under OA practices (Parras-Alcántara et al., 2015). In conclusion, studies



in the Los Pedroches Valley have shown that it is necessary to study entire soil



profiles to assess the effects of conversions from conventional to OA practices



on SOC stocks (Parras-Alcántara and Lozano-Garcı́a, 2014).



3.2.1.3 Long-Term Experiments
Data from long-term experiments are a prerequisite for reliable conclusions



about the effects of OA practices on SOC stocks, and some results will be



discussed later in the chapter. For example, mean SOC stock changes in Ap



horizons at long-term experiments in Germany and Switzerlandwere highly



variable (Brock et al., 2012). Specifically, values ranged between gains of 240



and 522 kg SOC ha�1 y�1 over 5 years after plot establishment at an exper-



iment in Germany to between losses of 93 kg SOC ha�1 y�1 and gains of
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Figure 2 Profile soil organic carbon stocks (Mg C ha�1) for Cambisols, Luvisols, and
Leptosols after 20 years of farming systems management in southern Spain (Parras-
Alcántara et al., 2015).
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109 kg SOC ha�1 y�1 over 27 years after establishment of an experiment in



Switzerland. However, SOC sequestration rates for conventional and OA



systems at both sites did not differ. In contrast, the data from an 11-year-old



experiment in Germany showed that SOC stock changes in the Ap horizon



at a mixed OA site with cattle were higher than those at a conventional cash



crop farm without animals (1581 vs 216 kg SOC ha�1 y�1, respectively).



Otherwise, Ap horizons in a mixed OA farm with cattle at a 10-year-old



experiment in Germany lost more SOC (ie, 1,947 kg SOC ha�1 y�1) than



those of a mixed conventional farm with cattle (514 kg SOC ha�1 y�1).



Brock et al. (2012) concluded that the impact of agricultural practices on



SOC stocks is not an intrinsic characteristic of any farming system, but rather



the result of the actual structure of the farming system, in particular, of the



composition and management of crop rotations, and the availability and



utilization of organic manure.



At a long-term experiment in Tuscany, Italy, soils farmed to crops under



OA management for 15 years had higher SOC stocks to 30-cm depth than



those under conventional management (27.9 vs 24.5 Mg C ha�1; Lazzerini



et al., 2014). Both systems did not differ significantly in SOC sequestration



rates, with gains of 0.48 Mg SOC ha�1 y�1 for the organic and losses of



0.54 Mg SOC ha�1 y�1 for the conventional system, respectively. However,



the SOC sequestration rates were based on analyses over only 4 years and, thus,



probably over a too short time period. Also, bulk densities were not measured



but estimated adding to uncertainties in the conclusions regarding the effects of



farming practices on SOC stocks (Lazzerini et al., 2014).



Cavigelli et al. (2013) summarized the results from several long-term



agricultural research sites (LTARs) in the United States including compar-



isons of OAwith conventional NT systems. Differences in SOC stocks were



variable between LTARs depending on the level of inputs of biomass-C. For



example, after 18 years SOC stocks to 20-cm depth were similar for a NT



corn–soybean (56.0 Mg C ha�1) and organic corn–soybean–wheat/red clo-



ver (57.6 Mg C ha�1) rotation system in Wisconsin, USA. The C inputs



were about 25% lower in the organic compared to the conventional NT



system due to lower crop residue yields in the organic system, suggesting that



the form or placement of C inputs may have impacted the SOC stocks.



Otherwise, after 11 years, SOC stocks to 1-m depth in corn–rye–soybean–



wheat/legume rotations was 11% more in a manure-based OA (60.8 Mg



C ha�1) than in soil under a conventional NT system (54.9 Mg C ha�1).



Inputs of biomass-C to the soil were more in the OA than those under the
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NT system, largely due to manure and/or compost additions. The results



indicated that tilling under sufficient quantities of organic materials, partic-



ularly manure, into soil may be a more effective means of increasing SOC



stocks than merely eliminating tillage (Cavigelli et al., 2013).



3.2.1.4 Organic Fertilizers
Input of biomass-C with a low C:N ratio applied as commercial organic



fertilizers in an organic crop farm in the southern Piemonte region, Italy, in



which green manuring was also used, were not efficient in enhancing SOC



(Sacco et al., 2015). Specifically, SOC stocks to 35-cm depth 6 years after



conversion to OAwere reduced by 12.7 Mg C ha�1 compared with reduc-



tion of 7.5 MgC ha�1 in an organic livestock farm cropping system in which



nutrients were supplied from farmyard manure, and lower by 16.3 Mg C



ha�1 under conventional practices. However, the differences were only



significant between the OA system receiving farmyard manure and the



conventional system. Thus, farmyard manure better contained the depletion



in SOC stocks (Sacco et al., 2015).



3.2.1.5 Tropical Regions
After >7 years under OA practices, SOC stocks to 25-cm depth for coffee



(Co¡eaarabica L.) agroforestry systems in Costa Rica tended to be higher than



those under conventional practices (73.0 vs 53.1 Mg C ha�1, Häger, 2012).



This trend may be due to more trees per hectare at the OA systems which



significantly differed in stature and average wood density from those at the



conventional farms. Further, organic management relied on soil improve-



ment by incorporating vegetation elements, the application of organic



amendments, green manure, and erosion barriers. However, baseline data



on SOC stocks at the time of the conversion to OA management were not



recorded. Also, no detailed information on soil texture was available and



neither was the information on the depth distribution of SOC stocks. These



factors might confound elucidating the true effect of farm type on the SOC



storage (Häger, 2012).



3.2.2 Comparisons of Organic Farming Systems



3.2.2.1 Long-Term Experiments
After “organic” management for 50 years, SOC stocks to 40-cm depth at



two long-term fertility experiments in Sweden were lower without (62.1 and
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85.4 Mg C ha�1 at Fors and Őrja, respectively) than with farmyard manure



fertilization (66.2 and 88.9 Mg C ha�1 at Fors and Őrja, respectively;



Kirchmann et al., 2013). Soils without mineral N fertilization also had lower



SOC stocks than those with mineral N fertilization (51.0 and 68.2 Mg



C ha�1 at Fors and Őrja vs 60.4 and 85.4 Mg C ha�1 at Fors and Őrja,



respectively). Thus, less C input through crop residues from low-yield



treatments (ie, organic systems without N fertilization) provided less inputs



for SOC formation (Kirchmann et al., 2013).



The SOC stocks to 15-cm depth of the winter wheat phase of arable crop



rotations did not differ between farms that have been under conventional or



organic management in Austria since the last 16 years (van Leeuwen et al.,



2015). Specifically, SOC stocks were 28.0 and 25.7 Mg C ha�1 for the



conventional and organic systems, respectively.



3.2.2.2 Livestock Husbandry and Animal Manure
Livestock husbandry may be important in reducing the detrimental effects of



arable OA practices on SOC stocks. For example, after 11 years under OA,



SOC stocks to 30-cm depth at a crop farm with cash crops in Germany were



lower than those at a mixed farm with animal husbandry (47.9 vs 54.1 Mg C



ha�1), but not different from those at a farm with rotational ley without



animals (51.3 Mg C ha�1; Schulz et al., 2014). However, SOC stocks at



30–60 and 60–90-cm depths were comparable among OA practices as the



duration of the experiments was probably not long enough to alter SOC



stocks in the subsoil (Schulz et al., 2014).



3.2.2.3 Soil Tillage and Green Manure
Reducing and/or eliminating tillage mayminimize the detrimental effects of



OA practices on SOC stocks. For example, SOC stocks to 10-cm depth in



>5-year-old organic olive farms in Spain were lower when managed by



tillage compared to those managed by mowing (18.6 vs 59.3 Mg C ha�1;



Soriano et al., 2014). In comparison, the SOC stock in 0–10-cm depth at



nearby natural areas was 67.8 Mg C ha�1. Further, the OA practices with



tillage or mowing had lower SOC stocks at 10–20-cm depth compared to



those under natural areas (13.6 and 18.6 Mg C ha�1 vs 36.8 Mg C ha�1,



respectively; Soriano et al., 2014). Otherwise, reduced tillage, and reduced



tillage with green manure at organic rainfed almond (PrunusdulcisMill) farms



in the Murcia Region (southeast Spain) led to an increase of ∼48% in the



SOC stock to 15-cm depth after 4 years of establishment at one of the sites



(Almagro et al., 2013). At another site, the incorporation of green manure
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resulted in a significant increase of ∼26% in the SOC stock to 15-cm depth



compared to that under reduced tillage without green manure.



Besides reducing tillage depth, another approach to reduce detrimental



tillage effects of OA practices on SOC stocks may be changing the mode or



type of tillage. For example, in a 12-year trial at a mixed organic farm in



Germany with a typical crop rotation, SOC stocks to 60-cm depth were 75,



83, 91, and 93 Mg C ha�1 under double-layer plow, deep moldboard plow,



shallow moldboard plow, and chisel plow, respectively (Zikeli et al., 2013).



Positive effects on SOC stocks by replacing conventional tillage (CT) in



organic vegetable farming with NTand weed cover mulching were reported



by Yagioka et al. (2015). Specifically, during the first 3 years after the



establishment of the farming practice, the rate of change of SOC to 30-



cm depth under CTwere –4.14 and –3.13 Mg C ha�1 y�1 depending on N



fertilization levels compared with those of 0.17 and 0.39 Mg C ha�1 y�1



under NT along with weed cover mulching (Yagioka et al., 2015).



3.2.2.4 Organic Fertilizers
The choice of organic fertilizers is an important issue in organic vegetable



production. For example, adding similar amounts of compost-C to organic



lettuce (Lactucasativa var. longifolia Lam. cv. Bacio) by applying compost made



from olive pomace mixtures either stopped at the active phase or processed



until maturation resulted in a loss of 0.20 Mg SOC ha�1 or an increase by



3.04 Mg SOC ha�1 to 30-cm depth over 3 years (Montemurro et al., 2015).



In contrast to amendments with high C:N ratios, the use of mature compost



from a mixture with a low C:N ratio appeared to be the most suitable for



organic lettuce production.



In conclusion, SOC stocks in the surface soil can be higher under OA



than those under conventional practices, but changes in subsoil SOC stocks



are not widely studied. Specifically, the effects of OA practices on SOC



stocks depend on climate, soil conditions, soil erosion rates, grazing systems,



and water and nutrient management. Since yields under OA systems are



lower, direct soil C inputs are also lower compared to those under conven-



tional systems. Thus, crop rotations along with the use of legume–grass leys,



manure application, and animal husbandry are important practices of reduc-



ing SOC losses under OA. However, properly designed long-term experi-



ments including baseline data on profile SOC stocks for the conventional–



organic systems comparisons, measurements of soil bulk density, and



equivalent soil mass calculations are needed to credibly assess the effects of



OA on SOC stocks.
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4. SOIL-DERIVED GREENHOUSE GAS FLUXES UNDER
ORGANIC AGRICULTURE



Agricultural systems emit GHGs from: (1) fossil fuel use in machinery,



(2) enteric fermentation, (3) the management of agricultural soils, (4)



manure deposited on pasture, (5) synthetic fertilizers, (6) rice (Oryza sativa
L.) cultivation, (7) manure management, (8) crop residues, (9) biomass



burning, and (10) manure application (Smith et al., 2014). Specifically,



organic and inorganic materials applied to agricultural soils are decomposed



through biotic processes, releasing significant amounts of CO2, CH4, and



nitrous oxide (N2O) to the atmosphere. However, CO2 emissions or uptake



from agricultural SOC management are only a small portion of the total



forest and other land use (FOLU) emissions, and, thus, are not reported to



United Nations Framework Convention on Climate Change (UNFCCC)



under current climate agreements, and are typically not included in regional



or global GHG estimates (Tubiello et al., 2013). Otherwise, annual total



non-CO2 GHG emissions from agriculture in 2010 were estimated at



5.2–5.8 GtCO2eq y�1, comprising about 10–12% of global anthropogenic



emissions (Smith et al., 2014). The enteric fermentation and agricultural



soils represented together about 70% of total emissions, followed by paddy



rice cultivation (9–11%), biomass burning (6–12%), and manure manage-



ment (7–8%). Paddy rice cultivation was a major source of global CH4



emissions, which in 2010 were estimated at 493–723 MtCO2eq y�1



(Smith et al., 2014). From 2000 to 2010, cattle contributed the largest share



(ie, 75% of the total emissions from enteric fermentation), followed by



buffalo, sheep, and goats (FAOSTAT, 2013). Manure deposited on pastures



led to far larger emissions than that applied to soils. Further, two-thirds of the



total manure emissions came from grazing cattle, with smaller contributions



from sheep and goats. However, considering current trends, synthetic ferti-



lizers will become a larger source of GHG emissions in less than 10 years than



manure deposited on pasture, and it will be the second largest of all agricul-



tural emission categories after enteric fermentation (Smith et al., 2014).



It is often assumed that OA is associated with lower levels of GHG



emissions (McGee, 2015). However, this assumption cannot be generalized



as crop yields under OA can be lower than those under conventional systems,



on-farm energy use can be higher on organic farms, and production and



delivery of large quantities of organic fertilizer can contribute to high GHG



emissions in some organic systems. Further, higher GHG emissions in OA
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may not be offset by those of conventional farming associated with the



manufacture of synthetic fertilizers and pesticides. McGee (2015) reported



that increase in certified organic farming in the United States is increasing



both the total amount of GHG emitted from agricultural production and the



intensity of GHGs emitted per hectare of agricultural land. Thus, OA



practices applied at the scale of conventional agricultural production may



emit more GHG than conventional farming due to lower agronomic yields



and heavy reliance on machinery (McGee, 2015).



Structural variables affecting GHG emissions for conventional and OA



systems have been compared bymetaanalysis (Lee et al., 2015). In about two-



thirds of 195 observations, OA had lower GHG emissions than conventional



farming. Further, OAwas superior to conventional farming regarding GHG



emissions for field crops, dairy, andmixed crop farms. Contrarily, OAwas less



likely to be superior in GHG emissions for livestock, vegetable, and fruit



farms. However, superior GHG emission effects for OAwere highly depen-



dent on the unit or basis of measurement. Output-based (ratio/Mg) mea-



sures significantly reduced the superiority of GHG emissions effects for OA



in comparison to area-based (ratio/ha) measures due to yield differences.



Among limitations of this metaanalysis was the narrow geographical distri-



bution becausemost studieswere fromEurope, and did not consider nutrient



spillover effects in conventional–organic conversions (Lee et al., 2015).



The magnitude of soil-derived GHG fluxes affected by OA are discussed



in the following section. These practices include the avoidance of synthetic



fertilizers, management of grazing animals, and animal manure, crop residue



and green manure management, and soil tillage for controlling weeds and



incorporation of manure and crop residues.



4.1 Carbon Dioxide
Published data on direct measurements of CO2 emissions from paired con-



ventional and OA experiments are scanty. Indirectly, the contribution of OA



practices to the atmospheric CO2 concentration can be estimated by assessing



changes in soil C stocks. For example, a metaanalysis by Gattinger et al. (2012)



reported the maximum SOC sequestration potential of 1.65 Mg CO2 ha
�1



y�1 in the top 20-cm layer by the adoption of OA practices. However, rates of



SOC sequestration were uncertain because only arable and vegetable land-use



types were compared, only 6 out of 8 climate zones were considered, and no



data from Africa were available (Gattinger et al., 2012). There were also



uncertainties in data about additional 3.56 Mg CO2 ha
�1 y�1 sequestered in
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some soils of Mediterranean OA farming systems compared to those under



conventional management (Aguilera et al., 2013). Some studies reporting



direct CO2 emissions from agricultural soils for organic–conventional com-



parisons, and from studies comparing different OA practices will be discussed



later.



4.1.1 Comparisons of Conventional and Organic Farming Systems
Kontopoulou et al. (2015) monitored CO2 emissions under irrigated con-



ventional and irrigated OA management of common bean (Phaseolusvulgaris
cv. “contender”) under Mediterranean climate. The cumulative CO2 emis-



sions in the 84-days cropping period were higher under OA (2.5 and 2.8 Mg



CO2–C ha�1 for high and low-salinity irrigation water, respectively) than



those under conventional management (2.1 and 2.3 Mg CO2 ha
�1 for high-



and low-salinity irrigation water, respectively). The higher rates of CO2



emission in the OA may have arisen from respiration of added compost.



Application of compost may have also improved: (1) soil structure and the



continuity of pore space, (2) root penetration and flow of water and gases,



thereby promoting OM decomposition, and (3) root exudation and, thus,



microbial activity which may have enhanced microbial respiration in the



rhizosphere (Kontopoulou et al., 2015).



Five years after establishing conventional and OA fruit production sys-



tems in Belgium, the soil CO2 efflux measured over four short periods



between May and Oct. was higher in the OA orchard compared to the



conventionally managed orchard (Jamar et al., 2010). However, data vari-



ability was also high.



4.1.2 Comparisons of Organic Farming Systems
Within the first 3 years after conversion to OA, annual CO2 emissions from



OA rotations including pumpkin (Cucurbita spp.) as the main crop, andmixed



cropping of okra (Abelmoschusesculentus L.), bell pepper (Capsicumannuum L.),



and eggplant (Solanummelongena L.) did not differ from that under control



without fertilization and the treatment receiving organic amendments



(Yagioka et al., 2015). Among OA systems, annual emissions in NTwith



weed cover mulching and conventional till were 4.43 and 3.99 Mg CO2–C



ha�1 y�1, respectively in 2011 compared with 4.24 and 3.26 Mg CO2–C



ha�1 y�1 in NTwith weed cover mulching and conventional till in 2012,



respectively (Yagioka et al., 2015).



Growing-season CO2 evolution rates did not differ among semileafless



field peas (P.sativum L. var. Santana KWS, Einbeck) and oats (A.sativa L. var.
Dominik) grown under OA as sole crops or as intercrops, and were also not
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affected by three fertilizer treatments (Jannoura et al., 2014). However, CO2



effluxes among fertilizer treatments, averaged over all cropping systems, were



different at 4.8, 9.4, and 6.4 Mg CO2–C ha�1 for 133 days from the control,



horse manure, and yard-waste compost treatments, respectively. Higher



proportions of more readily decomposable biomass-C in horse manure



may have contributed to the high CO2 emissions for this fertilizer treatment



(Jannoura et al., 2014).



The annual CO2 emissions from OA rainfed almond farms under



reduced tillage with green manure, reduced tillage, and NTwere similar at



518, 495, and 465 g C m�2 y�1, respectively (Almagro et al., 2013). Green



manuring was expected to enhance CO2 emissions because of higher C and



N inputs, and increased microbial biomass. However, the formation of



aggregates and their stabilization may also have been enhanced by green



manuring along with increase in physical protection of SOC, thereby



decreasing CO2 emissions compared to soils under reduced tillage without



green manure (Almagro et al., 2013).



In Denmark, Vinther et al. (2004) studied the impacts of crop rotations



and input of OM in the form of green manure crops, straw residues, and



incorporation of catch crops on soil respiration in unfertilized crop rotations



with varying input of plant residues. Specifically, high-input rotations with a



grass–clover crop and catch crops included were compared to low-input



cereal rotations without catch crops. Soil respiration during the growing



period varied considerably 4 years after the rotations were established.



However, soil respiration did not differ between high- and low-input rota-



tions with values ranging between 4.3 and 5.4 Mg CO2–C ha�1 during the



growing period (Vinther et al., 2004).



At another site in Denmark, soil CO2 emissions were studied during



several monitoring periods for an OA rotation including barley undersown



with grass–clover, 2 years of grass–clover and winter wheat with the N2-



fixing grass–clover mixture used as green manure by soil incorporation



before sowing of the subsequent maize crop (Carter et al., 2012). The



cumulative soil CO2 emissions obtained by linear interpolation between



measurements increased in the order unfertilized < digested slurry + mai-



ze < raw slurry < green manure. Specifically, emissions from the unfertil-



ized plots were 259 and 235 g Cm�2 in 2007 and 2008, respectively, and 445



and 444 gCm�2 in 2007 and 2008, respectively, for the plots receiving green



manure. However, although green manure gave rise to the highest soil CO2



emission, yet this treatment led to the highest near-term C sequestration



potential among the three treatments (Carter et al., 2012).
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4.2 Nitrous Oxide
The generally lower N input level for soils under OA compared to those



under conventional management practices supports the expectation of lower



soil N2O emissions (Muller and Aubert, 2014). However, scientific evidence



in support of this perception is scanty. Skinner et al. (2014) performed the



first systematic literature review of pair-wise comparisons of organic and



conventional farming systems followed by a metaanalysis of reports covering



at least one annual measurement period. Soils under OA emitted N2O at



rates of 492 kg CO2 eq. ha
�1 y�1, that is, at lower rates than those managed



conventionally. This corresponded to saving of 1.05 kg N ha�1 y�1 due to



less N loss in form of N2O emissions. The emissions reduction under OA



practices may have been mainly due to significant reductions under arable



cropping (497 kg CO2 eq. ha
�1 y�1) corresponding to 1.06 kg N ha�1 y�1,



but comparative studies for grasslands and rice paddies were scanty. Lower N



inputs were applied to organically managed soils, and N sources (ie, organic



fertilizers and legumes) were less available compared to soils managed by



conventional practices (Muller and Aubert, 2014). However, in the meta-



analysis, no relationship between N inputs and N2O emissions was observed



for OA practices. Thus, Skinner et al. (2014) hypothesized that due to the



delayed release of mineral N from organic sources a substantial part of the



resulting N2O emissions may become effective later than the vegetation



period under study. Another possible explanation for the missing relation-



ship may be the levels of background emissions, that is, the N2O release from



the mineralization of OM which may exceed the N2O release by N input



from the present year. Scaled to crop yields, themetaanalysis revealed 42.4 kg



CO2 eq. Mg�1 dry matter (DM) more N2O emitted from organically



managed soils, but the database was rather weak. The yield gap between



OA and conventional farming management was 26%. In conclusion, some



evidence was available for lower N2O emissions from OA managed soils



when scaled to the area of cultivated land but higher emissions when crop



yield-scaled (Skinner et al., 2014). In the following section some compara-



tive studies not included in the metaanalysis, and comparisons of different



OA practices will be discussed.



4.2.1 Comparisons of Conventional and Organic Farming Systems



4.2.1.1 Metaanalyses
A metaanalysis of studies, mainly from Europe, was limited as many



studies reported only single measurement without standard deviations
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(Mondelaers et al., 2009). Accordingly, N2O emissions per unit area were



lower under OA compared to those under conventional practices. By extend-



ing the database and including only studies from Europe, Tuomisto



et al. (2012) reported that median N2O emissions were 31% lower from



OA systems per unit of field area mainly because of lower N inputs compared



to that under conventional systems. Otherwise, median N2O emissions under



OA were 8% higher per unit of product (Tuomisto et al., 2012).



4.2.1.2 Organic Fertilizers
In a perennial apple (Malus domestica Borkh., 1803) orchard, soil N2O



emissions from OA plots fertilized either with composted chicken manure



or alfalfa meal did not differ in the month following fertilizer application



from those of conventional plots fertilized with Ca(NO3)2 (Kramer



et al., 2006). However, denitrification efficiency under OA was enhanced



probably because of: (1) increased C inputs from grass roots and fertilizer;



(2) higher SOC and N contents; (3) larger, more active microbial com-



munities; and (4) differences in the functioning of the denitrifier commu-



nities (Kramer et al., 2006).



Cumulative N2O emissions during winter at plots cultivated with soy-



beanwere higher for manure-amended organic plots (1.63 kgN2O–Nha�1)



than those from unamended and conventionally managed plots (0.64 kg



N2O–N ha�1; Phillips, 2007). However, more studies are needed on inter-



actions between timing of application of organic amendment and N2O



emissions for developing strategies for optimum N conservation in OA.



Further, as large emission spikes can occur on short time frames, appropriate



sampling strategies are prerequisite for calculating annual N2O emissions



(van der Weerden et al., 2000; Smukler et al., 2012).



4.2.2 Comparisons of Organic Farming Systems



4.2.2.1 Organic Fertilizers
Seasonal N2O emissions of grazing land and cropland (without manure)



organic arable farming rotations were measured between 2006 and 2009



during relatively wet seasons in eastern Scotland (Ball et al., 2014). Therewas



appreciable variability in fluxes of N2O measured across sites and seasons.



The N2O emissions from the arable land (1.9 and 3.0 kg N2O–N ha�1 in



2006 and 2007, respectively) exceeded those from the grass–clover (0.8 and



1.1 kgN2O–N ha�1 in 2006 and 2007, respectively). However, wet weather



delayed manure applications in 2008 and emissions from the grass–clover
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increased to 2.8 kg N2O–N ha�1. Nevertheless, organic grassland provided



the most effective overall mitigation of N2O emissions (Ball et al., 2014).



The effects of grass–clover management on N2O emissions were studied



for about 1 year in an organic arable land rotation on a sandy loam soil in a



cool temperate climate (Brozyna et al., 2013). Mean annual N2O emissions



including all crop rotations did not vary among manure treatments.



However, emissions were higher for spring barley (ie, 1.4 kg N2O–N



ha�1 y�1) after plant material from grass–clover cuts was left in the field to



decompose and no fertilizer or manure was applied to any crop in the



rotation compared to those when plant material from grass–clover cuts was



harvested and equivalent amounts of N in digested manure were used for



fertilization of food crops in the rotation [spring barley, potato (Solanum
tuberosum L.) and winter wheat; 0.9 kg N2O–N ha�1 y�1]. Further, large



N2O emissions were obtained after spring incorporation of cover crop and



grass–clover residues as recently incorporated N-rich residues of legume-



rich cover crops and grass–clover appear to have been the main driver of



N2O emissions. Cover crops and grass–clover are normally promoted to



increase soil fertility and crop N supply in OA. However, they apparently



also considerably increase the risk of N2O emissions and may, thus, from a



GHG perspective, counteract the positive effects of cover crops and green



manure crops in maintaining SOC stocks. Thus, there is a need to further



study how N2O emissions can be reduced in organic farming systems



(Brozyna et al., 2013).



Carter et al. (2012) studied the effects of the organically managed biofuel



feedstocks, such as, dried straw of sole cropped rye, sole cropped vetch (Vicia
villosa Roth cv. Latiga), and intercropped rye–vetch, as well as fresh grass–



clover and whole crop maize on N2O emissions during two measurement



periods within 2 years. When pooling the N2O emissions from the rye crop



in the two periods, emissions from the plots fertilized with raw cattle slurry



or a mixture of digested slurry and maize were similar to those at the



unfertilized control (368 and 388 mg N m�2, respectively). Concerning



total N2O emissions from maize plots, application of green manure more



than doubled the emissions (235 and 277 mg N m�2 in 2008 and 2009,



respectively) compared to the unfertilized control (106 and 88 mg Nm�2 in



2008 and 2009, respectively). An even further increase occurred in plots



fertilized with either raw slurry (total emissions of 641 and 670 mgNm�2 in



2008 and 2009, respectively) or digested slurry + maize (total emissions of



943 and 444 mg N m�2 in 2008 and 2009, respectively). Among the unfer-



tilized plots, the largest loss of N2O occurred from the vetch plots
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(cumulative emissions per period between 45 and 719 mg Nm�2). This risk



of high N2O emissions from sole cropping of vetch should be avoided



(Carter et al., 2012).



Nadeem et al. (2012) monitored N2O emissions of an ungrazed organic



cereal production system consisting of grass–clover undersown in spring



barley, and a full-year grass–clover ley followed by a spring barley crop. In



general, green manure ley (mulched or harvested) increased N2O emissions



relative to a cereal reference with low mineral N fertilization. Specifically,



during the 204-days measurement period N2O emissions decreased in



the order green manure mulched (3.26 kg N2O–N ha�1) > green manure



harvested (2.89 kg N2O–N ha�1) > cereal (2.41 kg N2O–N ha�1;



Nadeem et al., 2012).



The N2O emissions decreased by 38% for an arable organic ungrazed



cropping systemwhen crop residues and the clover–grass ley were harvested,



digested, and the effluents reallocated within the same cropping system, in



comparison to mulching and incorporation of the biomass as green manure



(Möller and Stinner, 2009). Specifically, emissions as sum of the season



between two successive summers were 2.9 kg N2O–N ha�1 for ungrazed



management, and crop residue incorporated in the field including clover–



grass ley and cover crops. Under ungrazed management with digestion of



field residues and crop residues harvested (inclusive clover–grass ley),



digested, and effluents reallocated as manure within crop rotation, N2O



emissions were 1.8 kgN2O–N ha�1. Further, injection of liquid cattle slurry



resulted in a strong increase of N2O emissions (Möller and Stinner, 2009).



Ball et al. (2007) studied how ploughing date of grass–clover leys within



an organic ley–arable rotation and timing of cessation of grazing before



ploughing affects N2O losses of the first cereal crop. Cumulative N2O



emissions were the highest (∼8 kg N2O–N ha�1 over 17 months) after



cessation of grazing in spring before ploughing, and the lowest (∼5.5 kg
N2O–N ha�1) after cessation of grazing in winter before ploughing. As



emissions increased with temperature and rainfall, Ball et al. (2007) recom-



mended to restrict tillage operations to cool, dry conditions, and being aware



of possible soil compaction which may also promote denitrification.



Within an organic ley–arable rotation including FYM application, N2O



fluxes were not different in the ley and arable phases and in organic perma-



nent grass (Loliumperenne L.) ranging between 2.9 and 3.0 kg N2O–N ha�1



y�1 throughout the 3-year phase duration (Ball et al., 2002). However, some



N2O losses from the arable component were relatively high, and seasonal



rainfall had a major influence on cumulative emissions of N2O.
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4.2.2.2 Catch Crops
Li et al. (2015) studied the effects of legume-based and nonlegume-based



catch crops (cover crops) on soil N2O emissions in an organically managed



spring barley system for 1 year. The annual N2O emissions from all catch



crop treatments were comparable ranging between 527 g N2O–N ha�1 y�1



for perennial ryegrass and 815 g N2O–N ha�1 y�1 for red clover–ryegrass



when catch crops were harvested in fall. Further, emissions ranged between



509 g N2O–N ha�1 y�1 for perennial ryegrass and 841 g N2O–N ha�1 y�1



for red clover when catch crops were incorporated by ploughing in spring.



The exception was fodder radish (Raphanussativus L., cv. Lunetta) treatment



which had the highest annual emissions (1714 and 1180 g N2O–N ha�1 y�1



either harvested or incorporated, respectively). Fodder radish had also the



highest yield-scaled emissions (635 and 363 g N2O–N Mg�1 harvested or



incorporated, respectively), whereas legume-based catch crop treatments



tended to have the lowest emissions (168–204 g N2O–N Mg�1).



Li et al. (2015) concluded that in comparison with nonlegume-based catch



crops, legume-based catch crops have the potential to partly replace the



manure application in organic cropping systems without causing higher



N2O emissions.



4.2.2.3 Tillage
Tillage effects on gaseous emissions vary among farming systems, soil type,



and climate. For example, in a mixed cropping system, tillage and fertilizer



management had no effects on monthly N2O emissions for fertilized and



unfertilized NTwith weed cover mulching and CT during a 3-year obser-



vation period (Yagioka et al., 2015). Further, annual N2O fluxes ranged



between –0.035 and 0.310 kg N2O–N ha�1 y�1. However, CT showed



higher N2O emissions after tillage, and a higher soil nitrate content to 30-cm



depth may have contributed to the enhanced denitrification compared to



NT (Yagioka et al., 2015).



4.3 Methane
The CH4 sink function of drained or well-aerated soils is based on the



activity of specific CH4- and ammonium oxidizing bacteria, and on site-



specific conditions (Skinner et al., 2014). Specifically, CH4 uptake is cor-



related negatively with soil moisture since it regulates the diffusion of



atmospheric CH4 into the soil. High mineral N contents in soil (ammo-



nium and nitrate) suppress CH4 uptake. Well-aerated agricultural soils can
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also turn into CH4 sources for a certain period of time if, for example,



cattle manure rich in OM and rumen-derived methanogens is regularly



applied or if the soil is strongly compacted. However, rice paddies and



waterlogged anaerobic systems are emitters of large amounts of CH4 pro-



duced by methanogenic Archaea. Rice is usually grown in flooded condi-



tions for weed management, and under these conditions anaerobic micro-



bial decomposition of OM and organic fertilizers leads to CH4 emissions



(Muller and Aubert, 2014).



The lower N input level in OA systems compared to nonorganic systems



supports the hypothesis of enhanced CH4 uptake in organically managed



soils (Skinner et al., 2014). Thus, soils under organic management take-up



more CH4 than those under conventional management (–0.61 vs –0.54 kg



CH4–C ha�1 y�1), corresponding to GHG mitigation of 20.2 and 18.0 kg



CO2–eq. ha
�1 y�1, respectively. The lower CH4 uptake by conventionally



managed soils may be explained by higher mineral N contents in the soil



solution compared to those under OA management which may suppresses



the activity of the relevant enzymes for microbial CH4 oxidation. In contrast,



CH4 emissions from rice paddies are a strong CH4 source under both



management systems, accounting for 6023 kg CO2 eq. ha�1 y�1 under



organic and 4857 kg CO2 eq. ha
�1 y�1 under conventional management.



However, this observation was based on only one study with three compar-



isons, and, apparently, organic fertilizer applied in the OA system favored



CH4 production from the anaerobic decay of OM in rice paddies whereas



the conventional systems did not receive organic fertilizer (Skinner



et al., 2014). Thus, CH4 emissions from organic fertilizers are a particular



challenge for OA (Muller and Aubert, 2014). However, because of a small



number of studies covering annual measurements, farming systems impact



on soil CH4 fluxes in rice paddies and upland agricultural soils could not be



differentiated by metaanalysis (Skinner et al., 2014). Studies published after



the metaanalysis was performed, and those comparing different OA systems



will be discussed in the following section.



4.3.1 Comparisons of Organic Farming Systems



4.3.1.1 Organic Fertilizers
Anaerobic digestion of cattle slurry and maize silage can reduce slurry-



derived soil CH4 emissions from organically managed fields used for biofuel



feedstock production (Carter et al., 2012). Specifically, soils under maize



crop amended with raw slurry lost 2.2 mg CH4–C m�2 whereas those
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amended with a mixture of anaerobic digested slurry and maize oxidized



–0.2 mg CH4–C m�2. However, this positive effect was only observed in



one of two study years. The CH4 emissions closely followed the amount of C



applied being a source for methanogenesis. However, CH4 was a negligible



GHG source compared to N2O emission (Carter et al., 2012).



Annual CH4 oxidation rates were ∼60% higher under organic



ungrazed management, crop residue incorporated in the field including



clover–grass ley and cover crops (1.158 kg CH4–C ha�1 y�1), compared to



harvesting crop residues, digesting clover–grass ley and reallocating the



effluents within the same cropping system without (0.441 kg CH4–C



ha�1 y�1), and with external inputs (0.514 kg CH4–C ha�1 y�1; Möller



and Stinner, 2009). Further, the influence of crop type or manuring on soil



CH4 uptake was negligible. However, CH4 oxidation was reduced after



reallocation of effluents to spring wheat probably due to a higher N supply



as it has been shown that NH4
+ substantially reduces CH4 oxidation



(Möller and Stinner, 2009).



4.3.1.2 Tillage
Type of tillage and surface conditions can strongly impact methanogen-



esis. For example, in a mixed organic cropping system, CH4 uptake over 3



years did not differ between NT with weed–cover mulching and CT



(ranging between –0.108 and –1.738 kg CH4–C ha�1 y�1; Yagioka



et al., 2015). However, CH4 uptake under NT tended to increase with



time as OM inputs by weeds caused an increase in air-filled porosity and a



decrease in bulk density both contributing to increased CH4 uptake



(Yagioka et al., 2015).



In conclusion, published direct measurements of soil CO2, N2O, and



CH4 emissions from paired conventional and OA field experiments are



scanty, and often performed only in temperate regions. Net CO2 emissions



from soils under OA may be lower than those for conventional practices but



increased CO2 efflux may occur from OA managed soil after addition of



organic fertilizers. Some evidence was found for lower N2O emissions from



OAmanaged soils when scaled to the area of cultivated land but higher N2O



emissions when crop yield-scaled. However, there may be a trade-off for OA



as higher SOC stocks may correlate with higher N2O emissions (Muller and



Aubert, 2014). Further, the net CH4 emissions from OA managed soils may



be lower than those from conventionally managed soils. However, it is



unclear whether organic rice cultivation results in higher soil CH4 emissions



compared to conventional rice cultivation.
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5. EFFECTS OF ORGANIC AGRICULTURE ON YIELD



Agronomic yields forOA are presumably lower than those achieved by



conventional agricultural practices as soluble mineral inputs are prohibited,



and synthetic herbicides and pesticides are prohibited in favor of natural



pesticides (Trewavas, 2001). However, yield differences between organic



and conventional practices are highly contextual, depending on system



and site characteristics, but the factors limiting organic yields are not fully



understood (Seufert et al., 2012). Thus, with increased experience and



timely weed management, organic yield performance has been shown to



improve at several long-term organic comparison trials in the United States



(Delate et al., 2015). The addition of manure, along with legume forages/



cover crops, in long-term organic fertility schemes has proven essential for



sufficient soil quality to support optimal yields across sites. Recently,



Ponisio et al. (2015) reported a more robust estimate of the gap between



organic and conventional yields compared to previous metaanalyses. This



approach was based on a hierarchical metaanalytic framework that overcame



the methodological pitfalls of other studies by accounting for both the



multilevel nature of the data and the yield variation within studies.



Further, a more extensive and up-to-date metadataset was compiled, com-



prising over 3 times the number of observations of any of the previous



analyses (Ponisio et al., 2015).



Ponisio et al. (2015) estimated that organic yields were on average 19.2%



lower than conventional yields despite historically low rates of investment in



organic cropping systems. However, the overrepresentation of specific prac-



tices or crops in the dataset may have excessively influenced and biased this



estimate. For example, cereal crops, which exhibited the greatest difference



in yield of the crop types between organic and conventional systems, were



greatly overrepresented (53% of comparisons). The observation that cereal



productivity (including wheat, barley, rice, and maize) is lower under OA is



of interest because of the importance of cereals in the human diet and their



predominance in cultivated land area. However, the large yield difference



between organic and conventional farming systems for cereals is not surpris-



ing, given the extensive efforts since the Green Revolution to increase cereal



yields by breeding high-yielding cereal varieties adapted to conventional



inputs. Another limitation in the dataset was thatmany comparisons between



OA and conventional agriculture use modern crop varieties selected for their



ability to produce under high-input (conventional) systems. Such varieties
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are known to lack important traits needed for productivity in low-input



systems, potentially biasing toward finding lower yields in organic versus



conventional systems. In contrast, fewmodern varieties have been developed



to produce high yields under OA. The development of such breeds would be



an important step toward reducing yield gaps. Another limitation was that



apparently the available literature was favoring studies reporting higher



conventional than OA yields, and, thus, the yield gap reported may have



been an overestimation (Ponisio et al., 2015).



The yield ratios (OA yield/conventional yield) of most crop types did



not vary among one another (Ponisio et al., 2015). However, yield ratios



for apple (M. domestica Borkh., 1803), maize, oat, soybean, and tomato



(Solanum lycopersicum L.) were higher than those for barley, potato, and



wheat. Otherwise, no differences in yields for leguminous and nonlegu-



minous crops nor for perennials and annuals were observed nor between



the yield gaps for studies conducted in developed versus developing coun-



tries. When N inputs were similar between organic and conventional



treatments, the yield gap was 9% but the yield gap was 30% when N inputs



were greater in conventional treatments. When N inputs were higher in



the OA treatments, the yield gap was intermediate (17%) and marginally



different from the yield ratio with similar N input. Similarly, low-input



conventional systems had a smaller yield gap than high-input systems



(Ponisio et al., 2015).



Ponisio et al. (2015) concluded that the yield underOAmay be improved



by management practices that diversify crop fields in space or over time, that



is, multicropping systems and crop rotations. This was based on the obser-



vation that the yield gap between organic polycultures and conventional



monocultures (9%) was smaller than when both treatments were monocul-



tures (17%) or both polycultures (21%). Similarly, the yield gap was smaller



when the OA system had more rotations (8%) compared with when both



treatments had a similar number of rotations (20%) or did not have crop



rotations at all (16%). The results of this metaanalysis also suggested that



polyculture and crop rotations increase yields in both OA and conventional



cropping systems. Thus, additional investment in agroecological research has



the potential to improve productivity under OA to equal or better than



conventional yields in specific cropping systems (Ponisio et al., 2015). In



the following section, some studies comparing yields of conventional and



OA systems with the major cereals (corn, rice, wheat, and barley), and an



oilseed (soybean) are discussed by using published data since the last search



for the metadataset was conducted by Ponisio et al. (2015).
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5.1 Tropics and Subtropics
Te Pas and Rees (2014) reported differences in yield between conventional



and OA systems in the tropics and subtropics which were based on an



extensive literature review. However, a metaanalysis was not undertaken,



since this would mean that majority of the data would have to be left out due



to missing information on standard errors, and it would have led to over-



representation of a few studies with many observations, most of them located



in a single region (mainly India). On average, yields were 26% higher under



OA than those under conventional practices. Further, the highest yield



increases in OA cropping systems were achieved in the least developed



countries (116%), in arid regions (64%), and on coarse soils (142%). Among



the 20 most common crop types, tomato, spinach (Spinacia oleracea L.),



pepper, and lettuce produced much lower yields under OA. Otherwise,



crops that are mainly produced in developing countries [eg, beans, millet,



peanut (Arachis hypogaea L.), sorghum (Sorghumbicolor L. Moench) and maize],



responded well to OA management. However, the data should be interpreted



carefully. For example, organic amendments (manure, compost) may not be



available on farms in similar amount to the ones applied in the reviewed



controlled experiments. Further, observations were regionally clustered as



∼40% of all data pairs originated from India but comparisons in Sub-



Saharan Africa were underrepresented. In conclusion, OA farming in tropical



and subtropical regions may be most successful in the least developed coun-



tries, in the driest regions, on coarse soils, and in systems that previously had



low input levels (Te Pas and Rees, 2014).



5.2 Corn
At an experimental station in North Carolina, USA, a conventional–OA



systems comparison was established in 1994 (Larsen et al., 2014). The



conventionally managed plots outperformed organically managed plots



by at least double during 2011 and 2012 in terms of sweet corn (Z. mays
var. saccharata) yield. Specifically, in 2011 marketable yield was the highest



for conventional NT plots (15.9 Mg ha�1), followed by conventional CT



plots (9.9 Mg ha�1) with the conventional treatments yielding higher than



the organic treatments (2.02 and 2.05 Mg ha–1 for OA tillage and organic



NT, respectively). Further, percentage of total yield that was marketable



was much higher in the conventional treatments (75 and 86% for NT and



tillage, respectively) compared to the organic treatments (39 and 42%).



Weed competition was likely the major driver for the decreased yields in
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the OA systems as, for example, OA-NT treatment had approximately 35



times more weed biomass C than the CT treatment. However, N limitation



in OA systems may have also been a yield-limiting factor, based on



observed yellowing of corn leaves in both study years. Further, due to



poor legume growth, the majority of the cover crop stands in all treatment



plots were dominated by wheat in 2011, providing low N contributions



overall. The study demonstrated that conventional NT management



results in an optimal combination of adequate sweet corn yields and high



soil C status in humid, warm climates when a fall/winter cover crop is



implemented (Larsen et al., 2014).



Sweet corn plant and ear fresh weight were lower for OA than for



conventional systems initially after application of chicken manure compost



at a long-term field trial in central Taiwan (8.2 vs 9.0 Mg ha�1;Wang, 2014).



However, no differences were observed between OA and conventional plots



in the following 5 years. As total N absorbed by sweet corn plants and fresh



ear weight correlated linearly, less N may have been available in chicken



manure compost initially after application whereas at later stages N require-



ments of sweet corn plants were met (Wang, 2014).



Murrell and Cullen (2014) reported in a greenhouse study that corn



yields did not differ between OA managed soil fertilized with dairy manure



and 2 years of alfalfa, a similar OA treatment plus addition of gypsum



(CaSO4·2H2O), and a conventionally managed soil. Also, yield losses caused



by infestation with the European corn borer [Ostrinianubilalis (Hübner)] did



not differ among soil fertility treatments. The intraspecific competition



between corn borer larvae had a stronger effect on insect performance than



the fertilization regimes (Murrell and Cullen, 2014).



5.3 Rice
Meng et al. (2014) studied the effects of a conventional combination of



mineral fertilizers with animal manure versus those of OA fertilizers [com-



posted animal manure with castor (Ricinus communis L.) bean meal] on rice



production at a site in Central Asia. By applying 802 kg N ha�1, 80% of the



conventional rice yield could be achieved by OA (7.6 Mg ha�1 vs 9.4 Mg



ha�1). However, the conventional treatment received only 297 kgN ha�1. It



was concluded that a high-load application of OA manure was required to



maintain high rice yields but the conventional treatment had a higher N



utilization efficiency (29.6 vs 8.7–17.6% for different OA production sys-



tems, respectively; Meng et al., 2014).
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OA and conventional farming of rice and giant river prawns



(Macrobrachiumrosenbergii) in rotational crops was tested in waterlogged paddy
fields of Kuttanad, Kerala, India (Nair et al., 2014). Farming rice by OA



reduced yields by 23%, from about 5.7 Mg ha�1 in conventional farming



compared to about 4.4 Mg ha�1 in OA farming but those differences were



not significant. TheOA rice yield were similar to the many published reports



and indicating a reduction in output (Nair et al., 2014).



A field experiment was conducted in Hyderabad, India, to compare



conventional and OA rice production systems during 5 wet and 5 dry years



(Surekha and Satishkumar, 2014). The organic amended sources were green



manure, dhaincha (Sesbaniaaculeata), and paddy straw during wet seasons, and



poultry manure and paddy straw during dry seasons. In the wet season, grain



yields for the conventionally managed plots (5.3–5.5 Mg ha�1) were 15–20%



higher than those under OA during the first 2 years, and improved with OA



(4.8–5.4 Mg ha�1) in the later years to levels comparable to those of the



conventionally managed plots. However, during the dry seasons yields at the



conventionally managed plots (3.7–3.8 Mg ha�1) were higher than those



under OA (3.1–3.5 Mg ha�1) for 4 consecutive years, and in the fifth year



yields for OA (4.0 Mg ha�1) were similar to those achieved at the conven-



tionally managed plots (4.2 Mg ha�1). This trend was partially explained by



mismatch of nutrients released from organic amendments and crop demand



as influenced by seasonal conditions in the initial years. Once the soil fertility



was built up sufficiently, yields under OA and conventional practice were



similar. Thus, repeated application of organic amendments over the years



have the potential to build up sufficient soil fertility by improving soil



biological activity (Surekha and Satishkumar, 2014).



At a long-term field trial in central Taiwan, rice grain yields did not differ



in 4 out of 5 years between conventional (5.65–6.26 Mg ha�1) and OA



practices (5.37–6.15 Mg ha�1; Wang, 2014). However, in the first study year



yields were lower in the OA compared to the conventional system (5.37 vs



6.62 Mg ha�1, respectively). Apparently, only a fraction of the chicken



manure compost N was initially available to rice but overall the N require-



ment of rice was met by the amount of N in the compost (Wang, 2014).



5.4 Wheat
Mean dry matter winter wheat yields were lower for an OA treatment (N



source symbiotically fixed N) in Estonia compared to a conventional



treatment receiving mineral N fertilizer in the first 4 years after establishing
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the experiment (2.3 vs 4.3 Mg ha�1; Alaru et al., 2014). However, when



cover crops, or cover crops and manure were added to the OA system,



yields were not significantly different from those under the conventional



system (2.9 Mg ha�1). Alaru et al. (2014) recommended to apply organic



amendments with faster mineralization rates and splitting the application of



organic N in the crop cycle period to supply sufficient quantities of N



during rapid plant growth for increasing winter wheat yields under OA.



Similarly, limited supply of available N in organic fertility management



systems in northeast England contributed to lower wheat yields at OA



compared to conventional systems during 4 years (on average 4.8 vs



7.9 Mg ha�1; Bilsborrow et al., 2013). To improve yields in OA production



systems, Bilsborrow et al. (2013) suggested to focus on improving the



fertilizer use efficiency from organic amendments and fertility building



crops via breeding (selection of varieties with higher N uptake efficiency



from organic amendment inputs) and agronomic approaches (eg, use of



split dose application of organic fertilizers and/or the use of organic



amendments with a higher content of readily available forms of N).



N supply and weed control were identified as the main factors constrain-



ing durum wheat (T. durum Desf.) grain yield for OA systems under



Mediterranean climate conditions, especially when excess of rainfall and



low temperatures occurred throughout the crop reproductive period



(Campiglia et al., 2015). Specifically, averaged over 6 years the durum grain



yield was 15% lower in OA compared to conventional systems (2.86 vs



3.40 Mg ha�1, calculated from data in Campiglia et al., 2015), 4 years after



plot establishment. However, the yield gap between the OA and conven-



tional cropping systems varied from �5% to �32% across the years, and



changes in weather conditions may have contributed to this variability



(Campiglia et al., 2015).



Mean winter wheat grain yields at 34 trials for the period 2004–11 in



north-west France were 7.26 Mg ha�1 for conventional low-input systems



and 5.19 Mg ha�1 for OA (Le Campion et al., 2014). The yield gap at



the different locations ranged between 25% and 40%, and N supply



appeared to be the main factor explaining the differences among locations



(Le Campion et al., 2014).



OA systems cropped to winter wheat attained on average 64% of the



conventional yields between 25 and 32 years after establishment of a



field experiment in Switzerland (3.5–3.8 Mg ha�1 vs 5.6–5.8 Mg ha�1,



respectively; Mayer et al., 2015). The effects of the preceding crop



potatoes (Solanum tuberosum L.) in comparison with preceding silage maize
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outperformed the organic amendment effects, resulting in 33% higher yields



for the OA systems. Thus, a more synchronized nutrient supply throughout



the wheat development due to the preceding potatoes could reduce the yield



gap between OA and conventional systems (Mayer et al., 2015).



N shortage may have been the reason why OA wheat yielded less than



conventional wheat, 9 years after the establishment of field experiments at a



Mediterranean site in Italy (Mazzoncini et al., 2015). Specifically, grain yields



and total dry matter yields were 2.65 and 5.82 Mg ha�1 for organic and 4.85



and 10.17 Mg ha�1 for conventional systems, respectively.



6. IMPLICATIONS OF ORGANIC AGRICULTURE FOR THE
ENVIRONMENT



The OA practice has implications for the environment at the field,



farm, regional, and global scales (Stockdale et al., 2001). It is generally



thought that OA is environmentally benign compared to conventional agri-



culture because insecticides, herbicides, and chemical fertilizers are entirely



or largely avoided. However, soil, air, and water quality, and biodiversity may



be particularly affected by any agricultural practice, and those effects together



with energy use and land requirements will be discussed in the following



sections.



6.1 Soil Quality
Soil quality (ie, soil’s ability to deliver ecosystem services) may be affected by



OA. Studies summarized by Gomiero et al. (2011) and Gomiero (2013) have



shown that OA performs better in preserving or improving soil quality with



regards to both biophysical (ie, stored nutrients) and biological (ie, biodiver-



sity) properties. For example, higher soil quality in OA systems, particularly



enhanced C and N storage, was reported for six long-term OA comparison



sites in the United States (Delate et al., 2015). However, available K and P



levels may also be lower in soils under OA than those under conventional



management practices (Stockdale et al., 2001). Otherwise, OAmanaged soils



may have a much higher water-holding capacity than conventionally man-



aged soils (Gomiero et al., 2011). Especially under drought conditions, both



improved water capture and water-holding capacity of soil under OA man-



agement can contribute to higher crop yields. Soil loss by erosion may also be



greatly reduced under OA management (Gomiero et al., 2011). Additions of
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manure and other OA residues increase soil aggregation (Lynch, 2014).



Thus, aggregate stability may be higher for OA than conventionally managed



soils, and, thus, soils under OA may be less susceptible to erosion. However,



more stable organic amendments such as compost may also have less effects



on aggregation and the susceptibility of soil to erosion compared to readily



available organic amendments (Lynch, 2014).



Soil biochemical and ecological characteristics appear to be improved



by OA (Gomiero et al., 2011). Specifically, OA farming performs much



better than conventional farming with regard to root length colonized by



mycorrhizae. Further, OA farming performs better or much better than



conventional farming with regard to microbial biomass and activity, and



soil biodiversity (Gomiero et al., 2011). For example, several studies



have indicated that OA is associated with higher levels of biological



activity, represented by bacteria, fungi, springtails, mites, and earthworms



(Gomiero, 2013).



The soil microbial community composition appears responsive to effects



of farming system per se, and key constituents of the soil microbial commu-



nity may be sensitive to field crop management regimes (Lynch, 2014).



However, it is important to note that soil characteristics are generally site-



specific and local specificity plays an important role in determining the



performance of any farming system (Gomiero, 2013). Further, differences



between management practices within a given farming system can be as or



more influential than the effects of the farming system per se (Lynch, 2014).



Thus, nonsystematic differences in soil properties between conventionally



and OA managed soils have also been reported. For example, some OA



systems may perform similar to conventional systems regarding soil biophys-



ical characteristics, but worse regarding soil biology (Gomiero et al., 2011).



With regard to effects on pest control, OA systems performed the same,



better, or much better than conventional systems. Further, OA did not



systematically influence many physical and chemical properties at two



conventional–OA pairs of grassland farms in Iceland and two pairs of arable



farms in Austria (van Leeuwen et al., 2015). Specifically, the soil aggregate



size distribution was consistently higher on OA than on conventional farms



in Iceland, but no differences were found in Austria. Further, C and N



mineralization rates, stocks of hot-water-extractable C, total N and potential



mineralizable N, and bacterial activity were quite similar for both farming



systems. Also, soil foodweb structures, in terms of presence of trophic groups



of soil organisms, were highly similar among all farms. However, soil organ-



ism biomass, especially of bacteria and nematodes, was consistently higher on
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OA than on conventional farms. Within the microarthropods, taxonomic



diversity was systematically higher in the OA farms compared to the con-



ventional farms. Thus, OA can enhance soil organism biomass whereas



chemical and physical soil properties may not consistently differ between



organic and conventional systems (van Leeuwen et al., 2015).



Soil health is defined as “the capacity of soil to function as a vital living



system, within ecosystem and land-use boundaries, to sustain plant and



animal productivity, maintain or enhance water and air quality, and pro-



mote plant and animal health” (Doran and Zeiss, 2000). Key indicators of



changes in soil health are soil organisms, including the abundance and



diversity of bacteria, fungi, and nematodes, as they respond sensitively to



anthropogenic disturbance (Lynch, 2015). However, the soil microbial



community diversity shows a high degree of resilience to farming system



management compared to the influence of temporal shifts or specific crop



sequence influences. Thus, soil health benefits by OA appear consistently



achieved only for larger soil organisms. Otherwise, functional properties



such as enhanced biochemical and biological turnover of organic P appear



to be enhanced by OA farming systems, and may contribute to enhanced P



use efficiency (Lynch, 2015).



In summary, some studies reported improvement in soil physical prop-



erties under OA practices while others found no differences between con-



ventional andOA systems (Stockdale et al., 2001). The knowledge about the



effects of OA farming systems on soil ecology has been greatly improved but



the link between changes in soil ecology under OA practices and specific



agroecosystem services needs additional research (Lynch, 2014). The core



premises of consistent benefits to soil health by OA via enhanced microbial



diversity has been challenged (Lynch, 2015). Otherwise, specific cropping



practices and production system intensity overall, rather than farming system



per se, may influence both nutrient cycling and soil ecosystem functioning,



and effects of practices and intensity need additional research.



6.2 Air Quality
Similar to conventional agriculture, OA may contribute to air contamina-



tion by releasing nutrients, heavy metals (ie, Cu), pathogens, particulate



matters, and noxious gases into the atmosphere (Udeigwe et al., 2015). For



example, the widespread OA farming practice of CT may impair air quality



by releasing fine dust and debris, as this practice involves multiple tillage



passes and more surface soil disturbance compared to conservation tillage.
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Otherwise, the generally reduced soil erosion on organically managed



farms may result in lower air-borne particulate concentrations compared



to those of conventionally managed farms (Gomiero, 2013). Further, air



pollutants such as particulate matters (PM2.5, PM10), oxides of N, C, and S,



as well as NH3, CH4, H2S, volatile organic compounds, and pathogens



have been commonly tied to processing and surface application of animal



manures, and emissions from feedlots (Udeigwe et al., 2015). The air



quality may also be worsened by OA due to N losses from organic compost



or green manures through volatilization of surplus N failing to match crop



demand (Gomiero, 2013).



6.3 Water Quality
The scientific literature on water quality in OA systems is rather limited



(Cambardella et al., 2015). OA may perform much better than conventional



agriculture with regard to surface and ground water quality by halting



the use of harmful chemicals, that is, conventional synthetic pesticides



(Gomiero et al., 2011). Otherwise, water quality risks by pesticides permit-



ted in OA are largely unstudied (Stockdale et al., 2001). With regard to



nitrate leaching, OA systems may perform differently as, on one hand, N



uptake efficiency may be enhanced at some organically managed sites



(Gomiero et al., 2011). On the other hand, N losses through leaching from



organic amendments may be increased at other sites as N release from organic



compost or green manures may fail to match crop N demand (Gomiero



et al., 2011). A key to reducing nitrate leaching from OA systems is



the management of residual N from legumes (Stockdale et al., 2001).



Appropriate timing of tillage is the most influential tool available to farmers



to manage N synchrony. Tillage that incorporates organic N inputs preced-



ing cash crops can promote synchronyof Nmineralization and crop demand,



while late or postseason tillage will promote nitrate leaching by stimulating



soil inorganic N pulses that are asynchronous with plant uptake (Finney



et al., 2015). In subsurface-drained landscapes, OA farming practices such



as the application of composted animal manure, and the use of forage



legumes and green manures within extended cropping rotations, can



improve water quality (Cambardella et al., 2015). For example, averaged



over a 3-year period subsurface drainage water nitrate-N loss from conven-



tionally managed corn–soybean systems in the Midwestern US was nearly



twice as much (79.2 kg N ha�1) as that from organically managed corn–



soybean–oats/alfalfa (39.9 kg N ha�1; Cambardella et al., 2015).
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6.4 Biodiversity
The benefits of OA farming for biodiversity in agricultural landscapes



are under discussion. A hierarchical metaanalysis based on Bengtsson



et al. (2005) and updated by including 194 observations from 94 studies



indicated that OA farming increased species richness by about 30%



(Tuck et al., 2014). However, the effects varied with the organism group



and crop studied, and with the proportion of arable land in the surrounding



landscape. For example, at the local scale the abundance and species richness



of tachinid parasitoids was higher for OA compared to conventional farms



(Inclán et al., 2015). At the landscape scale, the diversity of tachinids was



higher in landscapes with higher proportions of land under OA manage-



ment. Further, the positive effect of OA farming on tachinid parasitoids



diversity was clear on both scales for arable fields but not for grasslands



(Inclán et al., 2015). Larger effects of OAwere generally observed in cereals,



among plants and pollinators, and in landscapes with higher land-use inten-



sity (Tuck et al., 2014). Plants benefited most from OA probably because of



restricted herbicide use. However, despite the fact that OA farming has been



shown to have large effects on soil properties, its effects on decomposers and



soil organisms were ambiguous (Tuck et al., 2014). For example, increasing



rotational diversity by OA may fundamentally change soil microbial com-



munity structure and activity, with positive effects on aggregate formation



and SOC accrual (Tiemann et al., 2015). Otherwise, OA increased bacteria



and not fungi in a long-term experiment in France (Henneron et al., 2015).



Mainly the bacterial pathway of the soil food web, and endogeic and anecic



earthworms were improved under OA. Further, macrofauna, nematodes,



and microorganism abundance and/or biomass were increased by OA but



not predaceous nematodes (Henneron et al., 2015). Otherwise, at an exper-



imental site in the United States, soil microbial traits did not differ between



OA and conventional management practices (Wickings et al., 2016).



The soil microbial community composition may be resilient to changes



in farming system, and variation in soil type and structure may be more



important for soil organisms in general than the farming system itself (Lynch,



2015). Most importantly, whether OA can reduce environmental impacts,



enhance crop yield and result in a more sustainable agricultural system by



favoring a rich and abundant soil life needs to be confirmed by field studies



(Bender and van der Heijden, 2015). To date, studying the effects of OA



farming on biodiversity has been heavily biased toward agricultural systems



in the developed world, especially Europe and North America. Thus, more
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studies are particularly needed in tropical, subtropical, and Mediterranean



climates. Nevertheless, given the large areas of land under agricultural pro-



duction,OA farmingmethodsmay play amajor role in halting the continued



loss of biodiversity from industrialized nations. However, as yields are also



lower under OA (Ponisio et al., 2015), more wild or marginal land may have



to be brought into agricultural production to produce the same amount of



biomass and food. This land is likely to have supported even higher biodi-



versity than OA farms. Thus, it is unclear whether there is an overall benefit



or cost of OA farming to biodiversity (Tuck et al., 2014).



In addition to terrestrial biodiversity, OA may also affect the biodiversity



of aquatic ecosystems. For example, the inorganic fungicides Cu and



elemental S authorized in OA farming caused both structural and functional



changes in leaf-associated microbial communities in surface waters



(Zubrod et al., 2015). Any effect on microorganisms involved in leaf litter



breakdown in aquatic ecosystems may have far-reaching consequences for



the detritus-based food web due to its bottom-up regulation. At concentra-



tions measured in surfacewaters adjacent toOA farming fields, Cumay affect



aquatic bacteria and fungi as well as their functions (Zubrod et al., 2015).



6.5 Energy Use
Agriculture and food systems play an important role in fossil fuel consump-



tion and climate change because of their significant energy use, for example,



fossil fuel use for operating machinery, for the management of agricultural



soils, and the production of synthetic fertilizers (Smith et al., 2014). OA



farming is favorable with respect to whole-farm energy use and energy



efficiency both on per hectare and per farm product basis, with the possible



exception of poultry and fruit sectors (Lynch et al., 2011). However, based



on calculations of net energy production per unit area, Bertilsson et al. (2008)



showed that conventional systems produce far more energy per hectare, that



is, more solar energy is bound compared to OA systems. The highly



increased crop production when using N fertilizer results in a very positive



energy balance, with at least a sixfold return on the energy invested for N



fertilizer production. Otherwise, growth of legumes for biological N fixa-



tion instead of chemical fertilizer production does not improve the energy



budget of OA systems. Lower yields in the OA systems, and consequently



lower energy production per unit area, mean that more land would be



required to produce the same amount of energy. This greater land require-



ment in organic production must also be considered in calculating energy
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balances of agricultural systems (Bertilsson et al., 2008). In addition, for



comparing conventional and OA systems, not only agriculture production



but also postharvest practices and distribution networks and the energy



consumption therein must be considered (Ziesemer, 2007). However, little



information is available regarding differences in energy use between OA and



conventional processing, packaging, storage, and distribution. There is



some evidence that OA systems may offer overall less energy intensive



methods than their conventional counterparts. Specifically, OA systems



utilize less energy than conventional agriculture production due to less



reliance on energy intensive fertilizers, chemicals, and concentrated feed



(Ziesemer, 2007).



Based on a review of 50 studies, Smith et al. (2015) suggested that OA



farming performs better than conventional for nearly all crop types when



energy use is expressed on a unit of area basis but results are more variable



per unit of product due to lower yields for most organic crops. Ruminant



production systems tend to be more energy efficient under OA manage-



ment due to the production of forage in grass–clover leys. Conversely,



organic poultry tend to perform worse in terms of energy use as a result of



higher feed conversion ratios and mortality rates compared to conven-



tional fully housed or free-range systems. OA farming also performs



worse for potatoes, where a lower yield reduces efficiency, and other



vegetables that require flame weeding. Further, there is some evidence



that OA farms use more renewable energy. In addition, human energy



requirements on OA farms are higher as a result of greater system diversity



and manual weed control (Smith et al., 2015). Otherwise, OA systems use



less of the energy-demanding implements such as irrigation, heavy



machinery, and heated greenhouses (Ziesemer, 2007). Overall, the energy



efficiency of most cropping and ruminant livestock farming systems may



be enhanced through the adoption of OA management practices.



However, in many cases this will be at the expense of crop or livestock



yields (Smith et al., 2015).



6.6 Land Requirement
Several reviews and metaanalysis have shown that OA yields are lower than



those achieved under conventional agricultural practices. Thus, OA relies on



more land to produce the same amount of food compared to conventional



agriculture. For example, relative to conventional systems, between 9% and



214% more land is needed to produce one unit arable crop by OA, and
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between 6% and 346% more land is needed to produce one unit animal



product (Meier et al., 2015). In addition, adopting OA on a large scale could



potentially also threaten the world’s forests, wetlands, and grasslands



(Crowder and Reganold, 2015). Further limitations to land conversion for



OAmay also arise from the projected urban expansion.While more than 43-



Mha land is currently under OA, urban areas may expand by 120 Mha by



2030 (Seto et al., 2012). Some argue that the inefficiency of OAwill make it



less relevant in the future as global food security must be achieved in a world



suffering from climate change and rapid population increase (Pickett, 2013).



Nevertheless, the demand for organic food is growing and with it the land



area under OA although at a small scale relative to that of conventional



agricultural land (Willer and Lernoud, 2015).



7. CONCLUSIONS



All agricultural systems inevitably impact the environment but OA



systems are perceived as having less deleterious effects than conventional



systems. However, scientific evidence for those environmental advantages



is inconclusive. OA is less than a century old with the first distinct form of



OA introduced by the Austrian philosopher Rudolf Steiner. Since then,



the global area under OA has grown driven by consumer demand, espe-



cially, in Europe and the United States but only 1% of global agricultural



land is currently farmed by OA methods. However, OA may cause a



reduction in soil profile SOC stocks as plant-derived C inputs are lower



because of reduced yields and as tillage is often applied for weed control,



but effects on SIC stocks are less well known. Further, there is some



evidence that soils under OA emit less CO2, N2O, and CH4 than conven-



tionally managed soils but direct measurements are scanty and geograph-



ically biased toward studies from Europe. In comparison to conventional,



organic yields are on average about 19% lower as soluble mineral fertilizer



inputs are prohibited, and synthetic herbicides and pesticides are rejected



by OA. While soil, air, and water quality may be enhanced under OA and



energy use lower compared to conventional practices, effects of OA on



biodiversity are debatable. In the future, an increasing share of agricultural



land will be farmed by organic methods as consumer demand continues to



grow but long-term field experiments in major global agricultural regions



accomplished by LCA are needed to more comprehensively assess the



environmental impacts of OA.
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7.1 Pros
• Lower emissions of CO2, N2O, and CH4



• Enhanced soil and water quality



• Lower energy use per land area



• Higher energy efficiency per land area



7.2 Cons
• Lower soil profile SOC stocks



• Lower crop yields



• Higher land requirement



• Lower energy production per land area
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Abstract
We examine pre-COVID declines in transit ridership, using Southern California as a case 
study. We first illustrate Southern California’s unique position in the transit landscape: it 
is a large transit market that demographically resembles a small one. We then draw on 
administrative data, travel diaries, rider surveys, accessibility indices, and Census micro-
data for Southern California, and demonstrate a strong association between rising private 
vehicle access, particularly among the populations most likely to ride transit, and falling 
transit use. Because we cannot control quantitatively for the endogeneity between vehicle 
acquisition and transit use, our results are not causal. Nevertheless, the results strongly sug-
gest that increasing private vehicle access helped depress transit ridership. Given Southern 
California’s similarity to most US transit markets, we conclude that vehicle access may 
have played a role in transit losses across the US since 2000.
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Introduction



This paper analyzes the steep decline in US transit ridership that began in the years before 
the coronavirus emergency. Both absolute and per capita transit patronage fell during the 
Great Recession. Ridership began growing as the economy recovered, but soon started to 
fall (American Public Transportation Association 2021a). In 2012, Atlanta and Detroit 
became the first large urbanized areas (UZAs) to report post-recession year-over-year abso-
lute ridership declines. They were followed by Chicago, Los Angeles, Philadelphia, and 
Washington, DC in 2014; Miami, Dallas, and Phoenix in 2015; and Boston in 2016. Transit 
ridership in many smaller regions began falling thereafter. In 2017, ridership rose in three 
UZAs, and fell in 436. Transit ridership losses continued in 2018 (U.S. Federal Transit 
Administration 2020). Nationwide, per capita transit patronage fell by 12% between 2008 
and 2018; from 2014 to 2018, absolute ridership fell by 700 million (American Public 
Transportation Association 2021a; Schouten et al 2021).



These declines generated substantial concern while they were happening (e.g., Badger 
and Bui 2020), but they were soon eclipsed by the even graver problems that befell transit 
as a result of COVID-19 (Frost 2020; American Public Transportation Association 2021b). 
While the pandemic decimated transit use, the source of that decimation is no mystery. The 
economy contracted, and transit travel did too. The source of the pre-COVID decline, in 
contrast, is less clear, and is worth investigating because the conditions that created it may 
well remain, and confront transit agencies as they emerge from the pandemic.



Given the nature of American transit, the pre-COVID ridership decline likely had multi-
ple causes. Transit in the United States serves different purposes, and takes different forms, 
in different places. Conditions that likely affected ridership in New York, Boston, and 
Washington, DC, such as service disruptions on aging rail systems, were less relevant or 
nonexistent elsewhere.



This article focuses on an explanation with relevance to many places: increased access 
to private automobiles. In most of the US, public transportation is used disproportionately 
by people who have limited access to cars, but who live and work in built environments 
designed for car travel. Transit, for this group, is a mobility safety net: a public option for 
moving through landscapes planned around private vehicles. Precisely because transit in 
these areas is often mismatched to its built environment, the service it offers is generally 
inferior to driving. This makes transit ridership precarious. The relatively small share of 
people with little or no vehicle access accounts for a large share of transit trips, but those 
same people without vehicles have a strong incentive to acquire them, because vehicles 
greatly improve their ability to get around. In these circumstances, even modest increases 
in vehicle access could account for large losses in transit ridership. We hypothesize that in 
many US areas, this is in fact what occurred.



We document the association between rising auto access and falling transit use by exam-
ining Southern California, and particularly the Los Angeles urbanized area (UZA) that lies 
at its heart. We emphasize Southern California because it offers an unusual window into 
America’s transit landscape: a large transit market with many attributes of a small one. 
American transit use follows a power law distribution: a small number of big places, most 
of them quite different from the nation at large, account for most transit trips. Over 40% of 
the nation’s pre-pandemic transit rides, for example, occurred in New York, a place that in 
many ways bears little resemblance to other US urban areas (e.g. Voulgaris et al. 2017). As 
a result, no single place offers an ideal case study of “American” transit.
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Nevertheless, Southern California makes a useful case study, for three reasons. The first 
is data limitations. Fully controlling for endogeneity in a national analysis of vehicle own-
ership and transit use is difficult, because data on a number of potentially confounding fac-
tors are either unavailable, or available only in data sets that are hard to match with one 
another. Using a single large case, as offered by Southern California, helps overcome this 
problem: we can scrutinize potential sources of endogeneity separately from our statistical 
analysis, in ways that would be difficult if we analyzed numerous areas.



Second, using Southern California rules out an important potential reason for falling 
ridership, which is falling investment. Southern California exemplifies, and indeed lies 
at the extreme end of, a national trend where transit investment has risen but ridership 
has lagged. From 2000 to 2015, transit investment  in the United States, measured as an 
inflation-adjusted ten-year rolling average of capital costs plus annual operating costs, rose 
almost 50% (US Federal Transit Administration various), while per capita ridership fell 1% 
(American Public Transportation Association 2021a). In Southern California, this diver-
gence between investment and patronage is even starker. Since 1990, Southern California 
has added over 100 miles of light and heavy rail, over 530 miles of commuter rail, and 
increased bus service as well. Transit ridership over this period, however, has been mostly 
flat or falling; both absolute and per capita ridership had their postwar peak in 1985. The 
most recent per capita decline began in 2007, and ridership started falling absolutely in 
2014. The decline was more pronounced on bus than rail, but both modes lost patronage. In 
2016 per capita ridership was 40% below its 1985 high-water mark.1



Finally, we examine Southern California because the region  is, again, a large transit 
market with many attributes of a small one. Today Los Angeles ranks third behind New 
York and Chicago in the number of annual transit trips; as recently as 2016, LA was second 
to only New York (Freemark 2021). But the region differs dramatically from America’s 
other big transit markets. These other regions—the “legacy” urbanized areas concentrated 
in the Northeast (but including Chicago and San Francisco)—have central areas with dense 
prewar built environments, and these environments, by making driving and parking diffi-
cult, encourage broad swathes of the population to take transit (Chatman 2003; Taylor et al. 
2009). Los Angeles, in contrast, more closely resembles the typical US urban area: much 
of its built environment is auto-oriented, and transit use is confined largely to the poor. 
Analyzing LA might therefore offer a better glimpse into why ridership fell in most places, 
even if it is less applicable to those places where frequent transit use is most common.



We proceed as follows. The next section discusses falling transit ridership, situates Los 
Angeles in America’s transit landscape, and summarizes previous research on the relation-
ship between vehicle access and transit use. The “Descriptive evidence on transit use and 
private vehicle access in Southern California” section presents descriptive evidence about 
rising auto access and falling transit ridership in Southern California.



The “Statistical analysis of vehicle access and falling ridership” section presents a series 
of negative binomial regressions measuring the relationship between private vehicle access 
and transit use. The results confirm a strong negative association: a decline in zero-vehicle 
households is strongly associated with substantially fewer transit trips, even controlling for 
income, age, race, nativity, and other factors. We stop short of defining this association 
causally, however. Rising auto access could cause falling ridership, but could also be a 
consequence of other underlying reasons to prefer driving over transit. Because we cannot 



1 See Manville (2019) for data on investment and ridership.
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quantitatively control for this potential endogeneity, the “Endogeneity: changes in vehicle 
access vs changes that prompt vehicle access” section reviews other potential sources of 
transit’s decline, and weighs them relative to rising vehicle access.



We conclude that increased vehicle access has likely played a central role in transit’s 
pre-COVID decline. The article’s final section considers the implications of this finding. 
Our results suggest a tension between the collective benefits that transit offers low-income 
people as a group, and the private benefits that automobiles offer to individual members of 
that same group. In many US urban areas, transit primarily relies for riders on people who 
lack cars (Pucher and Renne 2003). When vehicles become more widely available, that 
group shrinks. So too does transit’s base of frequent users, and thus its ridership. A logical 
policy response, from the perspective of transit operators, is to lure these riders back. From 
a broader perspective, however, the appropriate response is less obvious. Because transit’s 
collective benefits for low-income people rest on transit being viable, when riders of any 
income acquire vehicles and leave, an important service for low-income people suffers. At 
the same time, however, when low-income people living in auto-oriented places acquire 
automobiles, they likely become individually better off, because they can now travel by car 
in regions designed for doing so. The socially optimal response to falling ridership, there-
fore, likely involves more than just “winning back” riders who have left. Instead it would 
involve addressing the policies that create structural advantages for automobility.



Before proceeding, a note about geography; throughout the article we alternatively dis-
cuss “Los Angeles” by which we mean the Los Angeles Urbanized Area (UZA) or—some-
times—Los Angeles County, and “Southern California” which is a larger area including 
not just Los Angeles but five outlying counties that are represented by the metropolitan 
planning organization. Most ridership occurs in Los Angeles, as we discuss, but Southern 
California is the geographic scale at which regional transportation planning occurs.



Auto use and transit ridership: considerations and causes



The pattern of American transit use is one of nesting asymmetries. Ridership is concen-
trated in a small number of regions, and within those regions in a small number of places 
(usually the dense parts of center cities). Within these places, a small share of operators 
carries a disproportionate share of trips, often on a small number of heavily-traveled routes. 
The passengers themselves, meanwhile, are drawn from a small share of the population.



This small share of the population, moreover, is drawn from both the low-income and 
the affluent. Transit riders are significantly more likely than the general population to be 
poor, but not much less likely than the general population to be rich. In 2016, just over 20% 
of riders came from households with incomes under $15,000, which is almost twice the 
share of US households that have incomes below that threshold. Just over 20% of transit 
riders, meanwhile, came from households with incomes over $100,000; 26% of US house-
holds overall fall in this group (Clark 2017; US Census 2016). A common thread uniting 
these otherwise dissimilar individuals is limited access to automobiles. Better than three 
out of five US transit riders (61%) report not having a private vehicle available for their 
transit trip (Clark 2017).



Aggregate data, then, suggest that transit is a mode for both the low-income and the 
affluent, with a shared attribute of low vehicle access. These aggregate data conceal, how-
ever, the fact that transit’s affluent users are concentrated in a small number of urban areas. 
This fact, in turn, complicates national statistics about transit use and vehicle access. Most 
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transit riders have limited vehicle access, but limited vehicle access can arise for two rea-
sons: because vehicle use is itself expensive (an attribute of a place), or because incomes 
are low (an attribute of people). In places where owning and operating a vehicle is costly—
in money, time, or stress—transit has relative advantages, and even affluent people will 
use it. But these circumstances exist in only a handful of places: dense central cities with 
narrow streets, heavy congestion, and scarce parking. That description fits the nation’s tra-
ditional transit centers—the “legacy” regions of New York, Chicago, San Francisco, Phila-
delphia, Boston, and Washington DC. These places developed around transit and retain, in 
their central areas, built environments that make riding transit easier and driving harder. As 
a result, they carry the vast majority of American transit trips, and transit in them delivers 
large environmental and efficiency benefits. In 2015 the legacy regions, which hold about 
20% of the US urbanized population and cover about 11% of its urban land, hosted almost 
65% of its transit trips. The 433 other UZAs, meanwhile, hold 80% of the urban population 
but carry only 35% of all transit trips.2



In these latter UZAs—most UZAs—driving is relatively cheap, and lower access to pri-
vate vehicles usually reflects low income, and to a lesser extent medical or legal constraints 
that limit driving. In these places, where the landscape is arranged for cars and riding tran-
sit is much less convenient than driving, transit is best characterized as a social service—
a mobility safety net used primarily by the poor (Glaeser et al. 2008; Taylor and Morris 
2015).



At the risk of oversimplification, then, America has two transit regimes: the legacy 
regions, where the built environment can make driving difficult, and the rest of the coun-
try, where it does not. The latter regime includes most areas and most systems; the legacy 
regime carries most riders.



The stark difference between the legacy regions and the rest of the country complicates 
any discussion of “national” trends in transit ridership. If ridership falls 10% in the legacy 
regions and rises 20% everywhere else, US ridership would fall, even though transit would 
be making unprecedented ridership gains in hundreds of areas. Conversely, if legacy rider-
ship surges, national ridership can grow, even if patronage falls in most of the country.



We illustrate this difference, and show LA’s utility as a case study, by comparing Los 
Angeles transit riders to both the large LA population, and to US transit riders overall in 
Table 1. Data on LA ridership come from onboard surveys by LA Metro (Southern Cali-
fornia’s largest transit operator, which carries 70% of the region’s trips, and almost 80% 
of the UZA’s trips). Data on LA County’s population come from the US Census, and 
data on US transit riders come from the American Public Transportation Association 
(Clark 2017). We present these latter data for the entire country, but also broken down 
by urban area size: areas of less than 200,000 people and of over 1 million people (the 
category dominated by the legacy regions and Los Angeles).



LA Metro riders are almost four times as likely as LA County residents to come from 
households with incomes under $15,000 per year (44–12%) and only one-third as likely 
to come from households with incomes over $100,000 (11–30%). Only 11% of Metro 
riders are white, compared to 27% of county residents. Most notably, 78% of Metro rid-
ers report not having a vehicle for their transit trip, while only 11% of county residents 



2 Calculated from National Transit Database’s 2016 UZA Allocation Tables. The legacy regions account 
for an even smaller share of overall US population and land area: 11% of population and less than 1% of 
land.
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live in a household without vehicles. Transit in Los Angeles is used disproportionately 
by low-income people with limited car access.



The four columns of the table that compare LA Metro riders to transit riders nation-
ally paint a startling picture: riders on LA Metro, one of the nation’s largest transit oper-
ators, most closely resemble riders in the nation’s smallest urban areas. On measures of 
income and especially vehicle access, Metro riders look more like riders in Topeka or 
Waco, than like riders in Chicago or Philadelphia—despite LA being included in, and 
thus influencing, the large urban area calculations. Compared to riders in large urban 
areas overall, LA Metro riders are more than twice as likely to have incomes of less 
than $15,000 per year, and half as likely to have incomes of over $100,000 per year. 
Fully 78% of LA Metro riders report lacking access to a vehicle, comparable to 75% of 
riders who report the same in the smallest areas, and well above the 46% in the largest. 
The table’s final rows show that transit riders in large areas are far more likely to report 
riding transit because they prefer it (59% compared to 35% in small areas), while pas-
sengers in the smallest areas are more likely to report riding because they do not have a 
car (46% compared to 14%).



Table  2, which uses data from the University of Minnesota’s Accessibility Obser-
vatory, shows the stark advantage vehicle access confers in Los Angeles, relative to 
the legacy regions. The table shows the average number of jobs that can be reached in 
30 minutes by automobile and transit in both 2014 and 2017. (This figure is calculated 
as the number of jobs reachable from an “average” point in the region; for example, the 
accessibility measure for New York will include both the high auto access of its suburbs 
and the low auto access and high transit access of Manhattan. For 2017, we also show 
this figure for the 50 largest MSAs combined.)



In all these regions cars offer more access than transit. At the same time, automobile 
access has fallen dramatically over time in every region, mostly due to worsening conges-
tion. Transit access, in contrast, has risen in some regions and fallen in others.



Most important for our purposes, however, is that transit riders in the legacy regions 
surrender far less employment accessibility to drivers than do riders in Los Angeles. In 
New York, which is admittedly an outlier, the automobile in 2014 offered 10 times more 



Table 1  Characteristics of LA Metro Riders, LA County Residents, and US Transit Riders Overall, 2016. 
Sources: LA Metro Rider Surveys, US Census (2016) and Clark (2017)



Vehicle availability comparisons are imperfect. Metro asks if the rider had a vehicle available for the cur-
rent trip, while the Census asks if  the household had a vehicle available in general. Riders are classified as 
"preferring transit" if they say it is more convenient, saves time, or that they ride for environmental reasons. 
Riders who report riding because they lack an automobile, or who say transit is the only transportation they 
have, are categorized as riding because they have no car



LA County LA Metro US transit riders



Residents (%) Riders (%) Areas < 200k 
(%)



Areas > 1 
million (%)



All (%)



Share non-Hispanic White 27 11 50 40 40
Share w/HH income under $15k 12 44 48 20 21
Share w/HH income over $100k 30 11 6 22 21
Share w/no vehicle available 11 78 75 46 61
Use transit because they prefer it 35 59 44
Use transit because they have no car 46 14 30
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employment access than transit  did. By 2017 this ratio had fallen to 6-to-1. The other 
legacy regions, while nowhere near New York, exhibit the same trend: the ratio of auto 
to transit accessibility ranged between 20:1 and 26:1 in 2014, and between 8:1 and 14:1 
in 2017. In every legacy region but Boston, moreover, the auto-transit gap shrunk. This 
reduction occurred not just because the number of jobs reachable by auto fell, but also 
because the number of jobs reachable by transit grew.



In Los Angeles, in contrast, job access via automobile in 2014 was 55 times higher than 
job access by transit. By 2017 this auto-transit ratio had fallen to 33:1—smaller, but still 
more than double the ratio in the nearest legacy region. The smaller ratio in LA, moreover, 
was entirely the result of falling automobile access, since transit access fell as well, albeit 
not by as much. Worsening congestion contributed to both declines.



Note that transit access to jobs in Los Angeles is high in absolute terms, comparable 
to Boston and Philadelphia. What makes Los Angeles different is the relative advantage 
of the automobile. Philadelphia’s transit access is essentially equal to LA’s, but it has only 
half LA’s auto access to jobs, a testament to both the many parts of Philadelphia that are 
old and dense, and to the extent of LA’s auto-orientation.



In sum: as a transit market, Southern California rivals the legacy regions in size, but 
more closely resembles much smaller regions in its rider characteristics. This fact, com-
bined with the large relative advantages of the automobile in reaching jobs, suggests that 
many Southern California transit riders, if they had access to vehicles, might drive rather 
than ride. This supposition, in turn, aligns with the existing research literature documenting 
the barriers and burdens confronting people who live in auto-oriented environments but 
lack automobiles (King et al. 2019), and the value that such people place on acquiring cars 
(Aaronson et al. 2012; Adams et al. 2009; Blumenberg and Pierce 2012; Leininger et al. 
2010; Parker et  al. 2013). Taken together, these facts suggest that rising vehicle access 
could contribute to falling ridership in Los Angeles.



Table 2  Accessibility by auto and transit: Jobs reachable in 30 min by mode. Sources: Owen and Murphy 
(2018a, 2018b), Owen and Levinson (2014), Owen et al. (2016) and Levinson (2013)



Auto 2014 is an average of 2013 and 2015 calculations. Results are not substantially different if the 2013 or 
2015 reports are used alone



2014 2017



Auto Transit Ratio Auto Transit Ratio



Los Angeles 2,390,608 43,430 55.0 1,282,378 38,647 33.2
Boston 1,015,035 49,237 20.6 605,308 44,014 13.8
Chicago 1,235,879 48,116 25.7 769,483 53,801 14.3
New York 2,084,022 210,186 9.9 1,241,973 213,407 5.8
Philadelphia 922,000 35,217 26.2 618,294 38,185 16.2
San Francisco 1,451,337 65,246 22.2 652,817 81,285 8.0
Washington DC 1,159,070 47,759 24.3 623,387 50,551 12.3



50 MSA average 54.7
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Descriptive evidence on transit use and private vehicle access 
in Southern California



We analyze the period from roughly 2000 to 2016, a time frame that includes the years 
prior to the ridership decline, as well as nearly ten years of decline itself. Per capita transit 
ridership began falling in Southern California in 2007, from about 42 trips in that year to 
35 trips in 2016. Absolute ridership losses began after 2013; between 2013 and 2016, the 
region’s buses accounted for 84% of ridership losses, while rail accounted for 12%.



The same asymmetries that define transit use nationwide are also evident in Southern 
California. A small share of people takes a large share of trips, and a large share of trips 
are carried by a small share of operators. The six-county Southern California region is 
over 38,000 square miles and has over 100 transit operators. But just 11 of those operators 
provide 60% of the service and carry about 80% of the trips. Census data show that 10% 
of all of the region’s transit commuters in 2015 lived on just one-fifth of 1% of the region’s 
land area; the mean number of transit commuters in these few tracts was almost 12 times 
the regional average. The region’s largest operator, LA Metro, which serves Los Angeles 
County, carries over 70% of the region’s trips, many of them on its 20 busiest routes (Man-
ville et al. 2018).3



Data from the 2012 California Household Travel Survey (CHTS) show that in both LA 
County and Southern California overall, 2–3% of the population rides transit frequently 
(averaging 45 trips/month) and accounts for almost 30% of all transit trips.4 Another 20% 
ride transit occasionally (averaging 12 trips/month), and accounts for over half of all transit 
trips. Finally, almost 77% of residents ride transit little or not at all (averaging less than one 
trip/month). This very large group of infrequent riders accounts for about 17% of all transit 
trips. About 85% of transit rides, then, are taken by less than a quarter of the population.5



Would rising vehicle access undermine this ridership? Auto access can increase in dif-
ferent ways. Most obviously, it increases when households without vehicles get them, or 
when households with fewer vehicles than adults add an automobile. But access also can 
increase when rides in other people’s cars become easier to get. This can occur if family, 
friends, or acquaintances acquire automobiles, or if automobile rides become more avail-
able a la carte—as they did in the early 2010s when ridehail services expanded. For rea-
sons of data availability, our analysis emphasizes rising access to private vehicles, though 
we return later to the question of ridehailing.



Figure 1, drawn from the CHTS, shows that Southern California’s frequent transit rid-
ers are disproportionately poor, nonwhite, foreign born, and carless. The figure’s dashed 
vertical line represents the region’s daily mean of unlinked transit trips. The location of the 
circle associated with each subgroup shows that subgroup’s average daily transit ridership, 
while the size of that circle shows the relative size of each subgroup’s population. Afri-
can-Americans and Hispanics ride transit about three times as much as whites and Asians. 



3 LA Metro ridership is sufficiently concentrated that from 2011 to 2016 losses along a dozen of its routes 
accounted for 38% of all the lost ridership in California.
4 Administered by the California Department of Transportation, the 2012 CHTS is a one-day survey strati-
fied to represent households in all California counties, including Los Angeles. The sample provides detailed 
demographic and travel behavior characteristics for over 42,500 households.
5 LA Metro boarding data from 2017 suggest the same pattern holds in LA County: over a four-month 
period, 7% of County residents accounted for 14% of farecards in circulation, but 77% of boardings 
(Vinayak et al. 2019).
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Immigrants ride more than the native-born, and recent immigrants ride more than immi-
grants residing in the US longer.6 Households earning under $25,000 per year ride over 
twice as much as households earning $25,000 to $50,000, who in turn ride twice as much 
as households earning over $50,000 annually.



The strongest correlations with transit use are found in the vehicle access variables: 
number of household vehicles, vehicles per adult, and drivers’ licenses. The circles are 
small because low vehicle access and lack of licensure are uncommon. The circles lie far 
from the mean because people in households without vehicles used transit almost five 
times as much as people in households with one vehicle, and people in households with 
one vehicle take twice as many trips as those in households with two. Similarly, people 
in households with one vehicle for every two adults take twice as many trips as people in 
households with one vehicle per adult. People without driver’s licenses took six times as 
many transit trips as people with a license.



Private vehicle ownership rose in Southern California as transit patronage fell. Census 
summary file data show that from 1990 to 2000, the region added 1.8 million people and 
456,000 household vehicles (or 0.25 vehicles per new resident). From 2000 to 2015, how-
ever, Southern California added 2.3 million people and 2.1 million household vehicles (or 
0.95 vehicles per new resident)—a rate almost four times that of the 1990s.



Fig. 1  Southern California transit use levels by socio-economic and auto access characteristics. Notes The 
size of each circle indicates the relative share of transit users in that category, while the horizontal bars indi-
cate the 95% confidence interval for each category. Source: California Department of Transportation (2012)



6 Although not shown in the figure, other research suggests that transit use is more common among immi-
grants from Mexico and Latin America compared to immigrants from other countries of origin (Chatman 
2014).
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Someone skeptical of vehicle ownership’s role in falling transit ridership could right-
fully point to two concerns. First, vehicles are expensive. Low-income people have trouble 
affording vehicles, and low-income people ride transit more. So perhaps vehicle access is 
just an artifact of income, and what really matters for transit ridership is a region’s number 
of low-income households. Indeed, between 2000 and 2015, the share of households earn-
ing less than $25,000 per year fell sharply, from about 30 to 23%.



Second, many and probably most of the region’s new vehicles did not directly reduce 
transit ridership. For the majority of households whose members almost never ride transit, 
an additional vehicle increases household car ownership (and perhaps driving) but does not 
depress household transit use.



In the next section we use regressions to control explicitly for these factors. But we can 
also address them briefly here with descriptive data. First, Fig. 1 showed that the absence of 
a vehicle or driver’s license is a much stronger predictor of transit use than is low-income 
alone. Census data further show, moreover, that while the proportion of low-income house-
holds fell in LA County, the number of such households rose—from about 562,000 to just 
under 700,000—and it is people, not proportions, who ride transit.



A third point is that Fig. 2, which plots the change in households with fewer vehicles 
than adults, shows that vehicle access increased across the socioeconomic spectrum, 
including in households more likely to ride transit. In 2000, just under 50% of native-
born households earning less than $25,000 per year had fewer vehicles than adults, as did 
almost 70% of immigrant households in the same income bracket. By 2015 these shares 
had fallen to 40% and 60%, respectively. Thus in two groups that contribute substantially to 
transit use—the poor and the foreign-born—vehicle access rose.



These patterns are even more pronounced among households with zero vehicles. Census 
microdata (Ruggles et al. various) show that from 2000 to 2015, the share of zero-vehicle 
households in Southern California fell by 30%. Among foreign-born residents, it fell 42%, 
and among foreign-born households from Mexico, a group with traditionally high transit-
usage rates, it fell by 66%.



Statistical analysis of vehicle access and falling ridership



In this section we estimate a series of negative binomial regressions to test the robustness 
of the correlation between vehicle access and transit use. Our statistical analysis confronts 
two primary obstacles, one conceptual and one empirical. The conceptual problem is 
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Fig. 2  Trends in the share of Southern California households with fewer vehicles than adults, by income 
and nativity, 2000–2015. Note: Solid line = foreign born, dashed line = native born. Source: US Census
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endogeneity; specifically, the difficulty of separating an underlying preference (how much 
to ride transit) from the means by which that preference is satisfied (the ability to access 
an automobile). People might ride transit less when they acquire automobiles, but auto-
mobiles are not randomly assigned to households. Most people who acquire cars do so 
because they want to drive. If we assume that people’s desired quantity of travel is roughly 
constant,7 then transit riders who acquire automobiles may do so because they want to ride 
transit less. In these circumstances, auto access is less a cause of falling transit use and 
more a symptom of an underlying desire to ride transit less. Whatever caused that under-
lying desire, and not the increased auto access, would be the ultimate “cause” of falling 
ridership.



One can accept this limitation (we do) yet still see a potentially causal role for auto 
ownership. The intuition here is as follows. In regions where transit functions primarily as 
a social service, a sizeable share of riders may have an underlying discontent with it: they 
are aware that transit is slower and less reliable than driving, and/or that their ridership is a 
function or signal of their lower socioeconomic status. If their ability to acquire a car does 
not change (i.e., car prices do not fall and/or their incomes do not rise), and some aspect of 
transit service gets worse (transit becomes less reliable), the endogeneity problem looms 
large. People would acquire vehicles because their dissatisfaction with transit grew. Sup-
pose, however, that many riders have long wanted to drive more and ride transit less, and 
that neither their desire for a car nor their dissatisfaction with transit appreciably changed. 
What changed instead was their ability to acquire an automobile. In this case, while it 
remains appropriate to call underlying discontent the cause of falling ridership, it becomes 
more defensible to also call rising auto access a trigger in its own right.



The extent to which one or the other of these scenarios holds—and it is possible that 
both hold to different degrees—determines the extent of the endogeneity. Unfortunately, 
we lack the data to measure underlying discontent, so we cannot control persuasively for 
endogeneity. This problem is a function of our empirical obstacle: no single data set allows 
us to fully test our hypothesis.



Ideally we would be able to follow households—both riders and non-riders—over time 
in a single market, and observe how their transit behavior changes not just as they acquire 
automobiles, but also as the quality and quantity of transit service changes, as driving con-
ditions and costs change, and so on. The data that measure these phenomena, however, are 
spread across multiple sources, rarely longitudinal, and frequently incompatible. Annual 
data on transit service quantity and (to a lesser extent) quality are available through the 
National Transit Database (NTD), but these data offer no information on the vehicle access 
or personal attributes of transit riders. Detailed household- and person-level data are avail-
able annually from the U.S. Census, but the Census for the most part does not include 
travel data. It tracks the journey to work, but not, crucially, the total number of transit trips.



The CHTS does not include data on the quality or quantity of transit service, but does 
provide in-depth data on travel of all types by Californians, as well as extensive person- 
and household-level socioeconomic information. Unfortunately, the CHTS is a one-year 
snapshot of 2012. We thus have one data set that has household-level demographic data for 
multiple years but no transit ridership or service data; one that has household-level demo-
graphic and ridership data, but for only one year (and without service data); and one that 
has annual service data with no household-level data at all.



7 This assumption is uncontroversial: travel is generally considered a derived demand.
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We resolve these problems as best we can by combining CHTS and Census data in a two-
step approach. We first use the CHTS to estimate a regression that predicts total unlinked transit 
trips as a function of different demographic, socioeconomic, and neighborhood attributes—sex, 
nativity, income, age, vehicle ownership, and so on. Crucially, in this regression we only use 
covariates that are included in both the CHTS and Census. We then take the parameters from 
this regression and apply them to Census data from different years (2000, 2005, 2010, 2015). 
This approach allows us to see how predicted ridership will change with changes in these various 
socioeconomic characteristics. We use the CHTS, in short, to estimate the relationship between 
transit use and different social and economic characteristics, and then use the Census to track 
how those characteristics have changed. Combining these estimates yields a single estimate of 
how changes in those characteristics would change transit ridership.



This approach is imperfect. First, it assumes a relatively constant relationship between transit 
use and the socioeconomic and demographic attributes we measure. We assume, in other words, 
that changes in transit use from 2000 to 2015 are driven primarily by changes in the composi-
tion of the population, and not by changes in the propensity to use transit by different population 
subgroups. So our approach is more valid, for example, if ridership changes over time because 
(all else equal) there are more or fewer people in poverty, or more or fewer people with vehicles, 
and not because people with the same poverty level or same vehicle access become more or less 
likely to ride transit. The latter scenario is possible, and we cannot discount it, but we also can-
not measure it [although see Schouten et al (2021) for an examination of population composition 
and transit use in California].



Second, while our first step involves making predictions, we are not building predictive mod-
els. We test a particular hypothesis about vehicle access and transit use, and we build a model 
that includes those variables and adequately controls for other factors. We are not seeking regres-
sion output that precisely matches observed transit ridership. A model of that sort would require 
NTD data, and as we discussed above, using those data precludes use of the person-based socio-
economic data required to test our hypothesis. As such, our regression yields an estimate of the 
relative magnitude of the importance of auto access, not a precise measure of how many trips 
each additional increment of auto access actually cost Southern California.



Third, since our regressions do not include controls for changes in service quality and quan-
tity, they do not control for endogeneity. As a result, our results are not causal. In the next section 
we descriptively explore the extent of potential endogeneity.



We build models for the six-county Southern California region, for Los Angeles County, and 
for the Southern California region outside Los Angeles. The unit of analysis is the individual 
survey respondent, and the dependent variable is the survey respondent’s daily unlinked transit 
trips. Transit trips are an over-dispersed count variable, so we use negative binomial regressions.8



Figure 3 shows results from the first stage of our analysis (full regression results are in 
the Appendix). They suggest, consistent with both expectations and the descriptive data 
in Fig. 1, a strong negative relationship between transit trips and automobile access, even 
controlling for other factors. Beyond automobile access, transit use is positively associated 



8 Because most people do not ride transit, the dependent variable in these regressions has many zero val-
ues. We experimented with zero-inflated negative binomial regressions, but in most cases they did not con-
verge. Our judgment is that such inflation would make little difference. Zero-inflation is most useful with 
Poisson models, since the zeroes create over-dispersion and Poisson regressions assume equi-dispersion. 
But the conventional negative binomial is designed to manage over-dispersion, so zero-inflating it offers a 
smaller improvement (Allison 2012).
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with the lack of a driver’s license, being nonwhite, and being foreign-born—especially 
being foreign-born and recently-arrived.9 



Figure 4 shows the results of applying these parameters to Integrated Public Use Micro-
Sample (IPUMS) data from 2000, 2005, 2010, and 2015 (Ruggles et  al. various years). 
To highlight the role of vehicle access, we present two models for each geographic area 
we analyze. The first model, represented by the dashed line, predicts the change in transit 
trips based on changes in all factors except vehicle access (income, nativity, age, etc.). The 
second model, represented by the solid line, is identical to the first, but includes changes in 
automobile access as well. In these models we measure vehicle access as the ratio of vehi-
cles to adults.



The results are dramatic. The models that exclude vehicle access show ridership trend-
ing down from 2000 to 2015, but mildly. By contrast, the models that include vehicle own-
ership estimate a ridership trend that starts at a higher point in 2000 and falls more sharply 
to a lower point in 2015. This trend is consistent with the idea that lower levels of auto 
access are associated with much more transit use, while higher levels of auto access are 
associated with considerably less.



The lines and the changes in the model coefficients (shown in Table  3) also suggest 
that associations between income and transit use are largely mediated by vehicle access. 
Income matters largely because it is a means to access automobiles. When vehicle access is 
not included in the model, the coefficients associated with income are substantially larger, 
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Fig. 3  Southern California unlinked transit trip predictors. Source: 2012 California Household Travel Sur-
vey



9 For the most part our CHTS regressions only include variables that also appear in the IPUMS. The lone 
exception is the licensure variable. We include this in the regression so that the auto ownership variable we 
apply to the Census data is purged of any influence from licensure.
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suggesting that income differences in transit ridership shrink once we control for vehicle 
access. The same holds true for housing tenure (Table 3). 



Endogeneity: changes in vehicle access vs changes that prompt vehicle 
access



Is vehicle access a cause of recent declines in transit ridership, a correlate of some underly-
ing cause, or some combination of both? We examine this question by investigating changes 
in the ease of vehicle access and changes in underlying attitudes toward transit. If underlying 
attitudes toward transit did not change, but vehicles became easier to acquire, then vehicle 
access may have been a triggering event. If underlying factors did change, however, we can-
not rule out that those factors play a role, even if vehicle access also became easier.10



Vehicles are easier to acquire when their prices fall or incomes rise. Overall, neither average 
nor median incomes rose notably in Southern California between 2000 and 2015. LA County’s 
real median household income, for example, was about $59,000 in both 2000 and 2015, and 
was slightly lower in 2010, during the recession. However, incomes rose among some popula-
tion groups most likely to use transit. In 2015 newer waves of immigrants (those in the country 
less than 10 years) had slightly higher mean incomes than recent immigrants in 2000, which 
might help explain the increase in vehicles among this group (Ruggles et al. various).



Even at constant incomes, however, households can acquire more vehicles, if the effective 
price of those vehicles falls. The effective price, importantly, is not the sticker price but the actual 
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Fig. 4  Relationship between increased vehicle ownership and falling transit trips. Source: 2012 California 
Household Travel Survey and U.S. Census Bureau



10 Dissatisfaction with transit may be associated with peer-norming. If most transit riders primarily associ-
ate with other people who primarily ride transit, the relative disadvantage of transit riding may be less sali-
ent. If more transit riders begin driving, however, people who remain on transit might become more frus-
trated with transit service, even if by objective measures service quality does not decline, or even improves. 
We have no way to measure this, but note that it could be part of the association we capture between vehicle 
access and transit use.
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outlay required to drive the vehicle home. For many people the effective price is heavily influ-
enced by the availability of credit, and as credit became cheaper in the early aughts, households 
took on more debt. Inflation-adjusted per capita vehicle debt in California rose 91% between 
2000 and 2015, implying that a surge in car ownership was matched by a surge in vehicle debt 
(Federal Reserve Bank of New York n.d.).



The socioeconomic status of the typical transit rider, however, suggests that for someone on 
the margin of vehicle ownership the decisive question is not about financing but whether they 
have a full cash payment for a used car. Table 4, assembled from data in Pierce et al. (2019), 
shows that low-income households in California overwhelmingly buy used cars with cash, and 
that fewer than half buy from formal dealers.



Used vehicle prices did fall notably after 2000 (Mannheim Consulting n.d.). Industry analysts 
suggest that prices fell in part because of changes in financing, but also because automobile leas-
ing peaked in 1999.11 Leasing in the 1990s, unlike today, was more common among less popular 
vehicle models, and aimed primarily at buyers unable to secure financing. As these leases ended 
in the 2000s, millions of cars flooded the used car market, depressing the average price of used 
cars overall (Cox Automotive 2018).12



The effect of these lower prices may have been augmented by the rise of internet used car 
sales. The cheapest used vehicles are often sold by owners for cash, and the cash sales ben-
efit both buyers and sellers. Sellers typically get higher prices than they would if they sold 
or traded in to dealers, while buyers typically pay less to a private party than they would if 
buying from a dealer.13 The benefits of cash sales, however, have traditionally been counter-
balanced by high search and uncertainty costs on both sides of the transaction: the buyer and 
seller need to find each other, and trust that both the transfer of ownership and payment are 
legitimate. Dealerships provide a coordinating mechanism and transaction security that, for 
decades, private sales lacked. Searchable internet sales, however, such as those on Craigslist, 
help resolve the search part of this problem, by making cheap used cars much easier to find.



Table 3  Income and tenure associations with number of transit trips, with and without vehicle controls



Negative binomial regressions, estimated from CHTS. Full results in Appendix
*p < 0.1; **p < 0.05; ***p < 0.01



Southern California Los Angeles County SoCal outside LA



W/out vehicles Vehicles W/out vehicles Vehicles W/out vehicles Vehicles



Income (base: 0–25k)
 25–50k − 0.565***



(0.005)
− 0.071***
(0.005)



− 0.612***
(0.006)



− 0.005
(0.006)



− 0.458***
(0.010)



− 0.492***
(0.011)



 50–100k − 1.066***
(0.005)



− 0.216***
(0.006)



− 1.064***
(0.006)



− 0.226***
(0.006)



− 1.060***
(0.011)



− 0.324***
(0.011)



 100k+ − 0.990***
(0.006)



0.039***
(0.006)



− 1.107***
(0.007)



− 0.065***
(0.007)



− 0.845***
(0.012)



− 0.048***
(0.012)



 Renter 1.149***
(0.004)



0.704***
(0.004)



1.000***
(0.004)



0.615***
(0.004)



1.060***
(0.008)



0.302***
(0.008)



12 Used car prices spiked dramatically during the COVID-19 pandemic (Economist 2021).



11 Lease originations reached a new absolute peak in 2016, but not a peak as a share of all vehicles sold 
(Cox Automotive 2018).



13 The Kelly Blue Book and similar pricing services estimate three prices for used cars: the purchase price 
at a car dealer, the lower private party purchase price, and the lower still trade-in price from selling to a 
dealer.
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Quantifying the impact of cheaper used cars is difficult. Craigslist began operating in 
Southern California in 2001, but to our knowledge no publicly-available data track the 
number of vehicles sold on the site. Figure 5 illustrates used vehicle trends with the best 
data available, and compares them to trends in vehicle ownership and transit ridership, 
from 1990 to 2015. We see that the price of used vehicles in the Western US, as measured 
by the used vehicle consumer price index (CPI), rose substantially over the 1990s, while 
the national used car finance rate fell slightly and then rose. In 2001, however, both prices 
and finance rates entered steep declines, and did not bottom out until the Great Recession. 
At essentially the same time, the share of households without vehicles in Los Angeles also 
began to fall. Per capita transit use in Los Angeles began falling a few years after that.14 



Underlying discontent: service quantity and quality



We now turn to the question of whether transit became absolutely or relatively less attractive 
(controlling for vehicle access) during our study period. We examine this question by asking 
if people saw less value in transit. Transit can fall in value if service stays constant while fares 
rise, or if fares stay constant (or rise) while service declines. Service can decline, in turn, if 
quantity falls (fewer routes are operated or frequency on them declines) or quality falls (reli-
ability declines, or passengers feel less comfortable or safe). We take up these factors in turn.



On average, inflation-adjusted fares per boarding were flat in both Los Angeles County 
and Southern California between 2000 and 2015.15 This stability was not uniform—fares 



Table 4  Vehicle purchases 
by low-income California 
households. Source: Pierce et al. 
(2019)



Semi-formal dealer includes local garage or repair shop, Buy-Here-
Pay-Here-Lot, or On-Street Advertiser



Under 25k (%) All (%)



Purchase type
New 31 39
Used 69 61
Seller type
Formal dealer 47 60
Semi-formal dealer 10 11
From social network 27 20
From internet 13 10
Financing type
Cash 62 45
Loan for part of cost 18 27
Loan for entirety of cost 15 23
Other 5 5



14 Figure 5 shows the share of households without vehicles falling after 2000, while the finance rates and 
prices started falling in 2001. This discrepancy may be an artifact of interpolation. Census data on house-
hold vehicle ownership are not available annually before 2006, so the line is interpolated between 1990, 
2000, and 2006.
15 We measure fares as total fare revenue divided by total boardings. This calculation does not capture the 
myriad fares paid by many different riders, some of whom pay lower rates than others as a result of monthly 
passes, discounts due to age or disability, etc. Fares per mile traveled fell slightly over this time, but fares per 
boarding are probably more salient to riders.
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for the Orange County Transportation Authority (OCTA) and Santa Monica Big Blue Bus 
increased about 50% between 2002 and 2016, and  this may have influenced ridership on 
those operators. But the largest operator, LA Metro, saw substantial ridership losses despite 
no real increase in average fare paid per boarding.



Service quantity, in both Southern California and Los Angeles County, appears to have 
risen, not fallen, as ridership declined. Transit vehicle revenue hours (VRH) in Southern 
California increased from both 2005 to 2016 and 2010 to 2016, and did so on operators 
large and small. VRH grew least among the operators that lost the most riders, but grew 
nevertheless.16
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Fig. 5  Vehicle access and transit ridership 1990–2018. Sources: US Bureau of Labor Statistics various 
years (used car CPI) Board of Governors of the Federal Reserve various (used car finance rate), US Census 
Bureau various (households without vehicles), National Transit Database (transit trips per capita)



16 Service levels can also be measured through vehicle revenue miles (VRM). VRM in Southern Califor-
nia did decline from 2000 to 2015, leading some observers to blame falling VRM for ridership declines 
(Boisjoly et al. 2018; Hertz 2015; Harrison 2017). But VRM alone is hard to interpret. VRM captures the 
distance that transit vehicles cover, while VRH measures the amount of time they operate. VRM will as 
a result have a higher variance than VRH, because the time between stops varies less than the distance. 
For instance, compare a dozen stops spaced far apart in uncongested suburbs to closely-spaced stops in a 
congested urban center. The miles covered on the two routes will differ much more than the time required 
to serve them. Falling VRM can therefore indicate reduced service quantity, but also indicate degraded 
quality (transit vehicles operating in higher levels of congestion) or that transit operators have strategically 
increased local rather than express service, and/or redirected service from outlying to central areas. In these 
latter scenarios a vehicle might be moved to areas where service quality is lower, in an effort to make ser-
vice quality better. Distinguishing among all these possibilities requires examining VRH. If VRM and VRH 
fall at roughly the same rate, then service quantity is likely falling absolutely. But VRM fell in Southern 
California while VRH did not, which suggests that some combination of increased traffic delays and rede-
ployed service—rather than service cuts—were at play.











 Transportation



1 3



Service quality is harder to measure than quantity, but does appear to have deteriorated 
as ridership declined. Region-wide bus vehicle speeds fell 13% from 2000 to 2015, most 
likely due to worsening congestion.17 Falling speeds could reduce bus ridership. But speed 
did not fall nearly as much on rail: rail speeds fell only 2%, and rail service maintained 
a near-perfect on-time record from 2000 to 2016. Rail ridership, however, fell alongside 
bus ridership, suggesting that speed deterioration alone cannot be responsible for falling 
ridership.18



Rail may have suffered a different form of service degradation (which may affect buses 
as well): an increasing sense of discomfort on the part of passengers. Some journalistic 
accounts, as well as reports from within LA Metro, suggest that many homeless people in 
LA use transit vehicles and stations (especially rail vehicles and stations) for shelter and 
protection (Nelson 2018b; Haskell 2019; Loukaitou-Sideris et al 2021). If potential riders 
find the presence of homeless people on or near transit disturbing or threatening, transit use 
becomes less appealing—regardless of whether homeless people are in fact a threat.



Data to substantiate this narrative are suggestive but fragmentary. Counts of the home-
less population in LA County, while always prone to error, suggest a dramatic spike in not 
just unhoused people but unsheltered, chronically homeless people in particular. Unshel-
tered homeless people are more likely to be in or near transit, and chronically homeless 
people, because they are more likely to struggle with addiction or mental illness, are more 
likely to be perceived as threatening by others. Between 2013 and 2017, the estimated 
homeless population in LA County rose from 39,000 to 58,000, the share of the homeless 
who lacked shelter rose from 64 to 74%, the share who were chronically homeless rose 
from 17 to 28%, and the share of the unsheltered who were chronically homeless rose from 
26 to 38% (LAHSA various). Moreover, while the share of Metro riders who reported that 
they felt unsafe on transit did not change much, former riders surveyed by Metro report 
riding less because they felt unsafe.19 Nevertheless, no solid data link these feelings to an 
increased presence of homeless people on or near transit. While we cannot discount this 
potential cause, we also cannot confirm it.



Other potential factors



Poverty suburbanized during the 2000s, which may have reduced transit use. Transit in 
Southern California is heavily supplied in a small proportion of places, and heavily used by 
a small proportion of people. If the small group of regular transit users becomes less likely 
to live in the small number of places where transit service is frequent, perhaps because 
dense neighborhoods gentrify, then transit use could fall.



17 We measure quality with speed data. Transit agencies also measure quality with self-reported “reliabil-
ity,” or the proportion of on-time arrivals. LA Metro’s reliability improved dramatically from 2008 to 2016 
(Flowers and Snoble 2008; Mendelson 2015). But reliability reflects both the conditions vehicles face and 
the schedules they follow—and the operators set the schedules. Operators can therefore improve reliability 
by meeting the existing schedule more often or by changing the schedule to make it easier to meet. Only 
one of these manifests as better service for the passenger, and we lack the data to differentiate between 
them.
18 The oldest currently operating LA rail line was taken offline entirely in 2019 for maintenance, following 
service cutbacks. Ridership losses predate these problems.
19 The share of riders who report feeling unsafe comes from LA Metro’s Annual Rider Surveys. LA Metro 
never published the survey of former riders, but it is available from the authors on request and is mentioned 
in Nelson (2018b).
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The IPUMs data in our regressions do not offer neighborhood-level granularity, so we 
cannot know where riders lived or moved to or from. It is possible, therefore, that some of 
the increased vehicle access we see among lower-income people was motivated in part by 
being forced to move away from higher-quality transit. This question, of whether neighbor-
hood change influences transit use, deserves more research.



A second potential factor is fuel prices. Fuel prices in Southern California climbed dra-
matically from 1998 to 2008, plunged, rose again to a peak in 2012, then fell dramati-
cally (Manville et al. 2018). Existing research suggests that falling fuel prices have a large 
impact on volumes of driving, and a real but more modest impact on transit use (Iseki and 
Ali 2015). Cheaper fuel can only trigger less transit use among people who have vehicle 
access, and in almost every year since 2010 over-two thirds of LA Metro riders, and over 
75% of LA Metro bus riders, report lacking access to a vehicle. It is possible, of course, 
that falling fuel prices encouraged the minority of riders with vehicle access to ride less, 
and also tipped some marginal travelers—those teetering between driving and transit—
back into their cars. Per capita transit use in Southern California has been mostly falling 
since 2007, and it fell between 2009 and 2011 when fuel prices rose sharply. Nevertheless, 
we cannot rule out falling fuel prices as a contributor to falling transit ridership.



The final factor we consider is ridehailing: Lyft and Uber. What little we know about 
ridehailing users suggests that most are not regular transit riders (Clewlow and Mishra 
2017; Feigon and Murphy 2016; Rayle et  al 2016). Nevertheless, ridehail service could 
both complement and compete with transit. On one hand, some would-be transit riders 
might be drawn away by ridehail service, since it can offer the convenience of automo-
bile travel to people who lack automobiles of their own. Ridehailing is, in this sense, just 
another form of vehicle access. On the other hand, ridehail service could increase transit 
use by improving access to and from stops and stations, and by offering transit riders a 
form of insurance. If some people drive rather than ride transit because they worry about 
emergencies where they might need a car (for instance, sick children needing transporta-
tion home from school), then the presence of ridehail service can lower transit’s perceived 
risk, and make it more attractive.



Ridehail data are privately-held, so measuring these effects is difficult, and beyond the scope 
of our inquiry. The relatively few studies that examine ridehail impacts on transit yield mixed 
results. Hall et al. (2018) analyze all US MSAs from 2004 to 2015 and find that Uber use com-
plements transit ridership on average, although the service’s impact varies substantially by the 
size of the both the metropolitan area and the transit agency. Graehler et al. (2019), in contrast, 
analyzed only 22 US urbanized areas, but did so from 2002 to 2018, and thus included years 
when TNC use grew most. They find that the entry of Uber has diminished US transit ridership.



We cannot rule out ridehailing reducing ridership in Southern California. But while ridehail 
firms could contribute to the problem, they cannot explain it entirely. Per capita transit rider-
ship began falling in 2007. Uber was not founded until 2009, as a car service, and did not begin 
ridehail operations until 2012 (when Lyft also launched). Neither Uber nor Lyft arrived in Los 
Angeles until 2013, and neither launched lower-cost shared rides until 2014. Both firms grew 
dramatically after 2015, by which point transit was already declining absolutely.
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Conclusion



Transit ridership fell sharply across the United States in the 2010s, and perhaps nowhere more 
notably than Los Angeles, where large investments in service coincided with steep declines in 
pre-pandemic patronage. What caused these losses? We suggest that these pre-COVID declines 
in Southern California ridership were strongly associated with increases in vehicle access, and 
that this new vehicle access may have itself been enabled by the falling price of used cars. To be 
sure, vehicle access is unlikely the lone culprit. Ridehail firms, gas prices, and changing service 
quality may have also played a role. Vehicle access, however, matches the timing of transit’s 
pre-COVID decline, and the relationship between vehicle access and ridership is robust to a 
host of controls.



Most important, rising vehicle access as a source of lost ridership makes sense conceptually. 
Los Angeles, like most of the US, has long been designed for automobiles. For that reason, 
most people in LA who can afford cars buy and use them. Transit is reserved largely for people 
with limited access to vehicles, and transit riders—by dint of using public transportation in a 
landscape laid out for private transportation—suffer diminished mobility and access. This basic 
fact—the structural advantage of the auto over transit—has not changed much during our study 
period, and indeed to the extent it has changed it has done so slightly in transit’s favor, as con-
gestion has made auto access fall. What did change, however, was the ease with which transit 
riders could buy a vehicle, escape transit’s confines, and enjoy the same access and mobility as 
the driving majority. Our evidence suggests that vehicles became cheaper and easier to find, and 
low-income households began adding them, right before transit ridership started ticking down. 
And because vehicle ownership is “sticky”—once people have cars, they tend to drive them—
even a onetime surge in vehicle ownership could portend an extended slump in ridership.



Not every large urban region resembles Los Angeles. Indeed, many of the nation’s largest 
regions, which hold the most transit riders, differ from it profoundly. American transit rider-
ship is concentrated in large urban centers not designed around cars. This concentration makes 
“national” transit ridership difficult to analyze. Nevertheless, Los Angeles holds lessons for the 
hundreds of urban areas where transit is primarily a safety net. These are not the places that 
hold the most riders, but they are most places.



When transit is primarily a social service, improvements in low-income mobility can 
threaten transit’s viability. Transit works better, and transit agencies fare better, when more peo-
ple ride. But riding in most places is usually inferior to driving. In places designed for the car, 
transit’s viability thus depends on many low-income people having constrained mobility. From 
an equity perspective, this situation might create an uncomfortable tension. The same egali-
tarian impulse that recognizes transit’s importance to low-income people should also see the 
value of low-income people acquiring cars and graduating away from it. If transit is important 
because it provides a safety net level of mobility for the vulnerable, then vehicle acquisition by 
low-income people, which dramatically improves their mobility, should be important as well.
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Recognizing that cars can have high value for former transit riders is different from seeing 
falling transit ridership as socially costless. Driving contributes to a plethora of social problems. 
Also, not every rider can acquire a car, and as ridership falls, service might deteriorate for those 
still on transit. Lower-income travelers who acquire cars and leave transit improve their mobility 
and access, but also—by imposing costs on transit agencies—create problems for the people 
who remain.



The problem here lies not with the behavior of the people buying cars, but with the broader 
circumstances that make transit a mode of last resort, and driving a mode of first resort. In urban 
areas where buses must contend with traffic, where roads are wide and free, where gasoline is 
only modestly-taxed, and where parking is abundant and densities low, transit ridership will be 
comprised disproportionately of disadvantaged people, many of them yearning to drive. These 
yearnings will mean that transit, the economic lifeline on which its riders collectively rely, will 
also be perversely vulnerable to its riders’ individual economic success. If driving were less 
privileged and transit more effective, transit riders would be less uniformly low-income, and 
this dilemma would diminish, and perhaps disappear.



That last point is important, so we make it one final way. The fact of America’s auto-orien-
tation makes the question of why transit ridership fell before COVID-19 fundamentally differ-
ent from the question of how to make it rise afterward. Analysts and agencies (including us, in 
this article) often focus on why the small share of people who regularly use transit began using 
it less. This is an important question, but it too easily takes as given the enormous structural 
benefits public policy bestows on private driving. Asking how to make transit ridership rise, in 
contrast, expands the focus beyond current riders who are riding less, and puts more emphasis 
on current drivers who never ride. In doing so it also puts the structural advantages of driving 
on the table. If reducing or removing those benefits—through parking and congestion charges, 
bus-only lanes, and higher density development—nudged even small shares of current drivers 
onto transit vehicles, ridership would rise dramatically.



Appendix: Full descriptive statistics and regression output



See Tables 5 and 6.
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Table 5  Descriptive statistics, 
CHTS regression sample: share 
taking transit on survey day. 
Source: California Department of 
Transportation (2012)



Six 
County South-
ern California 
Region



Los Angeles 
County Alone



Southern 
California 
outside LA 
County



All (weighted) 4.8 6.9 2.4
All (unweighted) 3.7 5.6 1.8
Age
 < 16 3.2 4.7 1.6
 16–25 7.3 10.6 3.5
 26–45 5.2 7.3 2.6
 46–65 4.9 6.9 2.4
 66–79 4.2 6 2
 80+ 2.3 3.3 1.1



Race/ethnicity
 White 2.2 3.2 1.3
 Asian 3.1 4.2 1.2
 Hispanic 7.1 9.8 3.7
 Af. Am 9.3 11 4.4
 Other race 3.5 2.9 4.3



Immigrant tenure
 Native born 3.8 5.7 1.8
 0–5 years 13.8 16.4 8.5
 5–10 years 10.4 13.5 5
 10–20 years 11 14.3 6.3
 20–30 years 7.9 9.8 5.1
 30+ years 5 6.3 2.8



Income
 $0–$25k 11.4 15.2 5.9
 $25k–$50k 5.3 7.5 2.6
 $50k–$100k 2 3 1
 $100k+ 1.7 2.3 1.1



Vehicle-to-adult ratio
 0 vehicles 28.6 31.5 21.5
 0.01–0.49 13.2 16.4 7.3
 0.5 veh/adult 6.4 8.9 2.9
 0.51–0.99 2.2 2.8 1.6
 1 veh/adult 1.2 1.7 0.6
 1.01–1.5 1.4 1.7 1.1
 > 1.5 1.9 3.1 0.6



Licensure
 License 2.6 3.8 1.2
 No license 18.2 22.2 11.4
 Non-adult 3.2 4.7 1.6



N 35,875 17,830 18,045
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Table 6  Associations with number of transit trips, negative binomial regressions



Six County Southern Cali-
fornia Region



Los Angeles County Alone Southern California outside 
LA County



W/out vehi-
cles



Vehicles W/out vehi-
cles



Vehicles W/out vehi-
cles



Vehicles



Age (base: 0–15)
 16–25 1.250***



(0.006)
1.190***
(0.005)



1.176*** 1.124***
(0.006)



1.404***
(0.012)



1.166***
(0.011)(0.007)



 26–35 0.637***
(0.006)



0.615***
(0.006)



0.729***
(0.007)



0.666***
(0.007)



− 0.099***
(0.013)



− 0.094***
(0.013)



 36–45 0.825***
(0.006)



0.901***
(0.006)



0.772***
(0.007)



0.840***
(0.007)



0.827***
(0.013)



0.862***
(0.013)



 46–55 0.854***
(0.006)



0.855***
(0.006)



0.860***
(0.007)



0.839***
(0.007)



0.772***
(0.012)



0.714***
(0.012)



 56–65 1.029***
(0.007)



1.048***
(0.007)



1.038***
(0.008)



0.964***
(0.008)



0.799***
(0.014)



1.016***
(0.013)



 66–79 0.615***
(0.008)



0.677***
(0.007)



0.609***
(0.009)



0.666***
(0.008)



0.356***
(0.015)



0.371***
(0.016)



 80+ 0.106***
(0.011)



− 0.119***
(0.011)



0.159***
(0.013)



− 0.054***
(0.013)



− 0.258***
(0.023)



− 0.527***
(0.024)



Immigrant 1.520***
(0.017)



1.598***
(0.016)



1.175***
(0.019)



1.257***
(0.018)



2.027***
(0.039)



1.591***
(0.036)



Female − 0.167***
(0.004)



− 0.132***
(0.004)



− 0.191***
(0.004)



− 0.176***
(0.004)



− 0.050***
(0.007)



0.023***
(0.007)



Income (base: 0–25k)
 25–50k − 0.565***



(0.005)
− 0.071***
(0.005)



− 0.612***
(0.006)



− 0.005
(0.006)



− 0.458***
(0.010)



− 0.492***
(0.011)



 50–100k − 1.066***
(0.005)



− 0.216***
(0.006)



− 1.064***
(0.006)



− 0.226***
(0.006)



− 1.060***
(0.011)



− 0.324***
(0.011)



 100k+ − 0.990***
(0.006)



0.039***
(0.006)



− 1.107***
(0.007)



− 0.065***
(0.007)



− 0.845***
(0.012)



− 0.048***
(0.012)



Race/Eth (base: white)
 Black 1.212***



(0.006)
0.979***
(0.006)



1.047***
(0.006)



0.777***
(0.006)



0.492***
(0.016)



0.833***
(0.014)



 Asian 0.279***
(0.008)



0.072***
(0.008)



0.197***
(0.009)



− 0.040***
(0.009)



− 0.160***
(0.018)



− 0.260***
(0.018)



 Hispanic 0.560***
(0.005)



0.451***
(0.005)



0.529***
(0.006)



0.408***
(0.005)



0.361***
(0.009)



0.246***
(0.009)



 Other race − 0.888***
(0.033)



− 1.108***
(0.035)



− 0.834***
(0.038)



− 1.150***
(0.042)



− 0.770***
(0.059)



− 0.722***
(0.057)



Not employed − 0.100***
(0.004)



− 0.217***
(0.004)



− 0.041***
(0.004)



− 0.144***
(0.004)



− 0.252***
(0.008)



− 0.381***
(0.008)



With disability 0.307***
(0.006)



0.071***
(0.006)



0.059***
(0.007)



− 0.235***
(0.006)



0.932***
(0.012)



0.851***
(0.011)



Renter 1.149***
(0.004)



0.704***
(0.004)



1.000***
(0.004)



0.615***
(0.004)



1.060***
(0.008)



0.302***
(0.008)



Years in US (base: Native)
 10–20 years − 1.020***



(0.014)
− 0.867***
(0.012)



− 0.791***
(0.015)



− 0.741***
(0.014)



− 1.247***
(0.032)



− 0.564***
(0.029)



 20–30 years − 1.027***
(0.014)



− 0.892***
(0.013)



− 0.792***
(0.015)



− 0.773***
(0.014)



− 1.621***
(0.033)



− 0.975***
(0.029)
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Table 6  (continued)



Six County Southern Cali-
fornia Region



Los Angeles County Alone Southern California outside 
LA County



W/out vehi-
cles



Vehicles W/out vehi-
cles



Vehicles W/out vehi-
cles



Vehicles



 30+ years − 1.308***
(0.014)



− 1.126***
(0.013)



− 1.109***
(0.015)



− 0.846***
(0.014)



− 1.842***
(0.033)



− 1.989***
(0.030)



 Less than 
10 years



− 1.117***
(0.015)



− 0.754***
(0.014)



− 0.847***
(0.017)



− 0.465***
(0.015)



− 2.068***
(0.038)



− 1.862***
(0.035)



HH Adults (base: 1 adult)
 2 adults − 0.256***



(0.005)
− 0.163***
(0.006)



− 0.326***
(0.012)



 3 adults − 0.205***
(0.006)



− 0.068***
(0.006)



− 0.561***
(0.013)



 4+ adults − 0.271***
(0.006)



− 0.191***
(0.007)



− 0.534***
(0.013)



Veh/adult ratio (Base: > 1.5)
 0 vehicles 2.118***



(0.011)
1.778***
(0.013)



3.723***
(0.028)



 0.01–0.49 1.216***
(0.011)



0.986***
(0.012)



2.130***
(0.027)



 0.5 0.694***
(0.010)



0.500***
(0.012)



1.657***
(0.026)



 0.51–0.99 − 0.164***
(0.011)



− 0.414***
(0.012)



0.898***
(0.026)



 1 − 0.696***
(0.010)



− 0.826***
(0.012)



0.052**
(0.026)



 1.01–1.5 − 0.160***
(0.012)



− 0.288***
(0.014)



0.652***
(0.028)



Immigrant * 
female



0.471***
(0.007)



0.386***
(0.007)



0.426***
(0.008)



0.414***
(0.007)



0.563***
(0.015)



0.402***
(0.014)



Immigrant * 
100k+



0.199***
(0.012)



0.019*
(0.011)



0.119***
(0.013)



− 0.154***
(0.013)



1.023***
(0.024)



1.316***
(0.023)



Immigrant * 
50k



0.092***
(0.009)



− 0.132***
(0.008)



0.250***
(0.010)



− 0.108***
(0.009)



− 0.190***
(0.019)



0.273***
(0.018)



Immigrant * 
100k



− 0.107***
(0.010)



− 0.151***
(0.010)



− 0.007
(0.012)



− 0.067***
(0.011)



− 0.696***
(0.024)



− 0.372***
(0.023)



Immigrant * 
Af. Am



− 0.446***
(0.026)



− 0.654***
(0.024)



− 0.714***
(0.028)



− 0.580***
(0.026)



0.889***
(0.059)



− 0.558***
(0.054)



Immigrant * 
Asian



− 0.430***
(0.014)



− 0.539***
(0.013)



− 0.364***
(0.015)



− 0.379***
(0.015)



− 1.096***
(0.031)



− 1.269***
(0.030)



Immigrant * 
Hispanic



− 0.334***
(0.012)



− 0.482***
(0.011)



− 0.382***
(0.013)



− 0.456***
(0.013)



0.174***
(0.025)



− 0.170***
(0.024)



Immigrant * 
other race



0.383***
(0.048)



0.144***
(0.049)



− 0.499***
(0.058)



− 0.614***
(0.063)



1.364***
(0.090)



0.896***
(0.085)



Constant − 3.066***
(0.008)



− 3.879***
(0.012)



− 2.661***
(0.009)



− 3.226***
(0.013)



− 3.398***
(0.016)



− 4.997***
(0.028)



N 35,710 35,710 17,736 17,736 17,974 17,974
Log Likeli-



hood
− 4,176,820 − 4,038,281 − 3,084,798 − 2,989,386 − 1,019,573 − 979,084
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NATURE | NEWS



Organic farming is rarely enough
Conventional agriculture gives higher yields under most conditions.



25 April 2012



Organic farming is sometimes touted as a way to feed the world's burgeoning population without destroying the environment. But the
evidence for that has been hotly debated.



Now, a comprehensive analysis of the existing science, published in Nature1, suggests that farming without the use of chemical
fertilizers and pesticides could supply needs in some circumstances. But yields are lower than in conventional farming, so producing
the bulk of the globe’s diet will require agricultural techniques including the use of fertilizers, the study concludes.



“I think organic farming does have a role to play because under some conditions it
does perform pretty well,” says Verena Seufert, an Earth system scientist at McGill
University in Montreal, Canada, and the study’s lead author. But “overall, organic
yields are significantly lower than conventional yields”, she says.



Area under inspection
Seufert's meta-analysis reviewed 66 studies comparing the yields of 34 different crop
species in organic and conventional farming systems. The researchers included only
studies that assessed the total land area used, allowing them to compare crop yields
per unit area. Many previous studies that have showed large yields for organic
farming ignore the size of the area planted — which is often bigger than in
conventional farming.



Crop yields from organic farming are as much as 34% lower than those from comparable conventional farming practices, the analysis
finds. Organic agriculture performs particularly poorly for vegetables and some cereal crops such as wheat, which make up the lion’s
share of the food consumed around the world.



Cereals and vegetables need lots of nitrogen to grow, suggesting that the yield differences are in large part attributable to nitrogen
deficiencies in organic systems, says Seufert.



In conventional agricultural systems, farmers apply chemical fertilizers to fields while the crops are growing, delivering key nutrients
such as nitrogen when the crops need it most. Organic approaches, such as laying crop residue on the soil surface, build up nutrients
over a longer period of time. “There is not the synchrony between supply of nutrients and crop demand,” says Andrew MacDonald, a
soil scientist at Rothamsted Research, an agricultural-science institute in Harpenden, UK.



Fruitful farming
Organic approaches fare better when producing fruits such as strawberries — which have yields only 3% lower than in conventional
farming — and oilseed crops such as soybean, which have 11% lower yields. Organic farmers can boost yields of less-productive
crops through land-management practices, such as planting them in rotation with leguminous crops that fix nitrogen into the soil, says
Seufert.



“There is still a big yield difference but the study does suggest organic systems have the potential to produce comparable yields, but in
a very limited number of crops,” says Sonja Vermeulen, director of research for the climate change and agricultural Copenhagen-
based programme led by the Consultative Group on International Agricultural Research .



The present study considered only yield differences; Seufert's next project is to analyse existing research on the environmental
impacts of organic and conventional agriculture. She is also planning original field research to assess how the two systems compare in
developing countries, where reliable data is lacking.



Natasha Gilbert



maxim.photoshelter.com/Alamy



Strawberries are among the few crops that grow
almost as well on organic farms as in conventional
agriculture.



1











“This is where yield increases are most needed,” says Seufert.



Nature doi:10.1038/nature.2012.10519
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Pesticide/Herbicide Residues in Compost



Background
Some pesticides, including carboxylic acid herbicides (aminocyclopyrachlor, aminopyralid, and clopyralid) and pyrethroids (e.g.,
bifenthrin) present challenges to the compost-and-mulch-producing industry, organic farming, and organic diversion goals of the
Department of Resources Recycling and Recoveryʼs (CalRecycle). During the last several years, farmers and home gardeners in several
states have reported damage to vegetable and flower crops a�er applying compost and mulch that contained persistent pesticide
residues. Damage to non-target species has also resulted from application of manure, hay, and grass clippings that contained persistent
carboxylic acid herbicides. In addition, in 2009, bifenthrin residues in compost caused problems for organic farmers and compost
producers. To address pesticide/herbicide residues in compost and mulch, CalRecycle regularly collaborates with the California
Department of Pesticide Regulations (DPR), California Department of Food Agriculture (CDFA), U.S. Department of Agricultureʼs (USDA)
National Organic Program (NOP), farmers, composters, and other stakeholders.



Aminocyclopyrachlor – Imprelis
Aminocyclopyrachlor is a pyrimidine carboxylic acid, a recently discovered synthetic auxinic herbicide that controls broadleaf weeds.
DuPont was in the process of registering Imprelis, a product containing aminocyclopyrachlor, with the DPR. However, on Aug. 4, 2011,
DuPont announced a voluntary suspension of sale and product recall for Imprelis. This action was taken in response to DuPontʼs ongoing
discussions with the U.S. Environmental Protection Agency (U.S. EPA). Imprelis came to the attention of CalRecycle earlier this year as a
product that had the potential to negatively impact the compost-and-mulch-producing infrastructure. Compost produced from turf
clippings can contain aminocyclopyrachlor residue at levels that are phytotoxic to non-target plants. In addition, sensitive trees such as
Norway spruce and white pine can be damaged by Imprelis.



Aminopyralid
Aminopyralid is a pyridine carboxylic acid, an auxinic herbicide that provides systemic post-emergence broad-spectrum control of
broadleaf weeds. In California, aminopyralid products are not allowed on residential lawns. Although this restriction appears to be
e�ective, composters that use hay, manure, and bedding as feedstock should verify that it does not contain aminopyralid residue at levels
that, when composted, could harm non-target plants.



Clopyralid
Clopyralid is an herbicide used to control broadleaf weeds, especially thistles and clover. Clopyralid used on lawns in past years was found
to persist when the grass clippings were composted, threatening the use of compost in certain applications. Clopyralid is no longer
registered for residential lawn use in the United States and professional applicators are required to notify property owners/managers that
clippings are not to be composted.



Education and Outreach
Education and outreach are important in our collective e�orts to mitigate the impact of pesticide residues on the composting industry and
statewide recycling e�orts. As part of this e�ort, the California Integrated Waste Management Board (now CalRecycle), DPR, and
stakeholders in 2005 developed a fact sheet about clopyralid and compost:



Clopyralid Residues in Compost



Compost Testing
The workgroup collaborated with stakeholders to develop the following information as a guide for compost operators and others who may
test compost for pesticide residues.



Survey of Compost Samples for Presence of Clopyralid Herbicide–Final Report 
The CIWMB (now CalRecycle), funded a study conducted by San Diego State University to test compost from facilities located
throughout California for clopyralid residues. Sampling occurred in 2003-2004.





https://www2.calrecycle.ca.gov/Publications/Details/1000


https://www2.calrecycle.ca.gov/Publications/Details/1122








Sampling protocol. Provides a uniform approach to collecting and analyzing compost samples and includes the following forms:
Chain of custody form. U.S. Composting Council
Compost sampling site information. Washington Department of Agriculture
Compost feedstocks summary. Washington Department of Agriculture



Bioassays. Reviews three bioassays for detecting clopyralid residues in compost.
Study outline. Provides a format and guidelines for submitting data to DPR.



Bifenthrin
Bifenthrin is a pyrethroid insecticide used commercially and residentially for the control of pests (i.e. ants, spiders, etc.). In fall 2009, the
California Department of Pesticide Regulation (CDFA) conducted tests and determined that three of Californiaʼs largest compost producers
had product which tested positive for bifenthrin. CDFA directed the a�ected composters to immediately discontinue their organic
operations.



CDFAʼs actions are bound by regulations (sections 205.203[c] & 205.203[e][1]) set forth by the NOP, which require CDFA to test when
complaints are received.



On Oct. 15, 2009, the CIWMB (now CalRecycle), facilitated a meeting with the a�ected composters, representatives of the NOP, CDFA, and
DPR. At the meeting, NOP representatives informed the group that they were in the process of dra�ing a guidance document that would
set an unavoidable residual environmental contamination (UREC) level for bifenthrin in compost. A DPR representative announced that
they are in the process of reevaluating bifenthrin and all similarly classed synthetic pyrethroids. The current evaluation of bifenthrin is for
water pathways, but DPR is willing to include an evaluation for urban pathways of greenwaste to compost if information can be submitted
by stakeholders to support such an evaluation.



On Jan. 21, 2010, CalRecycle sta� moderated a roundtable discussion at the EcoFarm Conference in Pacific Grove, Calif. At the roundtable
Miles McEvoy, deputy administrator of the NOP, unveiled a dra� of the UREC guidelines. The dra� guidelines proposed a UREC level of 0.05
ppm, which corresponds with the lowest US EPA bifenthrin tolerance level for any food product. McEvoy committed to take requests from
stakeholders back to Washington D.C. for consideration.



The National Organic Standards Boardʼs meeting was April 26-29, 2010, at the Heidrick Ag History Center in Woodland, Calif. The meetingʼs
agenda included a report from McEvoy as well as opportunity for public comment on guidance documents.



CalRecycle sta� will continue to work with NOP, CDFA, DPR, composters, and farmers to address the issue of pesticide residuals in
compost. More information can be found on the USDAʼs NOP web page.



Resource Links
California Assembly Bill 2356 (Regulating sale and use of the herbicide clopyralid)
California Department of Pesticide Regulation
Local Enforcement Agency Correspondence-Discussion of Issues Concerning Use of the Herbicide Clopyralid and its Impact on
Composting in California
Oregon Department of Environmental Quality: Clopyralid Study
The Global Invasive Species Team: The Nature Conservancy
U.S. Composting Council



CalRecycle and the composting industry recognize that pesticide residues in compost pose a potential threat to the successful municipal
waste recycling programs that have been implemented throughout California. The CIWMB (now CalRecycle), DPR, and other stakeholders
formed a workgroup in 2002 to assess the scope of the issue and to propose mitigation measures.
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https://www.calrecycle.ca.gov/Organics/


https://www.calrecycle.ca.gov/Organics/Threats/Pesticides/Clopyralid/
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http://www.cdpr.ca.gov/


https://www2.calrecycle.ca.gov/Docs/105050
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Abstract: Glyphosate-based herbicide products are the most widely used broad-spectrum herbicides
in the world for postemergent weed control. There are ever-increasing concerns that glyphosate, if
not used judiciously, may cause adverse nontarget impacts in agroecosystems. The purpose of this
brief review is to present and discuss the state of knowledge with respect to its persistence in the
environment, possible effects on crop health, and impacts on crop nutrition.



Keywords: glyphosate; herbicide degradation; crop health; nutrient availability



1. Introduction



Glyphosate (N-(phosphonomethyl) glycine), after its introduction in the 1970s, became a popular
herbicide among farmers because of its broad-spectrum weed control. The use of glyphosate as a
“burn down” application alone, or in combination with other pre- or postemergent herbicides, became
standard practice in cropping systems throughout the world. Glyphosate is a nonselective, postemergent
herbicide known to control more than 150 weed species, including mono- and dicotyledonous plants
of annual or perennial nature [1]. Glyphosate is the active ingredient in many herbicide products (for
example, Roundup) and is commercially available in its various salt forms, such as isopropylamine,
ammonium, potassium, and trimesium salt. It is used to manage annual broadleaf weeds, grasses, and
sedges in various field and row crops around the globe. Furthermore, its usage has expanded to urban
and natural areas, pastures, forestry, and aquatics.



Generally applied to foliar parts of weeds, glyphosate can enter plants through four potential
routes: the leaves or other green tissues, the roots, the trunk, or shoots emerging from the root
or the trunk [2]. After entering the plants, it is rapidly translocated to regions of active growth
within the plant. The mechanism of action of glyphosate is to block the activity of the enzyme called
5-enol-pyruvyl-shikimate-3-phosphate synthase (EPSPS), which catalyzes the sixth step in the shikimic
acid pathway [3,4]. By blocking the enzyme, it prevents the biosynthesis of aromatic amino acids, viz.
phenylalanine, tyrosine, and tryptophan, produced through the shikimate pathway [5]. Plants treated
with glyphosate normally die within a period of 1–3 weeks, and because of its even distribution in the
plant, no plant parts can survive [6].



Chemically, glyphosate is a phosphonomethyl derivative of the amino acid glycine [7]. It is a
white and odorless crystalline solid having one basic amino group and three ionizable acidic sites
(Table 1) [8]. Glyphosate is a nonvolatile chemical, does not undergo photochemical degradation, and
is stable in air. Glyphosate has been considered a relatively safe compound in the environment because
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of its rapid inactivation in soil by adsorption and degradation [9]. However, owing to its extensive use,
concerns and studies on the behavior of glyphosate in plant and the environment are growing.



Table 1. Selected physical and chemical properties of glyphosate.



Chemical structure
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CAS number 1071-83-6



Chemical name N-(phosphonomethyl) glycine



Empirical formula C3H8NO5P



Molecular weight (g mol−1) 169.08



Water solubility (mg L−1 at 25 ◦C) 10,000 to 15,700 [10]



Octanol–water coeff. (Kow) −4.6 to −1.6 [10]



Vapor pressure (mm Hg at 25 ◦C) 4.3 × 10−10 [10]



Freundlich adsorption coeff. (Kads) (L Kg−1) 0.6 to 303 [11]



Degradation half-life in soil (T1/2) (days) 7–60 [12]



Photolysis half-life (days) Not substantial



EPA maximum contamination level (µg L−1) 700 [10]



Especially due to improper application practices and excessive spray, the widespread presence
of glyphosate has been observed in the aquatic and terrestrial environments [13]. In many studies,
glyphosate has been detected in soil, crop products, animals that feed on crop products, humans,
freshwater, and the organisms that live there [14]. Despite favorable evaluations of weed control
efficacy and environmental risks of glyphosate, an increasing number of more recent observations
suggest a relationship between extensive glyphosate application and adverse nontarget effects in
agroecosystems [15]. The more significant among these concerns are (1) persistence in the environment,
(2) effects on crop health, and (3) interaction with crop nutrition (Figure 1).
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2. Glyphosate Persistence in the Environment



Applied as foliar spray to control weeds, glyphosate may end up in different soil pools and
nontarget sites (Figure 2). Wash-off from the foliage or undirected spray drift [16], death and decay of
glyphosate-treated plant residues, and exudation from the roots [17] may transport glyphosate to the soil.
The release of glyphosate may even occur as exudates from undamaged roots of glyphosate-tolerant
crops [18].
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Glyphosate has an affinity to bind to soil particles and thus mostly accumulates in the top-soil
layers. Processes like surface runoff, drift, and vertical transport in soil may transport it to groundwater,
surface water, and water sediment [19–21]. The mobility and leaching of glyphosate have been
tested in laboratory, lysimeter, and field conditions [11]. In a study on glyphosate leaching and
movement conducted in a field site in Denmark, glyphosate, despite its high binding tendency on
soil, was found to transport deep into the soil and leach out with drainage water [22]. Furthermore,
there are several water monitoring reports that provide information on the occurrence of glyphosate
in groundwater. Glyphosate was detected in 36% of a total of 154 water samples collected from
Midwestern U.S. states, where glyphosate is extensively used on corn [23]. However, the glyphosate
concentration in the detected samples was well below the maximum contaminant level for this
herbicide. Beyond its presence in the groundwater, glyphosate has also been detected in surface
water [24–26]. The predominant occurrence of glyphosate in surface water could be potentially
attributed to surface water runoff [11]. Owing to extensive usage, this chemical may pose chronic and
remote hazards to the ecological environment [27]. The major route of degradation of glyphosate from
soil is microbial-mediated degradation or biodegradation [28].



Glyphosate degradation is a mainly microbial-mediated process [29,30], and the pathway has been
widely studied in laboratories [31]. It degrades at a relatively rapid rate in most soils, with half-life
estimated between 7 and 60 days [12]. Many studies have indicated that the presence of glyphosate in
the soil can enhance microbial activity [32,33], while some studies have also shown the toxic effects of
glyphosate on soil microorganisms [34].
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The extent and rate of glyphosate biodegradation are influenced by processes such as adsorption
and desorption in soil, along with other chemical, physical, and biological factors. Both aerobic and
anaerobic conditions favor the degradation of glyphosate, even though anaerobic degradation is
generally slower than aerobic degradation [35]. Similarly, soil temperature can also play an important
role in determining glyphosate degradation [36]. The rate of mineralization of glyphosate was found
to be correlated with the abundance of Pseudomonas spp. in soil by Gimsing et al. [30]. They also
found that the addition of phosphate in the soil stimulates glyphosate mineralization. Lancaster et
al. [37] compared the amount of 14CO2 production from mineralization of 14C-glyphosate in single
herbicide application versus repeated applications. They found reduced production of 14CO2 from
multiple applications, suggesting that long-term herbicide treatment did not favor acclimation of
glyphosate-mineralizing microorganisms.



Glyphosate appears to be biodegraded cometabolically [38] as microorganisms are not able to
utilize it as a source of carbon [39]. Cometabolic involvement of microbes in the degradation of this
chemical is also denoted by the fact that glyphosate degradation and general microbial activity in
the soil are correlated. Another evidence presented for cometabolic degradation of glyphosate is the
absence of lag phase in soil [28], which implies that the degrading enzymes must already be present in
the soil before glyphosate application. On the contrary, a few studies have shown that microbes can
utilize glyphosate as a substrate for carbon [33,40], phosphate [39], or nitrogen [32].



Degradation or mineralization of glyphosate has been found to have a negative correlation with
the soil adsorption capacity for glyphosate [41], possibly because of low bioavailability. Despite being
highly water-soluble, glyphosate has limited movement within the soil profile because of strong
adsorption to soil particles [42]. Adsorption of glyphosate to soil is determined by the amount of
clay, organic matter, and iron and aluminum oxides present in soil [43,44]. Soil processes, such as
adsorption/desorption, may control the glyphosate degradation rate as strong adsorption by soil
solids, such as iron and aluminum oxides, may prevent microbial access to the compound [45,46].
There have been several studies on the adsorption characteristics of glyphosate, but only a few have
studied the effect of adsorption on glyphosate bioavailability in soil. Sorensen et al. [41] found limited
bioavailability of glyphosate in higher depths of sandy soil profile, where high adsorption and low
desorption of glyphosate corresponded with negligible mineralization. On the other hand, in a study
by Schnurer et al. [47], adsorbed glyphosate was found to be microbially degradable, even though the
microbial activity was reduced in the presence of the herbicide.



Glyphosate degradation by microbial activity has been broadly studied, and bacterial species
involved in the degradation have been isolated and characterized [48]. Bacteria are considered to
be the main drivers behind its degradation in soil, even though the fungi have also been found to
play an important role [49]. Degradation studies of glyphosate as a source of phosphorus (P) in the
pure culture and soil media seem to show differences in the degradation kinetics. Furthermore, the
rate of glyphosate degradation also varies when different microorganisms are used [50]. A slow lag
phase followed by accelerating phase was observed in the degradation of glyphosate by a pure culture,
while no lag phase was seen in the soil [50]. Results from such studies imply that pure culture studies
may yield important information on degrading potential of microbes, but the application of such
information to in situ conditions requires further investigations.



Primarily, there are two pathways of microbial degradation of glyphosate [39]. In one pathway, the
intermediate compound formed is aminomethylphosphonic acid (AMPA), and in the other, sarcosine
and glycine are formed. However, AMPA is considered to be the most common metabolite of glyphosate
degradation as it accounts for more than 90% of the reported metabolites. The enzyme glyphosate
oxidoreductase breaks the C–N bond in glyphosate to produce AMPA and glyoxylate [51]. The bacterial
enzyme glyphosate oxidoreductase employs flavine adenine dinucleotide (FAD) as a cofactor, which is
crucial in the degradation pathways of glyphosate. The FAD is believed to be reduced at the active
site by glyphosate. Glyphosate oxidoreductase enzyme is inserted into the plant genomes for making
glyphosate-tolerant Roundup Ready® crops [52].
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3. Glyphosate’s Effects on Crop Health



Among several concerns pertaining to unintended effects of glyphosate, its negative effects on
nontarget plants are of serious concern among producers. Glyphosate applied to control weeds can
reach the nontarget areas through several routes. The primary route is through undirected spray
applications or “spray drift”, which can directly carry the herbicide chemical to crops. Research has
demonstrated that off-target movement or drift of glyphosate during application can be up to 10%
of the applied rate in crops like soybean and cotton [16,53]. Although herbicide exposure during
application drift would be considered sublethal, response can be potentially severe for susceptible
crops. For instance, drift from glyphosate has been found to cause distorted fruit (often termed as
“cat-facing”) to develop in tomatoes at sublethal rates of exposure [54].



Another potential route for glyphosate accumulation and stabilization in soils is represented by
the release of glyphosate from plant residues of glyphosate-treated weeds. As glyphosate is fairly
stable and not immediately metabolized in many plant species, substantial amounts can be extensively
translocated to regions of active growth and accumulate, particularly in young tissues [55]. After weeds
eventually die, it ends up in the soil following the decay of plant parts. More intensive evaluations
have revealed that glyphosate is translocated within plants, accumulated in roots, and eventually
released into the rhizosphere [56–58]. From the soil, glyphosate may also be reabsorbed by the target or
nontarget plants back through the roots after the initial application. There are a few studies that have
investigated the effects of root-zone exposure of glyphosate on crops, including cotton [59], maize [60],
and rapeseed [61]. These studies indicate there is a likelihood for glyphosate’s root absorption into
crops. However, most of the conclusions were drawn from observations in hydroponic nutrient
solutions, and hence additional research would be valuable for better understanding the uptake of
glyphosate from soils and its ensuing effects on crop functioning.



Glyphosate blocks the synthesis of essential amino acids through binding and subsequent
inactivation of an enzyme (EPSPS) that is critical in the shikimate pathway [28]. An array of phenolic
compounds that play a significant role in plant immunity are derived from the same metabolic pathway.
By disrupting the synthesis of such defense compounds in plants, glyphosate predisposes the crops
to attack by soil-borne pathogens [62]. Hence, it could be argued that continuous crop exposure to
glyphosate may increase plant susceptibility to diseases [15,63]. Excessive glyphosate application
has been linked to disease development in many crops. For instance, glyphosate applications were
found to be the main factor in the development of diseases such as Fusarium head blight in agronomic
crops [64]. There are documented reports of increased colonization of pathogen in wheat and barley
roots correlated with burndown applications of glyphosate before planting [65]. Moreover, the effects
of sublethal doses of glyphosate on perennial plants sometimes take a year after exposure to appear and
continue for two or more years [66]. Glyphosate can also predispose plants to diseases indirectly by
reducing the overall growth and vigor of the plants, modifying soil microflora that affects the availability
of nutrients required for disease resistance, and altering the physiological efficiency of plants.



The root uptake and translocation of glyphosate in nontarget plants have been studied. In one such
experiment to understand the consequences of glyphosate residues on plant species used in ecological
restoration, test plants were grown in nonadsorbing media continuously treated with glyphosate.
Observations suggested that nonadsorbed glyphosate residues can cause potential phytotoxicity to
sensitive plants through root uptake and subsequent translocation to other parts of the plant [67].
However, the study system utilized in this work is comparable to a spray application situation that
has a risk of high herbicide delivery rate, regardless of the label recommendation. The uptake,
translocation, and metabolism of glyphosate in nontarget tea plants were examined in a hydroponic
system by Tong et al. [68]. The highest content of glyphosate was observed in the plant roots, where it
was also metabolized to AMPA. The glyphosate and its metabolite were transported from the roots
through the xylem or phloem to the stems and leaves. The results from this study indicated that
plant-available glyphosate could be continuously absorbed by roots, metabolized, and transported
into edible tea leaves [68]. Glyphosate uptake into nontarget plants is suggested when the herbicide
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and its degradation products (e.g., AMPA) are found in plant tissues and seeds of crops like soybean
and corn [69] and tree foliage [20] following application of glyphosate to manage weeds in farms and
adjacent areas.



Another potential side effect of glyphosate that needs to be discussed is its effect on root formation.
Bott and coworkers [70] demonstrated glyphosate’s ability to inhibit root elongation, lateral root
formation, and root biomass production in soybeans. It was even demonstrated that glyphosate
released from dead weeds could be absorbed through the roots of growing citrus plants [17]. After
entering the plant system, glyphosate is rapidly translocated to young growing tissues of roots, where
it can accumulate and inhibit growth [71]. By blocking the production of tryptophan, glyphosate
prevents the synthesis of a major growth promoter called indole acetic acid (IAA), which can explain
the reduction in root growth of plants [15].



There are also some concerns about the deleterious effects of glyphosate on fruit retention in tree
crops, such as citrus. Fruit drop in citrus is a natural phenomenon, but an increase in fruit drop has
been reported after glyphosate application, especially in late summer and fall for early-season oranges
and grapefruits [72,73] with an impact on fruit yield. The reason for this glyphosate-linked drop is
far from understood as it is not even consistent across different seasons. However, it is known that
glyphosate enhances ethylene production in plant tissues, and ethylene exposure of mature citrus fruit
may result in early abscission and fruit drop. More research is needed to understand the causes of this
fruit drop and the exact role of glyphosate in this process.



4. Glyphosate’s Interaction with Crop Nutrition



Glyphosate’s interaction with soil occurs when a foliar spray hits the soil surface or when
glyphosate is released from decomposing weed tissue [17]. Glyphosate in the soil will be immobilized
by adsorption or binding to the soil colloids and hence persists in the soil. The adsorption characteristics
of glyphosate are different from most other herbicides. Adsorption of glyphosate on the soil is influenced
more by soil minerals rather than organic matter [74]. Glyphosate is a divalent metal cation chelator
and has been purported to reduce the uptake and translocation of nutrients in crops. Recent evaluations
on the chelating ability of glyphosate highlighted it as a key factor in nutrient deficiencies in crops.
These reduced availabilities of nutrients as a result of external (in the soil) or internal (in the plants)
interaction of glyphosate with cationic nutrients are observed in production systems that heavily rely
on glyphosate for weed management. For instance, Eker et al. [75] found that glyphosate residues or
drift may reduce the uptake and translocation of micronutrients, such as Mn and Fe, in nontarget plants
and suggested glyphosate−metal complex formation in plant tissues and/or plant rhizospheres. These
poorly soluble chelated complexes of glyphosate with micronutrients hinder their root uptake and
translocation by the crops. There are many similar studies that link the ability of glyphosate to inhibit
the acquisition of micronutrients, such as Mn, Fe, Zn and B, in plants exposed to glyphosate, either
through spray drift [76,77] or root uptake [78]. Such interactions of glyphosate with plant nutrition
may potentially pose consequences on crop health. For instance, in tree crops like citrus, it is well
known that these micronutrients are involved in disease, particularly Huanglongbing (HLB), resistance
mechanisms [79,80].



The mechanism of binding of glyphosate and phosphate compounds to the soil solids and
adsorption sites have been found to be similar [81]. Thus, the mobility of P in the soil is affected by the
presence of glyphosate. The interaction between glyphosate and P in soil was reported shortly after
the herbicide was launched into the market [20]. Many of the studies conducted later have verified
that P and glyphosate compete for adsorption in the soil, and the competition substantially differs in
various kinds of soils [75,82,83]. Therefore, the competition between glyphosate and P for adsorption
sites in soil seems to be vital and makes a significant impact on mobility and crop availability aspects
of P as a crop nutrient. Unfortunately, there is sparse information in the literature that demonstrates
the noteworthy effect of such competition on P nutrition of crops, and thus further investigation
is required.
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5. Conclusions and Future Direction



Glyphosate has often been termed as a “once-in-a-century herbicide” because of its tremendous
impact on weed management and the crop production industry. Although known to degrade relatively
quickly in the soil following application, glyphosate and its metabolites can possibly persist in soil, water,
and plant tissues in certain conditions. Research suggests that glyphosate may reach groundwater,
surface water, and several other nontarget sites through processes such as leaching and surface runoff.
It is also evident from several studies that glyphosate applied to cropping systems can potentially
reach unintended areas and plant tissues through processes like off-target herbicide movement, spray
drift, and root uptake. While such exposure of crops to glyphosate would be considered sublethal, it
would seem wise to comprehend the consequent impacts on the health and nutrition of crops.



The best way to prevent these adverse crop effects related to glyphosate use is to avoid the
“off-target” movement or “spray drift” of this herbicide to unintended areas from the application site.
Furthermore, soil analysis for residual content of glyphosate is beneficial to detect whether the affected
soils contain herbicide residues above the threshold that leads to root uptake and related crop effects.
Clearly, further research is needed to understand crop risks related to glyphosate residues in soils,
particularly in soil settings with low adsorption capacity and at very high rates of herbicide application.



Owing to the relatively high mobility of glyphosate, the likelihood of a rise in surface and
groundwater content in tandem with herbicide use is high. Hence, potential routes of exposure into
the environment, as well as the consequent implications on animals and humans, need to be explored
more thoroughly. Moreover, there is an increasing concern toward the existence and concentration
of glyphosate residues in a variety of crops produced for human and animal consumption. This
necessitates an advanced dietary risk assessment of glyphosate resulting from its exposure.



In a nutshell, the extensive use of glyphosate and the environmental risks associated with it
warrant awareness among its users about its judicious utilization and necessitate further intense
investigations to mitigate, avoid, or remove the problems resulting from its use.
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Abstract Graham, Russell T.; Harvey, Alan E.; Jain, Theresa B.; Tonn, Jonalea R. 1999.
The effects of thinning and similar stand treatments on fire behavior in Western
forests. Gen. Tech. Rep. PNW-GTR-463. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 27 p.



In the West, thinning and partial cuttings are being considered for treating millions 
of forested acres that are overstocked and prone to wildfire. The objectives of these
treatments include tree growth redistribution, tree species regulation, timber harvest,
wildlife habitat improvement, and wildfire-hazard reduction. Depending on the forest
type and its structure, thinning has both positive and negative impacts on crown fire
potential. Crown bulk density, surface fuel, and crown base height are primary stand
characteristics that determine crown fire potential. Thinning from below, free thinning,
and reserve tree shelterwoods have the greatest opportunity for reducing the risk of
crown fire behavior. Selection thinning and crown thinning that maintain multiple
crown layers, along with individual tree selection systems, will not reduce the risk of
crown fires except in the driest ponderosa pine (Pinus ponderosa Dougl. ex Laws.)
forests. Moreover, unless the surface fuels created by using these treatments are
themselves treated, intense surface wildfire may result, likely negating positive
effects of reducing crown fire potential. No single thinning approach can be applied to
reduce the risk of wildfires in the multiple forest types of the West. The best general
approach for managing wildfire damage seems to be managing tree density and
species composition with well-designed silvicultural systems at a landscape scale
that includes a mix of thinning, surface fuel treatments, and prescribed fire with
proactive treatment in areas with high risk to wildfire.



Keywords: Silviculture, forest management, prescribed fire, selection, forest fuels,
crown fire.
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Thinning Methods



Introduction Catastrophic wildfire, fire hazard, fire risk, resource damage, and loss of human lives
and property are only some of the issues that address the use and occurrence of
fires in Western wildlands. Wildfires are common in both forests and rangelands of
the West. Over 95 percent of these fires are extinguished when they are small (less
than 2 acres). The 2 to 5 percent that are not suppressed burn 95 percent of the
area (Dodge 1972). Because of these issues, there is strong sentiment for treating
fuel through thinning and prescribed burning to restore wildlands to their former 
character (Babbitt 1997, Mutch 1994).



Successful fire exclusion over the past 60 to 70 years has contributed to greater
stand densities and an increase in crown fire potential in many forests of the West
(Mutch 1994). In addition, forests have changed from fire-adapted species to species
more susceptible to fire that tend to form unhealthy stands prone to large-scale wild-
fires, as well as increased outbreaks of insects and diseases (McCool and others
1997). Salvage logging and thinning have been suggested as appropriate preburn
treatments before prescribed fire can be safely reintroduced into these dense forests
(Mutch and others 1993). Private timber companies demonstrated that thinning and
removing diseased and dying trees can lower fire losses to a point where they can
reasonably self-insure their tree farms (Schott 1994). In contrast, DellaSala and 
others (1995) argue that intensive salvage, thinning, and many other logging activi-
ties do not reduce the risk of catastrophic fires. Bessie and Johnson (1995) indicate
that regional droughts and high winds play a greater role in fire behavior than forest
age and fuel loads in high-elevation subalpine fir (Abies lasiocarpa (Hook.) Nutt.)
forests. Turner and others (1994) raise doubts about the effectiveness of intensive
fuel reductions as “fire-proofing” measures. During the extreme fire season of 1967,
however, intensity of fires burning on the Flathead National Forest in western
Montana decreased from crown to surface fires when they encountered thinned
areas (Cron 1969). In addition to these well-documented and contrasting views on
the effect of thinnings on fire behavior, there are many other descriptions, interpreta-
tions, and controversies regarding how “thinnings” affect subsequent wildfire or pre-
scribed fire behavior in the “soft” literature. To provide more precise predictive power,
the approach we use to address the thinning-fire issue is first to describe forest
treatments defined as thinnings, and those that could be interpreted as thinnings,
and then show how fires would behave in resulting stand structures, compositions,
and fuels created by well-defined treatments. Predictions are based on a variety of
literature available for western conifer forests. 



Depending on the forest type and biophysical setting, hundreds to tens of thousands
of seedlings per acre can naturally regenerate after a disturbance in the inland West
(Haig and others 1941, Pearson 1950). Even with such high stand densities, at 100
to 150 years old, only 100 to 200 stems per acre remain (Haig 1932, Meyer 1938).
This reduction is caused by intertree competition, wind, snow, ice, diseases, insects,
fire, or a combination of these important mortality factors (Haig and others 1941,
Oliver and Larson 1990). These stocking reductions allowed the site’s growth poten-
tial to be concentrated on fewer stems producing fewer but larger trees. The efficiency
at which mortality factors reduce the number of stems on a site depends on the 
disturbance, forest type, and biophysical setting. Individual lodgepole pine (Pinus
contorta Dougl. ex Loud.), ponderosa pine (Pinus ponderosa Dougl. ex Laws.), and
interior Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), trees in many areas do
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not readily succumb to intertree competition, often causing stagnated stands with
thousands of stems per acre. Likewise, in the mixed-conifer forests of the Cascade
Range and northern Rocky Mountains, dense stands of shade-tolerant western 
hemlock (Tsuga heterophylla (Raf.) Sarg.), grand fir (Abies grandis (Dougl. ex D.
Don) Lindl.) and western redcedar (Thuja plicata Donn ex D. Don) are common.
Throughout much of the intermountain West, fire was a major mortality factor that
thinned stands and selected for fire-resistant species, but fire suppression has aided
in the development of large expanses of such dense stands (Hann and others 1997).



Most of the forests dominated by ponderosa pine historically had a large component
of large ponderosa pine (Covington and Moore 1994, Hann and others 1997). Be-
cause of fire-suppression efforts, the once frequent (20 years or less) low-intensity
surface fires no longer clean the forest floor of fine fuels (3 inches in diameter or
less) and kill patches or individual seedlings and saplings. Resulting forest structures
and compositions are now often dominated by many suppressed and intermediate
grand firs, white firs (Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.) and Douglas-
firs (Arno 1980, McCool and others 1997). In addition to fire suppression, many of
these forests were subjected to the removal of the dominant ponderosa pine through
commercial timber harvest (McCool and others 1997).



In addition to natural events that reduce density of forest stands, forest management
through application of thinnings also can alter species composition and stand struc-
ture. Depending on the objectives, thinnings can be applied to forest stands for vari-
ous reasons. Classically, thinning is defined as “cuttings made in immature stands in
order to stimulate the growth of trees that remain and to increase the total yield of
useful material from a stand” (Smith 1962). But, often any kind of partial cutting such
as cleaning, weeding, liberation, preparatory, improvement, sanitation, and selection
cuttings is termed thinning, especially outside the field of silviculture, and all reduce
the number of stems in a forest stand. They could be applied to increase forage for
both wildlife and livestock, change tree species composition to create more disease-
and insect-resistant stands, harvest timber products, or alter wildfire behavior.
Thinning treatments have the potential to alter fire behavior but, depending on how
these intermediate removals are applied, will not necessarily result in compositional
or structural changes similar to those produced by nonlethal and mixed-fire disturb-
ances of the native system (Hann and others 1997).



Ground, surface, and crown are the three types of fires most often recognized
(Brown and Davis 1973). Surface and crown fires both historically and currently
occur in the intermountain West. The intensity (the rate at which fuel is consumed
and heat generated) and severity (the damage to both abiotic and biotic forest com-
ponents) of surface and crown fires depends on species composition, available fuel,
fuel arrangement, fuel moisture content, weather, and the physical setting. Depending
on how these variables are combined, fires can range from the low-intensity and low-
severity fires that historically occurred in ponderosa pine forests to intense, severe,
stand-replacing fires more typical of lodgepole pine or moist, long fire cycle forests.
Although stand treatments cannot alter all variables that influence fire behavior, they
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Thinning



can, directly or indirectly influence species composition, available fuel, fuel arrange-
ment, fuel moisture, and surface winds. Thus, depending on the nature of the thin-
ning, all these factors can be used to change posttreatment wildfire or prescribed fire
behavior. To change landscape-scale wildfire behavior and effects, treatments must
alter the typically large connected matrix of susceptible patches (stands) that occur in
high-risk watersheds (Hann and others 1997, Hessburg and others 1994, Huff and
others 1995).



The classic objective of thinning is to redistribute growth potential to fewer trees past
the sapling stage, leaving a stand with a desired structure and composition. In gener-
al, five methods of thinning are recognized:



1.  Low, or thinning from below
2.  Crown, or thinning from above
3.  Selection, or diameter-limit thinning
4.  Free thinning
5.  Mechanical thinning (Nyland 1996, Smith and others 1997).



Most often, forest stands do not develop with one canopy. Because of individual tree
species, microsite differences, and local disturbances, multiple crown classes usually
develop. Four are specifically recognized and used to describe different stand struc-
tures (Smith 1962).



Dominant: Trees with crowns extending above the general crown layers receiving full
light from above and partly from the sides.



Codominant: Trees with crowns forming the general level of cover and receiving full
light from above but comparatively little from the sides.



Intermediate: Trees shorter than the preceding with crowns extending into the crowns
formed by dominant and codominants, receiving little direct light from above and
none from the sides.



Suppressed: Trees with crowns entirely below the general level of cover, receiving no
direct light from above or the sides—overtopped.



These crown classes are used to describe the trees removed in different types of
thinnings.



Low thinning (thinning from below) is when trees are removed from the lower canopy,
leaving large trees to occupy the site (table 1). This method mimics mortality caused
by intertree competition or surface fires and concentrates site growth potential on
dominant trees. Low thinnings primarily remove intermediate and suppressed trees,
but heavy thinnings also can remove many in the codominant crown class. (fig. 1).



Low thinnings not only remove understory canopies but also can alter species com-
positions. Usually, different tree species have characteristic development rates that
result in individual species dominating specific canopy layers. For example, in many
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Table 1—Trees removed during different intensities of low thinning



Intensity Trees removed



Very light Poorest overtopped
Light Overtopped and poorest intermediate
Moderate Overtopped and intermediate
Heavy Overtopped, intermediate, and many codominant



Source: Smith 1962.
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Figure 1—A 120-year-old conifer stand containing a mixture of dominant (D), codominant (C), intermediate
(I), and suppressed (S) trees thinned from below (low thinning) to three different intensities.











areas of the West, ponderosa pine primarily occupies the dominant canopy layers,
whereas shade-tolerant grand fir, white fir, or Douglas-fir occupy the intermediate and
suppressed layers. A low thinning in these stands therefore favors the development
of the dominant and codominant ponderosa pine (fig. 1). Depending on the desired
stand structure, low thinnings can remove few to many trees. Also, thinnings need
not create regular spacings but rather can vary both the number and clumping of
residual trees. Low thinnings (thinning from below), therefore, create various stand
structures and compositions, depending on the forest type and biophysical setting.



Crown thinning, or thinning from above, reduces crowding within the main canopy.
Dominant and codominant trees are removed to favor residual trees in these same
classes. This method is often used to remove selected species in the dominant and
codominant crown classes that are competing with more desirable species (Nyland
1996). This method keeps vertical structure in place, which is often desirable for
wildlife species. Also, intermediate and suppressed shade-tolerant species, such
as western redcedar and grand fir, often respond to release if they have adequate
crowns (Ferguson and Adams 1980, Graham 1982). As with low thinning, crown thin-
ning can create various stand structures and compositions while retaining vertical
structure (fig. 2).



Selection thinning removes dominant trees to favor smaller trees. This method is
often applied by removing trees over a certain diameter. Diameter-limit cuts that con-
tinually remove the largest trees may well be dysgenetic and can be a disguise for
high grading (removing trees of high economic value). By removing the current value
from a stand, future options often can be limited, and the only recourse for the future
may be to regenerate. Stand structures and species compositions created by using
selection thinning are limited and, in general, favor shade-tolerant species or trees
occupying the intermediate and suppressed crown classes. Often the stands created
by selection thinnings are prone to epidemics of insects and diseases. Compared to
the other thinning methods, selection thinning is less useful because of the limited
stand structures and compositions it can create (fig. 2).



Free thinning, sometimes called crop-tree thinning, primarily releases selected trees.
This method favors specific trees, whereas the remainder of the stand goes untreat-
ed. Depending on what is presented in various portions of a stand (tree spacing,
species, vertical structure, etc.), the thinning criteria can be highly flexible, producing
stands with large amounts of diversity. It can be used in any of the crown classes for
releasing specific trees. This method has the most flexibility for creating various stand
structures and compositions (fig. 2).



Mechanical thinning removes trees based on specified spatial arrangements (Nyland
1996). This method is often applied in plantations where every other row or every
other tree in a row is removed. Such rigid thinning is easy to apply, but the stands
created often lack diversity in either structure or composition. This method also
resembles strip thinning, where a strip of trees is removed. Mechanical thinning is
well suited for timber production on uniform sites but has limited value for producing
conditions that meet other resource values.
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Figure 2—A 120-year-old conifer stand containing a mixture of dominant (D), codominant (C), intermediate
(I), and suppressed (S) trees receiving a crown, selection, and free thinning.



Other intermediate treatments often termed “thinning” are types of release cuttings
usually applied to sapling-sized trees (fig. 3). These precommercial thinnings usually
produce no products with the exception of fencing material or other specialty prod-
ucts. Cleaning usually refers to the removal of one species to favor another. This is
often the case where a hardwood (such as quaking aspen, Populus tremuloides
Michx. or alder, Alnus spp.) is removed to release a conifer, like western white pine
(Pinus monticola Dougl. ex D. Don) or western larch (Larix occidentalis Nutt.).
Weeding can mean releasing conifer seedlings from competing vegetation, or it might











also denote the removal of vegetation competing with favored trees. Weedings and
cleanings mold future stand structure, determining future species composition and
individual tree growth.



Liberation cuttings release sapling-sized trees from older, overstory trees (fig. 4). 
This might occur when planted regeneration or advanced regeneration developing
after a wind or ice storm requires protection. The large overstory trees can protect
young seedlings from damaging agents early, and then be removed, when saplings
no longer need protection. Liberation cuts have limited use for molding different stand
structures and compositions. Such cuttings might become more common if reserve
seed-tree and shelterwood systems are used to maintain cover while regenerating
new stands.



Improvement and salvage cuttings are designed to remove specific, undesirable
trees from a stand. Such “sanitation” might remove damaged trees, snags, or trees
susceptible to a certain disease or insect. Often this method is used to remove trees
damaged by wind or snow, especially if they might encourage the buildup of pests,
like Ips spp. Similar to sanitation cuttings, salvage cuttings remove dead or dying
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Figure 3—A sapling sized stand of conifers and hardwoods cleaned to favor the conifers.
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Figure 4—A young stand of conifers overtopped by large undesirable trees released by a liberation cut.



Figure 5—A mature, mixed-species stand containing various crown classes. In addition, it has several
dead and damaged trees that were removed by a sanitation-salvage cutting.











Regeneration
Methods



trees killed by fire, insects, or disease (fig. 5). Salvage cuttings usually address finan-
cial rather than ecological needs (Nyland 1996) even though they are often promoted
for restoring drought- and disease-prone forests to more typical mixes of fire-tolerant
species (McCool and others 1997). In general, these methods have little impact on
overall structure and composition in the short term, but if repeated, they tend to
remove value from the stand.



Depending on growth, thinnings to control density can occur several times during the
life of a stand. The timing and intensity of each can provide for many different stand
structures depending on the management objectives. For example, stocking charts
(charts defining tree sizes in a stand at various ages and densities) can be used to
determine timing and intensity of intermediate treatments for producing timber (Smith
and others 1997). Also, thinning regimes can be designed for producing forest struc-
tures desired for wildlife (Reynolds and others 1992). Depending on the forest type,
its growth rate and desired stand structure, six or more thinnings might be applied
within a 100-year period. 



Thinning or other intermediate cuttings are fundamentally methods for controlling
stand composition and structure to produce desired forest conditions. Intermediate
treatments include all of the above “thinnings.” They are intermediate because they
occur between the time a stand is regenerated and “final” harvest. Now, more than
ever, there is often little distinction between the effects of intermediate treatments
and regeneration methods. Under the classic definition of seed-tree and shelterwood
regeneration methods, overstory trees are removed once regeneration is secured.
But now, because of watershed, wildlife, or scenic values, reserve tree shelterwood
and reserve tree seed-tree methods often are used (Reynolds and others 1992).
With reserve tree systems, an overstory component is maintained throughout the life
of the regenerated stand to provide high forest structure, future snags, and future
coarse woody debris. Such reserve systems are often termed irregular shelterwoods,
delayed shelterwoods, or extended shelterwoods. Depending on the size, number,
spacing, and species of reserve trees, the stands created can easily resemble those
maintained by thinnings. This is especially true if preparatory cuts are used in a shel-
terwood system or the cutting units are small. A preparatory cut removes part of the
stand to increase tree vigor, wind firmness, and seed potential. Depending on the
intensity of these cuts, they also can resemble thinnings. Also, the reserve trees left
in shelterwoods can be grouped and selected by species or size, creating various
stand structures (fig. 6).



Stands managed with an individual tree selection system also can resemble thinned
stands. The selection system creates and maintains stands with three or more age
classes that require multiple entries ranging from 10 to 40 years (Graham 1989,
Nyland 1996). In addition to removing trees in the dominant and codominant crown
classes, selection systems remove trees in the suppressed and intermediate classes
also, so that an uneven-aged, multilayered stand is maintained. Stands managed by
using the individual tree system could easily resemble stands thinned by using
crown, free, or selection thinnings (fig. 7). As with thinnings, a wide variety of stand
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Figure 6—A mature, mixed-species stand regenerated with a shelterwood. A preparatory cut to improve
seed production and wind firmness was used before the seed cutting. Also, a group shelterwood is 
demonstrated.











structures and compositions can be created. In most cases, the selection system
favors development of stands containing shade-tolerant species with high vertical
structures. Selective cutting, creaming, culling, high grading, diameter cutting, and
maturity selection removals often are termed selection but are actually economic har-
vests with little or no silvicultural or biological basis (Nyland 1996).



There are many different kinds of thinnings, thinning regimes, reserve tree regenera-
tion methods, and combinations that create a plethora of stand structures and com-
positions to meet various objectives. Because there is no single method or type of
thinning, there is no single structure or composition created by thinnings. Thinning
defines a set of intermediate treatments applied to forest stands to create varying
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Figure 7—A mixed-species stand managed by using the individual tree selection system on a cutting cycle 
of 30 years.
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Resulting Fire
Behavior



compositions and structures, but there are other types of partial cuttings that remove
trees. Depending on how a regeneration method (shelterwood, etc.) is applied, it
too can create stands with various compositions and structures. If nontraditional
regeneration methods, typified by reserve tree shelterwoods, are combined with free
thinning or even thinning from below, stands can be created and maintained that
meet various management objectives from wildlife habitat improvement to watershed
maintenance. Because there are many different stand compositions and structures
possible from thinnings and regeneration methods, there are at least as many ways
these stands will respond to wildfire or prescribed fire. As mentioned earlier, thinnings
can directly or indirectly alter the amount, kind, and moisture of fuel, all key ingredi-
ents of future fire behavior.



Fuel models—Fire behavior depends on forest density, composition, amount of 
surface fuel, its arrangement, moisture content, prevailing weather, and physical set-
ting. To characterize surface fire behavior, 13 fire behavior fuel models are available
that describe the fuel complex, fuel loading, fuel bed depth, and moisture of extinc-
tion (upper limits of fuel moisture beyond which a fire will no longer spread with a 
uniform front) in dead and live fuels for grass, shrub, timber, and logging slash groups
(Albini 1976) (table 2). These models in combination with dead and live fuel moisture
content, slope angle, and wind speed provide a basis for predicting both fire spread
rate (chains per hour) and intensity (flame length) (Anderson 1982, Rothermel 1983). 



Wind—The standard height for wind measurements used by land management
agencies in the United States is 20 feet above the vegetation. All fires in surface
fuels burn below the 20-foot height, and because wind is slowed by friction near the
surface and overstory vegetation, the 20-foot wind speed must be adjusted to cor-
rectly predict fire behavior near the surface (Rothermel 1983). Depending on the 
vegetation cover and exposure, 20-foot wind speed reduction factors range from 0.1
to 0.6 to arrive at midflame wind speeds (horizontal wind speed at midflame height)
(Albini 1976, Rothermel 1983). For example, the 20-foot wind speed must exceed 50
miles per hour for midflame wind speeds to reach 5 miles per hour within a dense
stand (0.1 adjustment factor). In contrast, in an open stand (0.3 adjustment factor),
the same midflame wind speeds would occur at only a 16-mile-per-hour wind at 
20 feet.



Crown fire—Surface fire intensity (flame length), crown base height, and moisture
content of the live foliage determines crown ignition (Van Wagner 1977). For exam-
ple, crowns with 75 percent moisture (which might occur in the late fall) and a base
height of 10 feet would ignite if flames from a surface fire exceeded 5 feet (Alexander
1988) (fig. 8). Fires this intense (5 feet flame length) would be possible in stands rep-
resented by fuel model 10, 12, or 13 when driven by 5 mile per hour midflame winds
(table 2). Even though a surface fire might ignite tree crowns, however, the resulting
crown fire is not necessarily sustained.



Crown fire spread—Whether crown ignition is sustained or not is determined by rate
of spread and crown bulk density (foliage weight in pounds per square foot divided
by the average live crown length) (Alexander 1988, Van Wagner 1977). Wind and
slope determine potential crown fire spread rate (Rothermel 1991), and species com-
position and structure control crown bulk density. In general, as crown bulk density
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Figure 8—The flame lengths (fire intensities) required to ignite conifer crowns having different base
heights for live foliage moisture contents of 75, 100, and 125 percent (Alexander 1988, Van Wagner 1977).



Figure 9—The rate of spread required for crown fires to be sustained as determined by stand crown bulk
density (Alexander 1988, Van Wagner 1977).











Thinning and 
Fire Behavior



increases, lower rates of spread are required to sustain the fire (fig. 9). For example,
during a normal summer, a crown fire burning on a 50-percent slope driven by a 20-
mile-per-hour wind would spread at about 62 feet per minute (fig. 10). A crown fire
would be sustained at those spread rates, except in stands with crown bulk densities
less than 0.01 pound per cubic foot (fig. 9). Thus, the primary stand attributes that
control a fire’s behavior are surface fuel condition, crown bulk density, and crown
base height. All three attributes can be directly managed by thinning or other similar
forest treatments.



As noted, there are many stand treatments similar to thinnings that may or may not
be thinnings. All alter the stand characteristics that directly influence fire behavior.
The crowns of trees removed during treatments may significantly contribute to sur-
face fuels (slash). These fuels have a major impact on expected fire intensities
depending on whether and how they are treated. The moisture content of surface
fuels differs as a function of high forest cover similar to midflame wind speeds.
Crown bulk density is the primary controlling factor of crown fire behavior, and it
depends on both species composition and stand density. Crown base height also
depends on species and growth history (including density and many other stand
characteristics that affect crown dimension). Depending on the type, intensity, and
extent of thinning, or other treatment applied, fire behavior can be improved (less
severe and intense) or exacerbated.
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Figure 10—Crown fire spread rates for different slopes and wind speeds. These spread rates are for fires
burning in fuel model 10 during a normal summer (Rothermel 1991).
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To show how different stand characteristics affect fire behavior, we assigned specific
characteristics to the different stand structures displayed in figures 1-7. In much of
the interior Northwest, forests contain mixes of ponderosa pine, Douglas-fir, and
grand fir. Often these stands contain dominant and codominant ponderosa pine,
grand fir, and Douglas-fir that were historically cleaned by fire. Such stands now, in
addition to the dominants and codominants, contain large amounts of ladder fuel
(fuel that can carry surface fires into overstory crowns) in the form of intermediate
and suppressed fir. These types of stands are displayed in figure 1 and described in
table 3. One such hypothetical stand contains 158 trees per acre, has a crown base
height of 4 feet, crown bulk density of 0.013 pound per cubic foot, and 12 tons of
fuels per acre, 1 foot in depth (fuel model 10, table 2). Crown bulk densities were
determined from foliage weights estimated by using Brown’s (1978) equations. 



In such a stand, if a fire in the surface fuels is driven by 5-mile-per-hour midflame
winds, it will produce 5-foot flames (Anderson 1982) (fuel model 10, table 2).
Because the crown base height of the stand is only 4 feet, crown ignition will occur
even with crown moisture contents as high as 125 percent (fig. 8). To produce 5-mile-
per-hour midflame wind speeds, the 20-foot wind speeds in a stand with these densi-
ties must exceed 50 miles per hour (Rothermel 1983). Winds of that speed would
produce crown fire spread rates over 185 feet per minute, even on flat ground (fig.
10) (Rothermel 1991). A crown fire spread rate of this magnitude would ensure a
crown fire is sustained. A crown fire would burn this stand (crown bulk density of
0.013 pound per cubic foot) if spread rates exceeded 46 feet per minute (fig. 9). 



Thinning from below—If that stand (fig. 1 and table 3) was moderately thinned 
from below and all intermediate and suppressed grand fir ladder fuels (small trees in
the understory) removed, the crown base height would increase to 40 feet, and the
crown bulk density would decrease to 0.006 pound per cubic foot. Further, if the 
tops and limbs of the cut grand fir were removed and the surface fuel loadings not
increased, surface fires would produce 10-foot flames and not ignite the crowns (fuel
model 10, table 2). The increased flame lengths in the thinned stand, compared to
the unthinned stand, are the result of higher wind speeds that occur in thinned
stands. For example, in a closed stand, a 50-mile-per-hour 20-foot wind would create
5-mile-per-hour midflame wind speeds; whereas in a thinned stand, the same mid-
flame wind speeds would be created by just 16- to 25-mile-per-hour 20-foot winds
(Rothermel 1983). In contrast, if the cut grand fir were not removed or treated, sub-
sequent fire intensities could ignite the crowns (fig. 8). The increased fire intensities
(14-foot flames) would be facilitated by the increased fuel loads (fuel model 12 com-
pared to fuel model 10) (table 2). Also, dead fuel in the thinned stand would be drier
than similar fuels in the unthinned stand (Rothermel 1983). 



In the moderately thinned stand (fig. 1, table 3), a crown fire ignited from outside
sources (such as a crown fire in an adjoining stand), would cause a sustained crown
fire only if spread rates exceeded 100 feet per minute (fig. 9). Stands exhibiting these
crown bulk densities (0.006 pound per cubic foot) would be relatively protected from
crown fires. In our example, the moderate and free thinning would produce these
conditions as would the shelterwood cutting (table 3). Such densities would be repre-
sentative of some common, historical stand structures (fig. 6 and table 3). 
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Table 3—Characteristics of a hypothetical mixed ponderosa pine stand about
120 years old growing on a mixed-conifer site with different intermediate treat-
ments and a reserve shelterwooda



Uncut stand Light thinning



Attribute                                 D.-fir      G.fir      P.pine          D.-fir      G.fir     P.pine



Trees per acre 8 112 38 8 20 38
Crown length (ft)                      32 10 30 32 18 30
Mean height (ft)                      108 23 81 108 43 81
Crown base height (ft)b               77 4 40 77 25 40
Total trees (per acre)c 158 66
Crown bulk density (lb/ft)c 0.013 0.007



Moderate thinning Heavy thinning



Trees per acre 8 0 38 6 0 30
Crown length (ft) 32 -- 30 33 -- 32
Mean height (ft)                      108 -- 81 103 -- 82
Crown base height (ft)b 77 -- 40 71 -- 50
Total trees (per acre)c 46 36
Crown bulk density (lb/ft)c 0.006 0.005



Crown thinning Free thinning



Trees per acre                           4        108 30 6 23 30
Crown length (ft)                      29 9 32 31 19 32
Mean height (ft)                      104 23 82 111 52 83
Crown base height (ft)b               75 4 51 80 33 51
Total trees (per acre)c 142 59
Crown bulk density (lb/ft)c 0.010 0.006



Selection thinning Shelterwood



Trees per acre 3 112 19 0 0 15
Crown length (ft) 29 12 28 -- -- 35
Mean height (ft)                      102 26 84 -- -- 84
Crown base height (ft)b 73 4 49 -- -- 49
Total trees (per acre)c 134 15
Crown bulk density (lb/ft)c 0.007 0.002



a These characteristics describe the stands displayed in figures 1, 2, and 6.
b The lowest crown base height that occurs in the stand is the value assigned to the entire stand.
c Total trees per acre and crown bulk density are values for the entire stand.
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Thinnings in general will lower crown bulk densities and redistribute fuel loads signifi-
cantly, thus decreasing fire intensities if the surface fuels are treated (Agee 1993,
Alexander 1988, Alexander and Yancik 1977). These removals have been shown to
be effective in reducing crown fire potential, especially around homes (Coulter 1980,
Dennis 1983, Rothermel 1991, Schmidt and Wakimoto 1988). Because of drier fuels
(fuels are more exposed to wind and heat) and increased wind speeds that occur in
thinned stands, it is critical that they be treated to minimize fire intensity. In California,
plantations where surface fuels were treated had substantially less damage from
wildfires compared to untreated plantations that burned completely and severely
(Weatherspoon and Skinner 1995).



Species composition—By using the same characteristics to describe a mixed 
stand of grand fir, Douglas-fir, and western white pine, the crown bulk density is
0.006 pound per cubic foot compared to 0.013 pound per cubic foot for the stand
dominated by ponderosa pine (table 4). To sustain a crown fire in this uncut western
white pine stand, a spread rate of 100 feet per minute would be required to sustain a
crown fire compared to only a 46-feet-per-minute rate of spread required for sustain-
ing a crown fire in the ponderosa pine stand (fig. 9). If the stand was dominated by
western larch instead of western white pine, however, it would have even lower
crown bulk densities (Brown 1978, Rothermel 1983). Thus, crown fires would be
more difficult to sustain in western white pine- and western larch-dominated stands
than in stands dominated by other species. 



A western white pine stand heavily thinned from below by removing the grand fir, 
and some codominant trees to a density of 36 trees per acre would result in a stand
crown bulk density of 0.002 pound per cubic foot (table 4). A crown fire spread rate 
of 300 feet per minute would be required for a fire to be sustained, effectively remov-
ing the crown fire threat from these stands (fig. 9). These low crown bulk densities
are the result of western white pine crowns that tend to be narrower and shorter than
crowns of most of its associates, with the exception of western larch. 



All methods of thinning could reduce the number of trees to a point where crown fires
would be difficult to initiate or sustain, but these conditions may not meet many pre-
sent multiresource values. Because crown thinning and selection thinnings leave
suppressed and intermediate trees, crown base heights remain low and crown bulk
densities could remain high thus not decreasing the potential for crown fire (tables 3
and 4, fig. 2). In contrast, free thinning, could be effective at decreasing crown fire
risk depending on thinning intensity. But the stand treated by using free thinning in
our example would still be prone to crown fire initiation and spread (tables 3 and 4,
fig. 2).



Other immediate treatments—Sanitation and salvage harvests would do little to
minimize crown fire initiation or spread because crown bulk densities would likely
always exceed 0.006 pound per cubic foot (fig. 5). Likewise, ladder fuels and low
crown base heights would exist in most stands receiving salvage cuttings. Thus sal-
vage and sanitation harvests would probably not significantly change the potential
fire characteristics even if the surface fuels were treated. 
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Table 4—The characteristics of a hypothetical mixed western white pine stand
about 120 years old growing on a mixed-conifer site with different intermediate
treatments and a reserve shelterwooda



Uncut stand Light thinning



Attribute D.-fir G.fir P.pine D.-fir G.fir P.pine



Trees per acre 8 112 38 8 20 38
Crown length (ft) 32 10 33 32 18 33
Mean height (ft) 108 23 130 108 43 130
Crown base height (ft)b 77 4 97 77 25 97
Total trees (per acre)c 158 66
Crown bulk density (lb/ft)c 0.006 0.003



Moderate thinning Heavy thinning



Trees per acre 8 0 38 6 0 30
Crown length (ft) 32 -- 33 32 -- 36
Mean height (ft) 108 -- 130 103 -- 136
Crown base height (ft)b 77 -- 97 71 -- 100
Total trees (per acre)c 46 36
Crown bulk density (lb/ft)c 0.003 0.002



Crown thinning Free thinning



Trees per acre 4 108 30 6 23 30
Crown length (ft) 29 9 31 31 19 36
Mean height (ft) 108 23 125 111 52 136
Crown base height (ft)b 75 4 94 80 33 100
Total trees (per acre)c 142 59
Crown bulk density (lb/ft)c 0.004 0.002



Selection thinning Shelterwood



Trees per acre 3 112 19 0 0 15
Crown length (ft) 29 12 27 -- -- 39
Mean height (ft) 102 26 115 -- -- 147
Total trees (per acre)c 134 15
Crown bulk density (lb/ft)c 0.003 0.001



a These characteristics describe the stands displayed in figures 1, 2, and 6.
b The lowest crown base height that occurs in the stand is the value assigned to the entire stand.
c Total trees per acre and crown bulk density are values for the entire stand.











Cleanings and weedings (precommercial thinnings) in sapling-sized stands can influ-
ence fire behavior by favoring species with light crowns (western larch and western
white pine). In addition, cleaning plantations by removing brush has successfully
reduced damage from wildfires in California (Van Wagner 1968). These treatments
can space trees, allowing stands with low crown bulk densities to develop. 



Precommercial thinnings to reduce either competition or favor ponderosa pine over
Douglas-fir or grand fir in dry ecosystems generally seems likely to improve the
health of these forests; the situation in moist forests may be more demanding. Moist
forests evolved as dense stands largely dominated by seral species, especially west-
ern white pine and western larch. Native pest actions and periodic fire “thinned” late
seral species (grand fir, white fir, western hemlock, and western redcedar) continu-
ously over time. In the absence of a significant component of western white pine and
western larch, simple thinning of a late seral stand to reduce competition or crown
bulk densities may not decrease activities of insects and pathogens or select appro-
priate genotypes, either of which could offset any reduction in crown fire potential
within a relatively short time. Thus, thinning in moist forests should be approached
carefully. Any approach to reduce crown fire potential and improve health should be
tied to the active restoration of early seral species, especially the western white pine
and western larch. Precommercial thinnings not only mold a stand’s future composi-
tion and structure but usually produce large quantities of fine fuels. Fuel models 12
and 13, with over 30 tons per acre of fuel, often are used to describe the slash creat-
ed by precommercial thinnings (table 2) (Anderson 1982).



Fire intensity in thinned stands is greatly reduced if thinning is accompanied by re-
ducing the surface fuels created by the cuttings. Fire has been successfully used to
treat fuels and decrease the effects of wildfires especially in climax ponderosa pine
forests (Deeming 1990; Wagel and Eakle 1979; Weaver 1955, 1957). In contrast,
extensive amounts of untreated logging slash contributed to the devastating fires 
during the late 1800s and early 1900s in the inland and Pacific Northwest forests.
These catastrophic fires led to both laws and policies governing the treating of slash
after timber harvesting (Brown and Davis 1973, Deeming 1990). These initiatives led
to several methods, in addition to fire, for treating fuels including cutting, scattering,
piling, clearing, crushing, and disking (Brown and Davis 1973).



Silvicultural systems—A series of forest treatments or a silvicultural system that
maintains multiple forest canopies and high crown bulk densities is unlikely to
decrease the potential for crown fire behavior. Individual tree selection systems that
remove and tend trees on cutting cycles of 10 to 40 years will likely maintain stands
prone to crown fire behavior (fig. 7). (Pure, climax stands of ponderosa pine would
be the exception.) In mixed-conifer stands, crown bulk densities would remain high,
crown base heights would be low, and fine fuels would be continually generated. In
addition, these silvicultural systems favor the development of stands dominated by
grand fir, western hemlock, or other shade-tolerant species (Graham 1989, Nyland
1996). These species all tend to have long and heavy crowns creating stands with
high bulk densities (Brown 1978, Rothermel 1983).



Seed-tree and shelterwood regeneration methods and all of their variations have the
potential to reduce the severity and intensity of wildfires. Open stands with low crown
bulk densities would not likely support a crown fire when the regeneration was short
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Thinning and
Nutrition



(fig. 6, tables 3 and 4). But if the regeneration was not precommercially thinned, the
subsequent development of ladder fuels would increase potential for crown fire
behavior. The stand structures created by group shelterwoods would likely be prone
to crown fire behavior depending on the density and spacing of the groups of leave
trees (fig. 6).



Opinions differ as to the relative threat of changes in inland forests this century, but
there is general agreement that changes have occurred (Baker 1988, Brown 1983).
In general, there has been a shift from open ponderosa pine to closed pine and
Douglas-fir stands in dry ecosystems, and in moist forests, the change has been
from tall western white pine-western larch stands to relatively short, closed grand fir-
western hemlock-western redcedar stands (Harvey and others 1994, Mutch and oth-
ers 1993). These shifts toward late-successional species occurred relatively rapidly,
compressing successional processes. In dry ecosystems with historically frequent fire
regimes, ponderosa pine may not be succeeded by Douglas-fir in 300 to 400 years,
but it has occurred in only 40 years in some locations in southern Idaho (Harvey and
others 1994). Similarly, in western white pine-dominated ecosystems with mixed and
variable fire regimes, early seral species may (or may not, depending on fire frequen-
cy) be succeeded by late seral species in 200 to 300 years. In the Coeur d’Alene
Mountains in northern Idaho, however this conversion took less than 50 years
(Moeur 1992).



These changes have altered the nutrient dynamics that historically occurred in the
forests of the inland West. Ponderosa pine, western white pine, and western larch 
all tend to be tall and self-prune, even in moderately dense stands. In addition, the
crowns of western white pine and western larch have low bulk densities and nutrient
content compared to most late-successional species (Minore 1979). These species in
general carry their canopies well above the surface fuels, do not carry crown fires
well, and tend not to have ladder fuels. Thus canopy nutrient stores are relatively well
protected from fire. In contrast, stands dominated by the true firs, Douglas-fir, west-
ern hemlock, and western redcedar do not self-prune well, carry large branches low
in the canopy, and have relatively high crown bulk densities with resulting high nutri-
ent concentrations (Brown 1978, Minore 1979). Stands dominated by these species
usually support crown fires well and have generally high nutrient content in tissues
susceptible to loss from fire.



Pines and western larch tend to be deep rooted, whereas the true firs, western 
hemlock, and western redcedar all tend to be relatively shallow rooted with large
numbers of fine roots in the high nutrient content, shallow soil organic layers (Harvey
and others 1986, Minore 1979). Douglas-fir also shows this trend when compared to
ponderosa pine. Thus the nutrients and nutrient turnover tend to be dispersed verti-
cally in soils dominated by early seral species and concentrated near the surface
when the stand is dominated by late seral species. Soil surface nutrient stores and
feeder roots in late seral species-dominated stands (or early seral stands if surface
organics accumulate from fire exclusion) can be at more risk to wildfire, or other dis-
turbance, than the historic pine and western larch-dominated stands. Therefore, the
combination of dense, heavy, nutrient-rich crowns and roots and nutrients concentrat-
ed in the surface layers make stands dominated by late seral species at much higher
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Conclusion



risk to long-term nutrient losses from wildfire and other disturbances than stands
dominated by early seral species. Tree removal from thinnings can also significantly
alter nutrient storage and turnover in the modified stands. For example, any treat-
ment that removes large quantities of branches and needles has the potential to
reduce onsite nutrient reserves. As much as 45 percent of site potassium and 25 
percent of site nitrogen stores can be contained in branchwood, needles, and other
similar materials (Jurgensen and others 1997, Moore 1994). If the site is chronically
short on these nutrients, as many are, intensive removal of these materials is likely to
cause subsequent nutrient shortage. On the other hand, with potentially volatile nutri-
ents like nitrogen and sulfur, high-intensity fire can bring about even greater losses,
especially with nitrogen (Jurgensen and others 1997). Similarly, on low-fertility situa-
tions (especially dry sites) where soil organic horizons and coarse woody debris sup-
plies may be low, both intense fire or overzealous removal of fuel to prevent fire can
imperil future site productivity. In most cases where sites are fragile from a nutrient
standpoint, leaving “fines” on the site for even one winter can redistribute nutrients,
including nitrogen, potassium and sulfur, downward into the soil (Harvey and others
1987, Larsen and others 1981, Moore 1994). This downward movement can provide
significant protection from volatilization by fire or physical removal as a fire-modifica-
tion treatment (Mroz and others 1978). Thus, balancing relative risks with nutrient and
organic matter site legacies is an important aspect of any fuel-management operation.



Thinning and other thinning-like stand treatments can substantially influence subse-
quent fire behavior at the stand level by either increasing or decreasing fire intensity
and associated severity of effects. Depending on intensity, thinning from below and
possibly free thinning can most effectively alter fire behavior by reducing crown bulk
density, increasing crown base height, and changing species composition to lighter
crowned and fire-adapted species. Such intermediate treatments can reduce the
severity and intensity of wildfires for a given set of physical and weather variables.
But crown and selection thinnings would not reduce crown fire potential. Similarly,
because multiple canopy layers, and shade-tolerant species are favored in stands
where an individual tree selection system is used, crown fire potential would be high.
A possible exception is in the driest of the ponderosa pine forests where low crown
densities can be achieved by using the selection system.



Salvage and sanitation cuttings would not decrease potential for crown fire behavior
unless tree densities were substantially reduced. Stand densities would need to be
similar to the moderately and heavily thinned stands displayed in our examples to
“fire-proof” a stand. In all cases, any intermediate treatment needs to be accompa-
nied by surface fuel modification. If the fine fuels are removed after a winter or
burned with a low-intensity prescribed fire, there is minimal loss of nutrients. The best
success in modifying fire behavior through the use of thinnings throughout the West
is when applied in conjunction with prescribed fire. In climax ponderosa pine forests,
cleaning stands with prescribed fire has been effective in modifying wildfire behavior. 
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In the West, thinning and partial cuttings are being considered for treating millions of forested
acres that are overstocked and prone to wildfire. The objectives of these treatments include
tree growth redistribution, tree species regulation, timber harvest, wildlife habitat improvement,
and wildfire-hazard reduction. Depending on the forest type and its structure, thinning has
both positive and negative impacts on crown fire potential. Crown bulk density, surface fuel,
and crown base height are primary stand characteristics that determine crown fire potential.
Thinning from below, free thinning, and reserve tree shelterwoods have the greatest opportu-
nity for reducing the risk of crown fire behavior. Selection thinning and crown thinning that
maintain multiple crown layers, along with individual tree selection systems, will not reduce
the risk of crown fires except in the driest ponderosa pine (Pinus ponderosa Dougl. ex Laws.)
forests. Moreover, unless the surface fuels created by using these treatments are themselves
treated, intense surface wildfire may result, likely negating positive effects of reducing crown
fire potential. No single thinning approach can be applied to reduce the risk of wildfires in the
multiple forest types of the West. The best general approach for managing wildfire damage
seems to be managing tree density and species composition with well-designed silvicultural
systems at a landscape scale that includes a mix of thinning, surface fuel treatments, and
prescribed fire with proactive treatment in areas with high risk to wildfire.



Keywords: Silviculture, forest management, prescribed fire, selection, forest fuels, crown fire.
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Regional Plan Targets



SB 375 Regional Plan Climate Targets



Senate Bill 375 requires CARB to develop and set regional targets for greenhouse gas
(GHG) emission reductions from passenger vehicles.  CARB has set regional targets,
indexed to years 2020 and 2035, to help achieve significant additional GHG emission
reductions from changed land use patterns and improved transportation in support of the
State's climate goals, as well as in support of statewide public health and air quality
objectives.  Metropolitan planning organizations (MPOs) must prepare a sustainable
communities strategy (SCS) that will reduce GHG emissions to achieve these regional
targets, if feasible to do so.



MPO SCS development and adoption is a cyclical process where a MPO prepares a SCS
every four to five years.  As such, CARB's regional targets are set and applied to a MPO's
SCS based on the date of adoption by the MPO.  CARB is tasked to update the regional
targets every eight years, with the option of revising them every four years.



MPO Targets Through September
30,2018



Targets Beginning October 1,
2018



2020 2035 2020 2035



MTC/ABAG -7% -15% -10% -19%



SACOG -7% -16% -7% -19%



SANDAG -7% -13% -15% -19%



SCAG -8% -13% -8% -19%



Fresno COG -5% -10% -6% -13%



Kern COG -9% -15%















Kings CAG -5% -13%



Madera CTC -10% -16%



Merced CAG -10% -14%



San Joaquin COG -12% -16%



Stanislaus COG -12% -16%



Tulare CAG -13% -16%



AMBAG 0% -5% -3% -6%



Butte CAG 1% 1% -6% -7%



San Luis Obispo
COG



-8% -8% -3% -11%



Santa Barbara
CAG



0% 0% -13% -17%



Shasta RTA 0% 0% -4% -4%



Tahoe MPO -7% -5% -8% -5%



 Targets are expressed as a percent change in per capita passenger vehicle greenhouse
gas emissions relative to 2005.



 If SACOG is not able to secure the funding and commitments to implement their
proposed pilot project, CARB sta� would evaluate the SCS performance against an 18
percent target. See Appendix A. MPO Recommendations and CARB Sta�
Recommendations, pages A-7 through A-9 for further discussion.



 Recommended targets apply to the San Joaquin Valley MPOs third cycle SCS plans.



2018 Regional Targets Update



a



b



c









https://ww2.arb.ca.gov/sites/default/files/2020-06/SB375_Final_Target_Staff_Report_%202018_AppendixA.pdf
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CARB first set regional targets on September 23, 2010 and updated targets on March 22,
2018.  Information and materials related to the 2018 regional targets update is provided
below.  Information and materials related to the 2010 target setting process is available
upon request by emailing sustainablecommunities@arb.ca.gov.



CARB Resolution (see Attachment D here) and Notice of Decision filed approving the
updated targets (Mar. 2018)
Updated Targets (Mar. 2018)
Updated Final Sta� Report: Proposed Update to the SB 375 GHG Emissions
Reduction Targets



Appendix A: MPO Target Recommendations and CARB Sta� Recommendations
Appendix B: MPO Scenario and Data Submittals
Appendix C: Rebound Analysis
Appendix D: MPO RTP Update Schedule
Appendix E: SB 375 Program Background
Appendix F: Final Environmental Analysis



Responses to Comments on the Dra� Environmental Analysis
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ARTICLE



The greenhouse gas impacts of converting food
production in England and Wales to organic
methods
Laurence G. Smith 1,2, Guy J.D. Kirk 1*, Philip J. Jones 3 & Adrian G. Williams1



Agriculture is a major contributor to global greenhouse gas (GHG) emissions and must



feature in efforts to reduce emissions. Organic farming might contribute to this through



decreased use of farm inputs and increased soil carbon sequestration, but it might also



exacerbate emissions through greater food production elsewhere to make up for lower



organic yields. To date there has been no rigorous assessment of this potential at national



scales. Here we assess the consequences for net GHG emissions of a 100% shift to organic



food production in England and Wales using life-cycle assessment. We predict major



shortfalls in production of most agricultural products against a conventional baseline. Direct



GHG emissions are reduced with organic farming, but when increased overseas land use to



compensate for shortfalls in domestic supply are factored in, net emissions are greater.



Enhanced soil carbon sequestration could offset only a small part of the higher overseas



emissions.
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Organic farming is often suggested as a solution to the
negative environmental effects of current food produc-
tion1. Reduced farm inputs and more soil carbon



sequestration may alter local GHG budgets favourably. But this
must be set against the need for increased production and asso-
ciated land conversion elsewhere as a result of lower crop and
livestock yields under organic methods.



Past studies of the potential of organic farming to mitigate
GHG emissions have produced mixed results2. For example,
Williams et al.3 found that most organic cropping systems in
England generate similar or greater GHG emissions per tonne of
crop compared with conventional systems, with lower yields and
increased rates of nitrate leaching offsetting the lower use of
inputs. Conversely, a Swiss study, which considered entire crop
rotations and less-intensive modes of production than Williams
et al.3, found much lower GHG emissions per tonne of organic
crop4. Studies comparing organic and non-organic livestock
production have also yielded mixed results. In dairy production,
reduced use of inputs per tonne of milk under organic manage-
ment is offset by lower milk yields and lower feed conversion
ratios3,5. Whereas organic beef and sheep production systems can
have greater environmental efficiencies as a result of the repla-
cement of manufactured nitrogen (N) fertiliser with biologically-
fixed N from forage legumes6–8. In organic poultry production,
reduced productivities and low feed conversion ratios con-
siderably reduce environmental efficiencies9–11. Similarly, organic
pig production tends to have lower environmental efficiencies per
tonne of product due to lower stocking densities and less output
per hectare12,13. Even where environmental efficiency per hectare
is improved, organic systems require more land per tonne of
product as a result of lower yields: Williams et al.3 found addi-
tional land requirements of from 65 to 200%.



The most recent attempt to quantify the GHG mitigation
potential of organic farming at a national scale was made by
Audsley et al.14, who used a life-cycle assessment model (LCA) to
compare UK organic and conventional data on commodity
production, processing, distribution, retail and trade. A ‘baseline’
LCA based assessment, reflecting actual consumption patterns,
was compared with a range of scenarios, one of which was a
transition to 100% organic production. This built on a study by
Jones and Crane15 in which the production impacts of a 100%
conversion to organic agriculture in England and Wales were
estimated using data on organic yields, crop areas and livestock
numbers from the Farm Business Survey. The results indicated
that a switch to organic production in the UK could result in a
GHG emission reduction of about 8% in terms of UK production.
However, the emissions associated with the additional land use
changes overseas required to meet UK supply shortfalls were not
considered.



In an earlier study16, we developed a model to estimate
potential maximum food production from all agriculture—crops
and livestock—in England and Wales under organic manage-
ment. In this paper we extend this analysis to estimate effects on
national GHG balances. We assess the impacts of conversion of
all agriculture to organic farming using the Agri-LCA models
developed by Williams et al.3 to estimate GHG emissions from
individual agricultural systems. This includes carbon dioxide
(CO2) emissions from fossil energy use in farm operations and in
the production and transport of farm inputs and outputs, as well
as emissions of methane (CH4) and nitrous oxide (N2O) as
functions of soil conditions, nutrient management and livestock
variables (Methods). We improved on the Audsley et al.14



assessment by also accounting for, first, limits to organic pro-
duction imposed by the supply of livestock feed, rotational con-
straints and available N, second, the GHG impact of overseas land
use changes associated with increased food-imports, and third,



the GHG offset potential of soil carbon (C) sequestration under
organic production. We also estimate uncertainties in our cal-
culations using Monte Carlo analyses. In doing so we provide the
most comprehensive national-scale assessment to-date of the
potential land use, production and GHG impacts of up-scaling
organic agriculture.



Results
Predicted food production. We predict a drop in total food
production expressed as metabolisable energy (ME) by of the
order of 40% compared to the conventional farming baseline
(Fig. 1, Supplementary Table 1). Human edible protein outputs
decreases by a similar proportion (Supplementary Table 2). The
decrease is due to smaller crop yields per unit of land area under
organic management, and the need to introduce fertility-building
grass leys with nitrogen-fixing legumes within crop rotations. The
latter requirement is a farming system-level effect that is not
captured in crop-level comparisons16–18.



Figure 1 also shows large shifts in the combination of crops
grown and numbers of animals reared. Increased diversity of crop
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Fig. 1 Projected food production under conventional and organic farming
methods. a Crop production and areas. *oilseed rape. b Livestock
production and numbers. **sheep numbers × 10, ***poultry numbers × 100,



****milk production in Mt × 105. Conversion to 100% organic methods
caused decreases in wheat, barley, oilseed rape, pigs, eggs, poultry meat
and milk, and an overall decrease to 64% of the conventional baseline. Data
of Smith et al.16. Source Data are provided as a Source Data file
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rotations under organic management means total vegetable
production is maintained16. Edible protein production increases
in arable areas, particularly in the east and north east of England,
through increases in ruminant livestock and legume produc-
tion16. Production of organic oilseed rape (OSR) decreases
substantially, primarily because of a much smaller cultivated
area due to the relatively low yield of organic OSR compared to
both conventional OSR and organic alternatives. The increase in
legume and potato production is a result of an increase in the
cultivated area: legumes for biological N fixation and potatoes
both for weed control and because of their high ME yield. The
area would have increased further had the constraint on
maximum production in the model not been reached, which we
set at 150% of current supply to reflect limits on consumer
demand19,20. Total sugar beet production decreased, but, due to
its high ME yield, it reached its upper local limit in parts of
eastern England, which we imposed to restrict expansion away
from major processing centres16. For most crops, the projected
decreases in output are considerably greater than might be
expected solely from the displacement of crops with leys in
organic rotations. The production of minor cereals, such as oats
and rye, increases, but this is not sufficient to offset the losses of
wheat and barley.



Numbers of grazing livestock (sheep and beef cattle less dairy)
increase, because of the increase in feed availability from leys. But
the volume of meat produced did not increase in proportion, as a
result of lower carcass weights and longer finishing times under
organic management. Numbers of monogastric livestock (pigs
and poultry) and associated meat production fell sharply as a
result of lower stocking rates and availability of concentrated feed.
Dairy cattle numbers and milk production decrease due to greater
reliance on concentrated feeds than grazing livestock and hence
greater sensitivity to N availability, cropping area and cereal
yields.



GHG emissions per unit production. Figure 2a shows estimated
GHG emissions per unit of production for individual crops. The
lower GHG emissions under organic cropping are largely due to
replacement of N fertiliser with biological N fixation in leys,
resulting in less CO2 and N2O from fertiliser manufacture and
less N2O per unit of production3,4,21. We concentrate on N in our
analysis, and not on other plant nutrients, because N is required
in the greatest quantities and its inputs and outputs are the most
sensitive to differences between conventional and organic sys-
tems. However, balances of P, K and other nutrients must also be
maintained, and we therefore account for the GHGs associated
with extracting and applying the P and K minerals commonly
used in organic systems to maintain balances.



Emissions per unit production are greater for some organic
crops, such as field beans, due to increased N leaching and
nitrification-denitrification losses, because more must be grown
on heavy wet soils. However, a large proportion of field beans
grown would have to be exported because of low rates of domestic
consumption, and we allow for this in the model with a
maximum limit on production, as for potatoes. Oats and spring
barley, which require less manufactured N fertiliser than other
cereals, have greater GHG emissions per unit production under
organic management because yields are smaller. Lower market-
able yields in organic potato cropping also lead to greater
emissions per unit of product22. Emissions are also greater for
organic crops requiring higher fossil fuel input in their
cultivation, such as organic carrots requiring flame weeding.



Figure 2b shows emissions per unit of production for
individual livestock types. Organic pig production results in
lower GHG emissions per unit of production because outdoor



organic systems use less fossil energy in housing and there are no
CH4 emissions from slurry storage; however, N2O emissions
increase as a result of greater leaching and denitrification from
organic manures. In common with previous studies, we find that
poultry meat and egg production generates greater emissions
under organic management due to poorer feed conversion ratios,
longer rearing times, higher mortality rates and greater leaching
losses compared to conventional free range and fully housed
systems9,10. Organic dairy, beef and sheep production results in
lower total GHG emissions per unit of production, as a result of
the increased efficiency of forage production under organic
management, although greater forage intake increases the total
CH4 contribution.



National GHG emissions. Figure 3 gives the aggregated national
emissions. It shows that the direct emissions associated with
organic crop (Fig. 3a) and livestock (Fig. 3c) production are
smaller for organic farming compared with conventional: by 20%
for crops, 4% for livestock and 6% overall. This is a slightly lower
estimate of the effect of conversion to organic farming than in
Audsley et al.’s study14. The decrease occurs despite an increase in
transport emissions, illustrating the relatively small contribution
that transport makes to agriculture’s total GHG budget23.



However, the picture is very different when we allow for, first,
CO2 emissions from land use change overseas to make up for
shortfalls in home production under organic methods, and
second, enhanced soil C sequestration under organic methods at
home and overseas, as shown in Fig. 3b, and 3d for different ways
of making these allowances. The next two sections give our
rationale for how we have done this.



Soil carbon sequestration. Carbon sequestration rates are
expected to be greater under organic farming because of greater
use of manures and slurry linked to more integrated management
of livestock and crops, and longer crop rotations with leys
involving forage legumes24. Although in conventional systems
there is generally a greater separation of livestock from crops,
farmyard manures will mostly be applied to land somewhere, so
the net transfer of C from the atmosphere to land would be about
the same25,26. On the other hand, excessive manure applications
in livestock-dense areas under conventional management leads to
over-fertilisation and suboptimal C sequestration27. Although we
found livestock production decreased under organic manage-
ment, total livestock numbers were not much different and there
was a substantial shift to grazing animals with 61% more sheep
and 14% more cattle (beef plus dairy; Fig. 1). We estimate there
would be approximately 12% more farmyard manure as a result
(Supplementary Table 3).



We estimate potential C sequestration under organic manage-
ment using rates of change in soil C derived from the National
Soil Inventory of England and Wales for different land use classes
by Kirk and Bellamy28, and assuming the change from
conventional to organic farming was equivalent to a change
from continuous arable cropping to rotational grass (Methods).
This gives sequestration rates of 0.28Mg C ha−1 yr−1 for arable
land converted to rotational grass, or, after adjusting for the
proportion of arable to arable plus rotational grass across England
and Wales, 0.18Mg C ha−1 yr−1. We used this as the upper rate
in the calculations for Fig. 3. For comparison, in a literature
review of experiments comparing conventional and organic
farming, Gattinger et al.24 found sequestration rates between 0.07
and 0.45Mg C ha−1 yr−1. However, most of these comparisons
involved very high rates of external organic matter inputs to the
organic systems, up to 4 times those under conventional
farming26. Given that we found only 12% more farmyard manure
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under organic farming, Gattinger et al.’s higher estimates are
unrealistic. We therefore use Gattinger et al.’s24 lower value as the
moderate rate in Fig. 3.



It should be noted that the bulk of any C sequestration will be
limited to the first decade or two following conversion, because
any given soil has a finite capacity to accumulate C depending on
its characteristics and local environmental conditions25,29,30. A
new steady-state soil C content will be reached after a few decades
when rates of decomposition in the soil at the higher C content
match the increased rates of C inputs.



Overseas land conversion. We estimate that the land area needed
to make up for shortfalls in domestic production is nearly five
times the current overseas land area used for food for England
and Wales (Fig. 4). Total agricultural land-use is therefore 1.5
times greater than the conventional baseline (combining domestic
and overseas land). This is considerably greater than the 16–33%
increase in land requirements projected in a recent study of global
conversion to organic farming31. The difference reflects the high
conventional crop yields and livestock productivity in the UK
compared with countries using less intensive, lower-yielding
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Fig. 2 GHG emissions per unit production under conventional and organic farming methods. a Crops. b Livestock, including emissions in feed production.
N2O= nitrous oxide, CH4=methane, CO2= carbon dioxide. Production is expressed in tonnes (t) of total metabolised energy. Data are means
±1 standard deviations from the uncertainty analysis (Methods). Emissions due to land use change overseas to compensate for shortfalls in home
production, and enhanced soil carbon sequestration under organic methods, are not allowed for. Organic dairy, beef and sheep production have lower total
GHG emissions per tonne of product, although greater forage intake increases CH4 emission. Less N fertiliser use in organic farming gives N2O and fossil
energy use savings per tonne of product. Exceptions are crops receiving less N fertiliser in conventional farming (beans, oats), organic crops requiring flame
weeding (carrots) and organic vegetable crops with lower marketable yields (potatoes, onions). Source Data are provided as a Source Data file
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farming, and the correspondingly greater production penalties in
conversion to organic methods32.



The consequences for net GHG emissions will depend on the
nature of the land use change. If it entails conversion of existing
natural or semi-natural vegetation or pasture to crops, the cost
will be greater than for increased production from existing arable
land, which will have already lost C compared with its original
natural state, and which might be expected to sequester some C
from the atmosphere under organic management. The emissions
associated with land use changes will apply over a similar period



to the potential gains from enhanced soil C sequestration (i.e., a
few decades). We compare three ways of assessing this and
associated soil C sequestration: first, if all the additional
production is on land formerly under grass, with no associated
C sequestration; second, if half the additional production is on
land formerly under grass, with a low rate of C sequestration; and
third, if a quarter of the additional production is on land formerly
under grass, with a high rate of C sequestration (Methods).



In addition, there is the opportunity cost of the amount of C
that could be sequestered if the land were instead used to
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Fig. 3 Total GHG emissions from food production for England and Wales (E & W) under conventional and organic farming methods. a For food crops for
human consumption both from home and overseas production. b Additional net emissions due to soil C sequestration (CS) and overseas land use changes
(LUC) to compensate for shortfalls in home production: High= all LUC by conversion from grassland, no CS; Medium= 50% of LUC by conversion from
grassland, moderate CS; Low= 25% of LUC by conversion from grassland, high CS; COC= carbon opportunity cost of Searchinger et al.35 (Methods). c For
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over the first few decades following conversion, however a flat rate is applied here. Data are means ±1 standard deviation from the uncertainty analysis
(Methods). Source Data are provided as a Source Data file
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maximise its C storage potential, for example by converting it to
productive forest. This aspect is considered by Searchinger
et al.35, who define a ‘Carbon Opportunity Cost’ (COC) as the
amount of C that could be sequestered annually per kg of
agricultural commodity if the land were instead used to
regenerate forest. We also calculated this (Methods).



The results (Fig. 3b, d and Table 1) show that the net effects are
sensitive to both the LUC scenario and the degree of soil C
sequestration. If all the LUC is by conversion of grassland with no
C sequestration (the High scenario), net emissions increase by
56% over the conventional baseline. Whereas, if only 25% of the
LUC is from grassland, with a high rate of C sequestration (the
Low scenario), net emissions are comparable to those in the
conventional baseline. With 50% LUC from grassland, and a
moderate rate of C sequestration (the Medium scenario), the net
increase is 21%. However, if the COC is added in, the net GHG
costs of organic production are much worse. For the Medium
LUC and C sequestration scenario, adding in the COC (35.7 ± 6.6
Mt CO2e yr−1) gives a net increase in emissions over the
conventional baseline of 1.7 times.



Discussion
The results show that widespread adoption of organic farming
practices would lead to net increases in GHG emissions as a result
of lower crop and livestock yields and hence the need for addi-
tional production and associated land use changes overseas. It is



not obvious how additional overseas land could be found, without
expanding the existing area of tilled land by ploughing up
grassland. The global demand for food is expected to increase by
59–98% by 205034. Given that land resources are finite, this
implies more competition for land, and more-intensive food
production per unit land area, whereas current organic systems
are inherently less intensive.



There are undoubted local environmental benefits to organic
farming practices, including soil C storage, reduced exposure to
pesticides and improved biodiversity. However, these potential
benefits need to be set against the requirement for greater pro-
duction elsewhere. As well as increased GHG emissions from
compensatory changes in land use to make up for production
shortfalls, there are substantial opportunity costs from reduced
availability of land for other purposes, such as greater C storage
under natural vegetation35. Further, although organic systems
may favour increased local biodiversity, habitat fragmentation
under low-yielding organic systems may mean global species
diversity is in fact greater under land-sparing, high-yielding
systems36,37.



Could yields under organic management be improved to
reduce land requirements? Improvements in organic rotation
design and more effective and reliable supplies of N from bio-
logical fixation are possibilities38,39. However, these improve-
ments are probably marginal, given the fundamental requirement
for more leys in rotations under organic management. Given the
much larger contribution of livestock farming to GHG emissions,
a greater impact could be gained from reduced meat consump-
tion. Less livestock farming could release land for crops for
human consumption and for other purposes such as C storage40.
However, against this, global trends are towards greater per capita
and total meat consumption33. Also livestock can play important
roles in local nutrient cycling and the provision of ecosystem
services41,42.



In summary, our assessment of the impacts of a 100% con-
version to organic farming in England and Wales has revealed
that, whilst improvements in resource use efficiency could be
obtained, reduced outputs would mean that more imports would
be required to maintain food supplies. This major expansion in
agricultural cultivation overseas to make up for domestic supply
shortfalls would lead to increased GHG emissions from the
associated land use changes. Ultimately it is unlikely that there
exists any single optimal approach to achieving environmentally
sustainable food production. Therefore, context-specific evalua-
tions are required to reveal the extent to which organic systems
can contribute, alongside other approaches, to multi-objective
and internationally binding sustainability targets.



Methods
The OLUM. The OLUM (Optimal Land Use Model)16 is a linear programming
(LP) model that includes a suite of organic farming activities that take place in nine
Robust Farm Types: specialist cropping, mixed arable and livestock, specialist
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Fig. 4 Overseas land area needed for imported food. The area required to
offset shortfalls in domestic production under organic methods is over five
times that under conventional methods, largely due to imports of oilseeds,
pork, poultry meat, eggs and milk. Note only the products listed in Fig. 1 are
included; products that are not produced in the UK on a large scale (such as
maize, rice, tea, coffee and sugar cane) are excluded (Methods). Source
Data are provided as a Source Data file



Table 1 Total GHG emissions from crop and livestock production under conventional and organic production allowing for High,
Medium and Low levels of overseas LUC and soil C sequestration as in Fig. 3



Conventional Organic



High Medium Low



Emissions (Mt CO2e yr−1) 49.3 ± 2.1 77.1 ± 4.2 59.8 ± 2.7 46.6 ± 4.1
Fraction as CO2 (%) 34 59 48 33
Fraction as CH4 (%) 36 25 32 41
Fraction as N2O (%) 29 16 21 26
Difference from conventional baseline p < 0.05 NS NS



*Data are means ± 1 std. dev
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dairy, lowland grazing livestock, Less Favoured Area (LFA) grazing livestock, pigs
and poultry, and other. These cover the entire agricultural land-base in England
and Wales. The Objective Function of the model, which is maximised subject to
constraints on resource availabilities, is the sum of total crop and livestock pro-
duction, expressed as ME. Although human diets also need proteins, fats and
nutrients, energy requirements are deemed to be a primary driver of consumption
and an inadequate food-energy intake is almost always accompanied by insufficient
intake of nutrients37.



The basic formulation of the OLUM is



Z ¼
Xn



ij¼0
Cij � xij subject toRxij � b; xij � 0; ð1Þ



where Z is the objective function to be maximised, Cij is the ME output (fresh
weight per unit crop area or livestock number yr−1) of agricultural product i on
soil × rain class j, xij is a scalar for the agricultural activity (crop area or livestock
number), Rxij is a factor for the input and resource requirement associated with the
agricultural activity, and b is a vector for resource endowment and input
availability (e.g., land by soil and rainfall class, and available soil N). Human dietary
change is not considered.



In each farm type, the set of crop and livestock production activities available
are fixed, as evidence suggests that the dominant agricultural activity (e.g., dairy
farming) will usually stay in place post conversion to organic management, due
to existing farm infrastructure, farming knowledge and local conditions43.
However, these activities can be individually expanded and contracted
endogenously. The land areas under each farm type are fixed, reflecting the areal
coverage of their conventional equivalents recorded in the June Survey of
Agriculture in 201044. A number of logical constraints are applied in the model
to reflect: the availability of land in the various soil/rainfall classes (next
paragraph); maximum permissible area of crop groups (e.g., cereals, root crops)
reflecting rotational constraints; and upper limits on the total output of each
crop, set at 150% of the current supply, following an assumption that further
increases could not be absorbed by the market. Rotational N availability limits
are also imposed, as determined by crop and livestock-product offtake (from the
land), N supply from various sources, such as biological fixation, imported feed
and atmospheric deposition, as well as manure-N availability in each region. We
assume balances of P and K are maintained by applying P and K minerals
commonly used in organic systems. Livestock numbers and associated product
output volumes are constrained by feed availability, as well as maximum and
minimum stocking density constraints.



Heavy, medium, light and humose soil classes are defined with specified organic
matter contents and pH values, and their spatial distribution across England and
Wales in 5 km × 5 km grid squares were obtained from the National Soil Inventory
(www.LandIS.org.uk). Four rainfall classes are defined based on 30-year
Meteorological Office annual rainfall data: dry 539–635 mm, medium 636–723
mm, wet 724–823 mm and very wet 824–2500 mm. The total areas of each soil ×
rainfall combination were determined by identifying the dominant combination in
each 5 km × 5 km grid square and allocating to that combination the sum of the
areas of each square, less any non-agricultural area.



The OLUM produces a best estimate of production under fully organic
agriculture in England and Wales, assuming that food production would be
maximised. To ensure that the results are reasonable, outputs are compared to the
real-world distribution of conventional production in 2010 derived from a range of
industry sources (Supplementary Table 4), and to results from a previous study on
the production impacts of a switch to organic farming in England and Wales15.



The Agri-LCA models. We assessed the environmental impacts of conversion to
organic farming using the Cranfield Agri-LCA models for England and Wales3.
Fossil energy use and emissions of CO2, CH4 and N2O per tonne of each food
commodity produced under given soil and management conditions are combined
with official data on levels of production, to provide estimates of the total GHG
impact of agriculture. Results from earlier emissions analyses generated by these
models for the current mix of agricultural systems in England and Wales are used
as a comparator against which to assess the organic conversion scenario. We adjust
the following components of the Agri-LCA models to better reflect organic agri-
culture using data sources listed in Supplementary Table 4: first, crop and grassland
yields; second, crop cultivation practices and manure/compost application rates;
third, crop and grassland areas by soil and rainfall type; fourth, livestock pro-
ductivity and mortality rates; and fifth, livestock diet compositions.



Crop yield, cultivation and manure application data are adjusted for 12 main
crops: wheat, barley, rye, oats, potatoes, oilseed rape, sugar beet, beans and peas,
cabbage, carrots, onions and forage maize. These cover 98% of the cultivated land
in England and Wales44. All data sources used in this exercise are provided in
Supplementary Table 4. Crop and grassland areas under each of 16 soil and rainfall
classes are derived from the OLUM results. The crop areas, by each soil and rainfall
class, are used in the Agri-LCA models to adjust N2O and CO2 impacts to reflect
organic management. The functional units used in the LCA are tonnes of marketed
crop-product.



Organic animal production data for the Agri-LCA are drawn from a range of
industry sources to define, by livestock type: daily live-weight gain, annual fat-
corrected milk yield, and feed conversion ratios. Data are also input to the Agri-
LCA on the composition of livestock diets, stocking rates per hectare and the



proportion of livestock on upland and lowland. These values ensure that feed
intake meets the ME demand of livestock. Nitrogen excretion from livestock is
derived from mass balances. Compound feed composition data are also applied to
determine embedded impacts of feed production overseas. Direct CH4 emissions
from livestock are calculated as a function of dry matter intake (scaled in
proportion to the forage dry matter intake), live-weight and milk yields. The Agri-
LCA livestock emissions estimates are based on six commodities: eggs, milk, sheep,
beef, pig and poultry meat. Meat outputs are defined in terms of total dressed
carcass weight (tonnes), eggs by weight (tonnes) and milk output as fat-corrected
litres3.



System boundaries and allocation of environmental burdens. The downstream
system boundary applied in the Agri-LCA modelling is the farm gate, i.e., only
resources consumed during the production of inputs and on-farm-based processes
are considered (i.e., ‘from cradle to farm gate’2). The GHG emissions associated
with downstream activities—such as distribution, consumption and disposal of
products produced on the farm—are not included. Some on-farm processing, such
as grain drying, milk cooling and potato storage, are included in the total impact
assessment, as these operations are considered to be part of the on-farm production
process3. Where multiple products are derived from the same agricultural activity,
such as grain and straw from cereals production, the GHG emissions from fossil
energy use associated with the different components are allocated on the basis of
relative economic value and by system expansion with regard to manure (i.e., the
manufactured N fertiliser avoided is discounted from the environmental burdens
associated with non-organic crops). Where economic allocation is used in the Agri-
LCA, an organic price differential is applied. Emission factors are derived from
IPCC 2006 estimates and total emissions of CH4 and N2O converted to CO2



equivalents using their 100-year Global Warming Potentials (GWPs). The time-
dependency of the GWP values introduces some uncertainty, particularly for CH4



which has a 20-year GWP more than twice its 100-year value. However, allowing
for this would introduce undue complexity. The emissions associated with animal
feed production are allocated to the livestock emission estimates, not those for crop
production.



Imports and exports. The GHG emissions associated with producing imported
food are allowed for in the Agri-LCA models. We assume that any shortfall in
supply from organic agriculture is made up by increased imports of organically
produced commodities from overseas. We use data from industry sources (Sup-
plementary Table 5) to allocate imported product to the historic regions of origin
of imports45. The GHG emissions associated with the transport of imports to
England and Wales is determined by multiplying the total volume of imported
products by GHG coefficients derived from Hess et al.45. Transport burdens for
imported sugar and sheep meat are derived from Plassman et al.46 and Webb
et al.23, respectively.



Where the OLUM generates crop and livestock production in excess of
domestic demand, the surpluses are assumed to be exported and the GHG and
fossil energy burdens associated with production of the exported commodities are
subtracted from the total environmental burdens of organic agriculture. The same
adjustment is made to the GHG estimates of exports for conventional agriculture
(see data sources for export volumes in Supplementary Table 5). Where the OLUM
reduces production below the level of domestic demand it is assumed that no
exports occur, i.e., domestic consumption would take priority.



Fossil energy use and GHG emissions associated with the production of oilseed
rape, sugar beet, wheat and lamb from non-European countries are derived from
Pelletier et al.47, Tzilivakis et al.48 and Webb et al.23. The environmental burdens
associated with crop and livestock products sourced from Scotland, Northern
Ireland and the rest of Europe are derived from the Agri-LCA, under the
assumption that similar emissions and fossil energy use would occur in these
systems3.



Soil carbon sequestration. We obtain an upper estimate of potential sequestration
rates in organic systems based on rates of change of soil C measured in the
National Soil Inventory (NSI) of England and Wales49, as follows. Kirk and Bel-
lamy28 summarised the NSI results by fitting to the data the simple single-pool
model



dC=dt ¼ I � kC; ð2Þ



where C is the C content per unit land surface area, I is the rate of input from
vegetation and other sources and k is a rate constant for decomposition. They fitted
Eq. (2) to the data for each NSI land use class separately, omitting organic soils
(which accounted for <5% of all the soils in the NSI) because their rates of change
were less certain. The soil C content at steady state, when dC/dt= 0, is equal to I/k.
Soils with C contents greater than the steady-state value lose C; those with C
contents less than it sequester C.



We take the NSI class ‘rotational grass’ (i.e., grass that is sown and then
tilled every few years as part of an arable rotation) to represent potential C contents
under ideal organic management, and the class ‘arable’ to represent C contents
under conventional arable management. The mean soil C contents were 43.2
(n= 552 sites) and 58.7 (n= 301 sites) Mg C ha−1 under arable and rotational
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grass, respectively, and the calculated steady-state C contents were 37.6 and
55.0MgC ha−1, respectively, indicating the rotational grass soils were on average
close to steady state and their C contents therefore represent maximum
potential sequestration levels. The values of I and k for rotational grass were
2.54MgC ha−1 yr−1 and 0.046 yr−1, respectively (equivalent to negative emissions of
−9.3 and −0.17MgCO2 ha−1 yr−1). Substituting these values and the mean arable
C content in Eq. (2) gives for the mean rate of sequestration on conversion from
arable to rotational grass ((2.54− 0.046 × 43.2)+ 0)/2= 0.28MgC ha−1 yr−1 (or
−1.03MgCO2 ha−1 yr−1). After adjusting for the proportion of arable to arable
plus rotational grass, the rate is 0.28 × 552/(552+ 301)=0.18MgC ha−1 yr−1 (or
0.66MgCO2 ha−1 yr−1). We use this as the high C sequestration rate in Fig. 3. We
assume sequestration rates in established swards of permanent pasture or rough
grazing to be zero given that these sites will have already reached steady state.



For comparison, in a literature survey of experiments comparing conventional
and organic farming, Gattinger et al.24 found sequestration rates between 0.07 and
0.45Mg C ha−1. However, most of these comparisons involved very high rates of
external organic matter inputs to the organic systems. The average inputs were four
times those under conventional farming for the full dataset and two times for
systems with inputs equivalent to those from one European Livestock Unit (ELU)
ha−1 26. We calculate that quantities of farmyard manure would be only
approximately 12% greater under organic farming, as a result of greater
numbers of grazing livestock (Supplementary Table 3). We therefore consider
Gattinger et al.’s upper and middle sequestration estimates to be unrepresentative
and take as the moderate sequestration rate in Fig. 3 their lower value of
0.07Mg C ha−1 yr−1.



Gains through C sequestration will be time-limited, because any given soil has a
finite capacity to accumulate C and a new steady-state C content will be reached
after a few years, when increased C inputs are matched by increased losses at the
greater soil C content. Our estimated sequestration rates therefore only apply in the
early-years following conversion to organic methods. Based on the NSI data, a new
steady-state C content on conversion from arable to rotational grass would only be
attained after (55.02− 43.15)/0.28= 42 years.



Additional emissions from overseas LUC and C sequestration. We estimate the
additional overseas land area required for each of the food products listed in Fig. 1,
produced organically, as follows. For crops, we use first, regional yield data from
Eurostat, second, organic crop yields from the recent meta-analysis by de Ponti
et al.32 and third, results of an LCA for milling wheat grown in Canada47. For
livestock, we use first, regional yield data from Eurostat, second, results from the
Agri-LCA3 and third, recent studies on the environmental burdens of imported
lamb from New Zealand23,50. The additional land area is calculated from the total
overseas area required less the amount required for imports in the conventional
baseline (based on the values in Supplementary Table 6). The corresponding
emissions are calculated as follows.



We assume that woodland would not be converted for food production as this
would conflict with the principles of the International Federation of Organic
Agriculture Movements (IFOAM)51. We calculate emissions from the conversion
of grassland to crops from the area converted multiplied by LUC emission
estimates specified by the British Standards Institute for a range of countries52.
Considering that not all the LUC would be from grassland, we compare three ways
of assessing the net emissions from overseas LUC and associated soil C
sequestration, plus that of home production, as follows. First, High: all the
additional land required is converted from grassland, with no net soil C
sequestration at home or overseas. Second, Medium: 50% of the additional
arable land is converted from grassland, with a moderate rate of C sequestration
(0.07 Mg C ha−1 yr−1) at home and overseas. Third, Low: 25% of the additional
arable land is converted from grassland, with a high rate of C sequestration
(0.18 Mg C ha−1 yr−1) at home and overseas.



Following Searchinger et al.35, we also calculate the additional ‘carbon
opportunity cost’ (COC) of using the land for agriculture as the quantity of C that
could be sequestered annually if the average productive capacity of land used to
produce 1 kg of each food product globally were instead devoted to regenerating
forest. We calculate the total COC from Searchinger et al.’s35 COC factors per unit
fresh weight of each food product (separating crops for human consumption from
those used as animal feeds) multiplied by the additional fresh weight imports of
each product required to offset home production shortfalls. This is in addition to
the emissions calculated under the LUC and C sequestration scenarios (1)–(3)
above. This ‘C gain’ method—as opposed to a ‘C loss’ method based on plant and
soil C lost to date per unit food production—applies if it is only possible to increase
C by re-establishing forests.



Uncertainty analysis. Estimates of uncertainty for each main commodity analysed
were produced following the method of Wiltshire et al.53. Uncertainties were
derived using Monte Carlo simulations with each domestically produced crop
commodity given an uncertainty estimate of 10% (i.e., in a triangular distribution
with upper and lower bounds at 10% of the mean) and each domestically produced
livestock commodity at 15%. The emissions for crops and livestock were summed
in separate Monte Carlo simulations to produce overall uncertainty estimates for
each sector (as the standard deviation). These were increased by 15% for all
imported commodities en bloc. Emissions from import transportation were



assumed to have a standard deviation of 10% of the mean53, i.e., the coefficient of
variation (CV) is 10%. The areas of land derived by the LP were assumed to have
an error of 15%, which was applied to the whole solution, not per crop, given that
all areas were derived from any individual solution. Error bars on production area
per crop (or livestock commodity) are thus not shown.



The final emissions and uncertainty estimates for each production system
were derived from the sum of emissions from domestically produced crops and
livestock together with emissions from imported crop and livestock production,
together with their transport emissions, based on supply chain data from Webb
et al. (2013)23 and Williams et al. (2017)54. Estimates of the uncertainty from LUC
were derived from Houghton55 and those from C sequestration from Kirk and
Bellamy28 for the upper rate and from Gattinger et al.24 for the medium and lowest
rates. These were implemented as the uncertainty being a proportion of the means
that were applied to the LUC and C sequestration scenarios. These were established
as having a CV of 17% for LUC55, which was increased for the carbon opportunity
cost of Searchinger et al.35 by a factor of 1.5 to allow for the extra uncertainty of the
method (i.e., CV of 26%). The uncertainty of the high level of C sequestration was
86 and 24% for lower levels.



The uncertainty estimates for the sum of crop and livestock commodities,
transport and land use change emissions and sequestration are summarised in
Supplementary Table 7. These were used as input values of uncertainties in the last
stage to derive the overall uncertainties of each scenario. We tested the significance
of differences in mean values, z, using Eq. (3)53



z ¼ mA �mBj jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2



A ´m
2
A þ CV2



B ´m
2
B



p ´ 100; ð3Þ



where mA and mB are the means of systems A and B, respectively, and CV is the
CV of each mean (expressed as whole numbers). The threshold for a significant
difference at the 5% level was z ≥ 1.96.



Reporting summary. Further information on research design is available in
the Nature Research Reporting Summary linked to this article.



Data availability
The data underlying these calculations can be accessed at: https://doi.org/10.6084/m9.
figshare.6080333.v2. OLUM model code and data can be accessed at: https://tinyurl.com/
yxlszsrv. The Agri-LCA models and data can be accessed at: https://tinyurl.com/yy5jol7c
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Executive Summary



Prescribed fires in semi-desert grasslands in Arizona.  
Credit: Andrea Litt



Prescribed fire is applied widely as a management 
tool in North America to meet various objectives 
such as reducing fuel loads and fuel continuity, 



returning fire to an ecosystem, enhancing wildlife habitats, 
improving forage, preparing seedbeds, improving 
watershed conditions, enhancing nutrient cycling, 
controlling exotic weeds, and enhancing resilience from 
climate change. Regardless of the particular objective, fire 
affects ecosystem structure, composition, and function in 
many ways.



We used a regional approach, focusing on selected 
vegetation types for our review (Figure 1). Included 
were southeastern pine (Pinus spp.) and mixed pine-
oak (Quercus spp.) forests, eastern coastal marshes, 
midwestern jack pine  forests, sagebrush (Artemisia spp.) 
ecosystems of the interior West, mixed-severity forests of 
the northern Rocky Mountains, subalpine and montane 
forests of the Canadian Rockies, southwestern ponderosa 



pine forests, desert grasslands, and shortgrass steppe 
ecosystems. We structured each regional account by 
reviewing historical and current uses of fire, and then 
discussed fire effects on wildlife and the challenges of 
using prescribed fire in each system. 



Prescribed fire affects wildlife in various ways. Population 
responses by species can be positive, negative, or neutral, 
short-term or long-term, and they often vary across spatial 
scales. Whereas prescribed fire can create or maintain 
habitats for some species, it can also remove or alter 
conditions in ways that render it unsuitable for other 
species. Furthermore, a species may benefit from fire in 
one situation but not another. Given the variations in fire 
and in species responses, the only real generalization one 
can make is that exceptions occur. Fire does not occur 
uniformly across a landscape, instead manifesting as a 
heterogeneous mosaic that provides habitats for different 
species, thereby influencing wildlife diversity. Practitioners 











The Wildlife Society  ©2016 Effects of Prescribed Fire on Wildlife and Wildlife Habitat in Selected Ecosystems of North America 8



should try to emulate natural mosaic patterns by 
designing and implementing a set of prescriptions rather 
than applying one prescription across a landscape.



Social issues, particularly those surrounding smoke and 
emissions, constrain where, when, and how managers 
can burn vegetation. Certainly, emissions standards 
enforced by state and federal environmental agencies 
limit windows of opportunity for burning. Smoke 
billowing into human communities is a health concern, 
especially for people with existing respiratory ailments. 
Many publics associate smoke with fire and conclude 
that fire is bad. Progress has been made in educating 
the public concerning benefits of prescribed fire to both 
reduce threats of wildfire to people and property and to 
maintain or enhance ecological communities, but much 
work remains.



In conclusion, benefits of prescribed fire far outweigh 
negative effects. The science of prescribed fire 
continues to provide better information and options for 
resource managers to incorporate into management 
plans. Prescribed fire should be applied within a 
structured adaptive management framework, which 
requires developing and implementing monitoring 
systems to evaluate the efficacy of specific fire 
prescriptions. Depending on monitoring results, 
prescriptions could be applied elsewhere or adjusted to 
meet management objectives. Either way, prescribed 
fire is an important resource management tool that can 
be effective at maintaining or enhancing habitats for 
many species of wildlife. Longleaf pines require periodic fires to persist on the landscape.  



Courtesy of the Orienne Society
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terns occurred after the Civil War, leading to a further decline 
in fire frequency (Cutter and Guyette 1994). During the late 
1800s and well into the 20th century, numerous government 
programs were enacted to suppress fire; perhaps the most 
effective of these campaigns was “Smokey Bear” (Pyne 
1997). As fire suppression became commonplace, tree 
densities increased and coarse woody debris and litter accu-
mulated. Increased fuels and fuel continuity led to larger and 
hotter fires (Varner et al. 2005), which often had sufficient 
intensity to kill fire-adapted plant species. Today, the impor-
tance of fire within ecosystems is largely recognized, and 
use of prescribed fire as a restoration and management tool 
is considered valuable (Debano et al. 1998, Melvin 2012). 
Prescribed fires with specific wildlife habitat management 
objectives are now common (Krausman et al. 2011).



Within virtually all ecosystems, wildlife and other biota fall 
along a continuum from fire-intolerant species to those spe-
cies that could not exist in the absence of periodic fire (i.e., 
fire-dependent or fire-obligate species). Wildlife responses 
to prescribed fire also can be broadly classified into direct 
responses to fire events, indirect responses that occur due 
to conditions created by fire, and evolutionary responses that 
influence where a species falls on the fire-intolerant to fire-
dependent continuum (Whelan et al. 2002, Engstrom 2010). 
Although direct mortality occurs, it is generally confined to a 
few individuals within populations (Conner et al. 2011). Sur-
viving a fire event often can be attributable to a behavioral 
response (e.g., fleeing to an unburned area, finding refugia in 
burrows, etc.) to avoid fire-induced injury or death. 



Indirect effects associated with fire events also elicit a 
wildlife response. Most commonly, these responses are 
associated with changes in vegetation (Engstrom 2010) 
or snag production (Zamoch et al. 2014) as a result of 
fire, but may also include attraction of predators to feed 
on prey displaced by a fire (Komarek 1969) and mortality 
events associated with fire-facilitated predation (Conner 
et al. 2011, Morris et al. 2011). However, in the absence 
of fire, these same species may become locally extinct 
due to vegetation succession and subsequent decline in 
habitat quantity or quality (Morris et al. 2011). 



W   ildland fires occur throughout North America 
(Pyne 1997), and some suggest that as 
much as 60% of North American landscapes 



have been shaped by low-intensity fires (Melvin 2012). 
Prescribed fires, defined as human-ignited fires intended to 
accomplish a particular management objective, have been 
used for centuries as a vegetation and wildlife management 
tool (Poulos 2015). Prior to this time, fire-maintained 
ecosystems evolved as a result of lightning ignition (Rorig 
and Ferguson 1999). In many instances, Native Americans 
were instrumental in applying fire on landscapes (Delcourt 
and Delcourt 1997, Pyne 1997). Indeed, Native Americans 
should be considered the first practitioners of prescribed 
fire in North America, as ample evidence suggests that they 
used fire to modify their surroundings (Pyne 1997).  



Fire frequency in North America declined following European 
settlement. Fire suppression due to changing land-use pat-



Introduction



Elk grazing in the Carrot Creek prescribed fire area in  
Banff National Park.  
Credit: Ian Pengelly 
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bottlenecks associated with use of prescribed fire to meet 
management objectives.



To provide a science-based understanding of impacts of 
prescribed fire from a wildlife management perspective, The 
Wildlife Society was petitioned to provide a technical review of 
effects of prescribed fire on wildlife populations, communities, 
and wildlife habitat. The purpose of this review is to: 1) 
review the history of natural and prescribed fire in North 
America; 2) discuss effects of prescribed fire on vegetation 
and wildlife communities; 3) describe current and perceived 
future obstacles to continued application of prescribed fire; 
4) examine the potential future use of prescribed fire and 
policy needed for continued use of this tool; and, 5) suggest 
information gaps and research needs to improve our ability to 
use prescribed fire to better meet desired management goals. 
To address these purposes in a relatively concise document, 
the authors of the review chose to approach the review from 
an ecosystem perspective (Figure 1). Each ecosystem is 
treated separately in an attempt to show the widespread use 
of prescribed fire in North America and to provide ecosystem-
specific examples of prescribed fire use and effects. 



Finally, evolutionary responses occur as the result of 
wildlife being exposed to fires for many generations. 
These responses result in adaptations that ultimately 
determine the position of species along a continuum from 
fire-intolerant to fire-obligate species and presumably 
contribute to observed diversity of animal communities 
in areas that are exposed to fire events. Fire history, 
especially fire-return interval, greatly affects composition 
of animal communities relative to the fire-intolerant to fire-
obligate continuum (Handley 1969). 



Fire-return intervals vary by ecosystem; for example, 
subalpine forests burn every 300-400 years (Romme 
1982), boreal forests burn every 69-132 years (Bergeron 
et al. 2001), ponderosa pine (see Appendix A for scientific 
names) forests burn every 1-125 years (Veblen et al. 2000), 
and longleaf pine forests burn every 2-10 years (Ware et 
al. 1993). In systems where fire occurs infrequently, wildfire 
events often result in stand or system replacement and may 
profoundly impact wildlife populations. In frequently-burned 
systems, fire intensity is considerably lower and unlikely 
to result in pronounced mortality of native species or shift 
in community composition.  Effectively, fire can be used to 
maintain or alter vegetation associations or seral stages, 
thereby influencing habitats and wildlife communities 
(Box 1. See page 63).  Indeed, within ecosystems that 
historically experienced frequent fires, fire suppression 
should be considered a disturbance because it leads to 
altered vegetation composition (Fill et al.  2015).



Basic uses of fire as a forest management technique in-
clude: wildfire hazard reduction, controlling competing veg-
etation (usually hardwoods), thinning and release of crop 
trees, disease control, site preparation (for both artificial 
and natural regeneration), increasing quantity and quality of 
forage for livestock grazing, and managing and improving 
wildlife habitat (Lotan et al. 1978, Crow and Shilling 1980, 
Van Lear et al.1985). Recognizing the role of fire within 
North American landscapes does not eliminate problems 
associated with its use, and a myriad of issues threatens 
our ability to continue to apply prescribed fire as a manage-
ment tool. Concerns about human health, a lack of trained 
prescribed fire practitioners, landowner or land manager 
liability, and decreased forest productivity are but a few 
reasons that prescribed fire can be difficult to implement 
(Melvin 2012, 2015). However, fire practitioners and state 
forestry agencies are making headway toward addressing 



Fig. 1. Map of North American types reviewed in this assessment.
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The oak-pine forest type is the largest cover type 
in the eastern United States (Lotan et al. 1978). 
Primary pine species within the southeastern 



United States include shortleaf, longleaf, loblolly, and 
slash pines. Fire has played a major role in development 
and maintenance of southern pine ecosystems (Garren 
1943, Komarek 1974, Van Lear et al. 1985). Fire in the 
oak-pine forest type results in pine dominance over oak 
to form a disclimax association rather than an oak climax 
association (Garren 1943, Oosting 1956). In the absence 
of fire, succession progresses from oak-pine to oak-
hickory climax (Braun 1950, Oosting 1956). Depending 
on the biophysical site conditions and fire frequency, oaks 
and other hardwoods may vary in abundance because of 
their individual fire tolerance and site adaptability. 



In ecosystems where natural disturbance processes, 
particularly frequent fire, are allowed to operate freely, 
old-growth stands may be characterized by low basal 
area, open canopy, pure or nearly pure pine stands with 
limited midstory, and a grass-dominated understory 
(Komarek 1974, Fryar 1991, Masters et al. 1995, Sparks 
and Masters 1996, Batek et al. 1999). Oaks and other 
hardwoods may be present to varying degrees depending 
on site characteristics (Vogl 1972, Fryar 1991, Kreiter 
1994, Masters et al. 1995). A distinct woody component 
will be present in the understory but suppressed by fire 
(Sparks et al. 1999, 2002). With increasing time since fire, 
woody stems in the understory gradually grow into the 
lower midstory (Masters et al. 2002).



Historical and Current Use of Fire 



Historical fire-return intervals range from 1 to 3 years in 
the Lower Coastal Plain, 4 to 6 years in the Upper Coastal 
Plain, 7 to 12 years in the Piedmont and Tablelands, to 
13 to 25+ years in mountainous regions (Frost 1998). 
Across much of the southern United States and in the 
southern Appalachians, timing of lightning-set fires occurs 
on a bimodal distribution, most frequently in late-spring 
and early summer with another, smaller peak in early 
fall (Komarek 1968, Barden and Woods 1973). Relative 



Southeastern Pine and Mixed Pine-Oak 



area burned by lightning fires is limited north and west of 
Florida; therefore, it is not axiomatic that lightning-set fires 
perpetuate dominance of pine across its range (Masters et 
al. 1995, Ison 2000). Prevalence of fire-derived cover types 
in areas of limited lightning supports the hypothesis that 
anthropogenic fire maintained vegetation conditions in the 
southern Appalachians and Cumberland Plateau regions, 
dating back 9,500 years before present (Ison 2000). 



Frequent fire of anthropogenic origin prior to the mid-1850s 
is mentioned in numerous historical accounts in the Interior 
Highlands of Arkansas, Missouri, and Oklahoma where 
shortleaf pine occurs (Beilmann and Brenner 1951a,b; 
Masters et al. 1995). Similar historical accounts also note 
frequent fire in the Gulf Coastal Plain from east Texas 
across Louisiana to Georgia and north into the Carolinas 
and Virginia and in the Cumberland Plateau region (William 
Bartram in 1773 see Vogl 1972, Ison 2000, Jurney et al. 
2004). Native Americans likely were the most important 
source of ignition, compared to lightning, as distance from 
the Lower Coastal Plain and Florida increases to the west 
(Frost 1998). Pine-grassland community development was 
attributed in part to frequent burning by Native Americans 
and persisted across the southern United States well 
into the 1900s as a result of the adoption of this practice 
by early settlers to manage free-ranging livestock (Vogl 
1972, Waldrop et al. 1992). Annual burning throughout the 
southern pine region was commonly practiced in the early 
1900s (Mattoon 1915). Fire has been used as a forest 
management tool in the southeastern United States since 
early settlement. Most research, however, has examined 
shortleaf, loblolly, longleaf, and slash pines in Coastal Plain 
areas (Lotan et al. 1978, Wright and Bailey 1982, Murphy 
and Farrar 1985). 



Fire Effects on Wildlife



Fire improves forage for wildlife by increasing palatability, 
nutrient content, digestibility, productivity, and availability 
of grasses and forbs (Lay 1967, Komarek 1974, Reeves 
and Halls 1977). Lay (1956) and Oosting (1944) also 
documented plant species composition change and 
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invertebrates may be reduced by fire, but as succulent 
herbaceous regrowth occurs, herbivorous insects increase 
(Dickson 1981). These changes in composition of the 
invertebrate community may affect breeding success of 
some birds, because invertebrates are a critical source of 
nutrients for many breeding birds (Landers 1987). 



Stands of mature, shortleaf pine-bluestems with abundant 
herbaceous ground cover and little-to-no hardwood 
midstory that are managed with late-dormant season 
fire at 3-year intervals have diverse and abundant small 
mammals and songbirds (Wilson et al. 1995; Masters et 
al. 1998, 2001, 2002). Similarly, frequent prescribed fires 
within the longleaf pine-wiregrass forest are associated 
with increased diversity of birds (Landers and Crawford 
1995, Steen et al. 2013a) and small mammals (Landers 
1987). Frequent fire essentially re-sets the succession 
clock in the understory by lowering density and cover of 
woody vegetation, creating habitat for some bird species, 
such as the red-cockaded woodpecker (Ligon et al. 
1986). Michael and Thornburgh (1971) noted increased 
abundance of birds within pine-hardwood stands subjected 
to partial hardwood removal and fire, and Steen et al. 
(2013a) observed that prescribed fire applied over a 15-
year period within hardwood-encroached longleaf pine 
stands was sufficient for re-occupancy by bird species 
regarded as specialists in longleaf pine systems.



At least 10 species of breeding birds are considered 
pine-grassland obligates and are benefited by prescribed 
fire (Wilson et al. 1995, Conner et al. 2002, Masters et 
al. 2002, Cox and Widener 2008). Another 11 species 
increase in abundance with pine-grassland management 
(Masters et al. 2002), which likely is related to retention 
of oaks and other hardwoods within pine-grasslands and 
associated hardwoods along ephemeral drainages within 
stands (Masters et al. 2002). 



There is a rapid successional progression of bird species 
not considered to be pine-grassland obligates that are 
associated with increasing height of lower-midstory 
hardwoods and pine, depending on time since the last 
burn (Landers and Crawford 1995, Masters et al. 2002, 
Cox and Widener 2008). Importance of fire in maintaining 
suitable habitat structure was well illustrated in a study by 
Walsh (2004) in which northern bobwhite avoided early 
seral stands and mature stands that had not been burned 



increased forage production after burning. Fire exclusion 
has led to declines in herbaceous ground cover (Kucera 
and Koelling 1964, Lewis and Harshbarger 1976). Lewis 
and Harshbarger (1976) studied several seasonal and 
cyclic fire treatments and observed that in all instances, 
forage production increased after fire compared to 
unburned controls. Although fire increases forage quality, 
Lashley et al. (2015) suggested lack of cover following fire 
may result in wildlife avoidance of these areas.  



Fire in woodlands can promote sprouting and increase 
cover of hardwoods at the expense of wildlife forage 
production (Shrauder and Miller 1969), with frequent fire 
leading to dominance by fire-tolerant grasses that may 
not be used as forage. Frequent fire may also negatively 
impact wildlife species that depend upon soft mast (e.g., 
blackberry, huckleberry; Lay 1956), which is generally 
absent on new growth. 



Although hardwood midstories can be detrimental to 
forage production, fire may negatively impact hardwoods 
critical for some wildlife such as squirrels (Sciurus spp.), 
white-tailed deer, northern bobwhite, and wild turkeys 
(Heirs et al. 2014). Hardwoods may also provide cavities 
for squirrels, bats, and cavity-nesting birds, and hardwood 
bark often harbors insects consumed by birds. Although 
hardwoods are important to fox squirrels in a longleaf 
pine forest (Perkins et al. 2008), Conner et al. (1999) 
suggested that suppressing fire would increase hardwood 
dominance, ultimately resulting in gray squirrels replacing 
fox squirrels.



Snag retention can be problematic in frequently-burned 
woodlands. Snags are essential for primary and secondary 
cavity-nesting species (Masters et al. 2002, Taulman and 
Smith 2004). Periodic, low-intensity fire can be beneficial 
by creating future snags (Zamoch et al. 2014), but fires 
that occur under extended dry conditions will consume 
snags. Burning when snags have high moisture content 
(>25%) (Scott and Burgan 2005), or when the Keetch-
Byram Drought Index (KBDI) is low, will reduce snag loss 
(Masters 2007).



Fire may be the most important factor affecting abundance 
of forest birds. Aside from changing habitat structure, 
fire directly affects food availability for both seed-eating 
and insectivorous birds (Komarek 1974, Landers 1987). 
At ground level, short-term abundance of litter-dwelling 
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for 3 to 5 years. Understory structure of pine forests 
largely determines composition of bird (Johnston and 
Odum 1956) and small mammal communities. Desirable 
forest structure can be altered or maintained naturally by 
periodic fire (Masters et al. 2002, Steen et al. 2013b).



When fire reduced the midstory hardwood component in 
mixed pine-hardwood forests, structural complexity and 
cavity availability were also reduced, leading to declines 
in avian diversity (Dickson 1981, Landers 1987). However, 
this is more pronounced in mid-successional, second-
growth stands and may not apply in old-growth stands 
because of a continual supply of trees with cavities and 
snags. 



Small mammal communities often benefit from pine-
grassland management. Both small mammal richness 
and total captures increase in response to thinning and 
fire (Masters et al. 1998, 2001). However, fire-facilitated 
predation results in dramatic, yet short-term, declines in 
cotton rat abundance and survival (Morris et al. 2011).  



O’Donnell et al. (2015) studied response of terrestrial 
salamanders to prescribed fire.  They suggested that 
managers focus prescribed fires during periods when 
salamanders were not surface-active to reduce detrimental 
effects of fire on salamander populations.  In a recent 
meta-analysis of forest management practices within 
southeastern pine forests, Greene et al. (2016) observed 
that prescribed fire resulted in a decrease in amphibian 
diversity.  However, they also suggested herpetofauna 
response to fire within managed pine forests was in need 
of further study. 



Low-basal-area pine-bluestem stands managed with 
frequent fire also provide more than adequate high quality 
forage for white-tailed deer and elk (Masters 1991a; 
Masters et al. 1993, 1996, 1997). Black bears used 
unburned areas more than burned areas, but among 
burned areas preferred those that had been burned 3-5 
years prior, presumably because of increased production 
of soft mast within the 3-5-year post-burn period (Stratman 
and Pelton 2007). 



Challenges



Melvin (2012, 2015) ranked 9 impediments to prescribed 
fire in the southeastern United States relative to the 
remainder of the nation. Prescribed fire practitioners 
ranked liability, capacity (i.e., having appropriate personnel 
and equipment), and air quality or smoke management 
concerns as the greatest challenges to prescribed fire in 
this region. 



A major concern revolves around application of prescribed 
fire during the growing season. Specifically, little is 
known about effects of this on nesting birds, particularly 
in association with ground-nesting birds. Some research 
on wild turkeys has been encouraging; Little et al. (2014) 
concluded that growing season prescribed fire had little 
impact on nest success of wild turkeys and Pittman and 
Krementz (2016) suggested that early growing season 
fires had no direct effect on turkey nests because the 
majority of early growing season fires occurred prior to 
peak nest initiation.  However, Pittman and Krementz 
(2016) also concluded that reintroduction of prescribed fire 
did not seem to benefit wild turkeys.



Little is known of the effects of fire frequency on wildlife. 
The preferred return interval for prescribed fire differs 
among plant species. Some species prefer frequent burns 
(≤ 2 years), whereas less frequent fires are suggested 
for other species. Little et al. (2014) noted that growing 
season fires were used to promote flowering of native 
groundcover plants for wild turkeys. However, prescribed 
fires need not occur every growing season to maintain 
these plants (e.g., fires may occur every other growing 
season [Little et al. 2014]). Streich et al. (2015) studied 
effects of prescribed fire on wild turkey nesting habitat 
and concluded that a more frequent burn regime was 
consistent with wild turkey management within longleaf 
pine forests. Effects of fire-return interval, however, remain 
poorly known for the vast number of wildlife species. 
Clearly, this topic should be the focus of future research to 
help guide application of fire as a management tool.
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activities and indirectly through widespread coastal urban 
development. Development infrastructure, such as roads, 
parking areas, and mowed lawns, has greatly increased 
firebreaks (e.g., non-burnable cover types) in tidal marsh 
landscapes. 



Since at least the 1930s, wildlife managers have used 
prescribed burning in eastern tidal marshes to improve 
habitats for waterfowl and furbearers, control invasive 
species, and reduce wildfire risk (Griffith 1940, Hoffpauir 
1961, Givens 1962, Hackney and de la Cruz 1981, Nyman 
and Chabreck 1995). Prescribed fire is purported by 
wildlife managers to: 1) promote or maintain productivity 
of marsh plants, especially those important to waterfowl 
and furbearers, 2) recycle nutrients trapped in dead plant 
material, and 3) stimulate primary productivity by marsh 
graminoids while reducing cover of woody plants (Nyman 
and Chabreck 1995, Kern et al. 2012). Managers in the 
eastern United States also use prescribed fire to remove 
cover of invasive common reed, after herbicide control, to 
facilitate recovery by native marsh plants (Cross and Fleming 
1989). Research on effects of these prescribed burns on 
nongame vertebrates, many of which are of conservation 
concern, has been limited (Mitchell et al. 2006). 



 Fire Effects on Wildlife 



Nearly all research conducted on effects of prescribed fire 
in eastern coastal marshes has focused on birds. This is 
hardly surprising as coastal marshlands provide critical 
habitat for many species of migratory birds. Many state 
and federal wildlife management units along the Atlantic 
and Gulf coasts were established to conserve and protect 
migratory waterfowl in particular, and other waterbirds. 
Wildlife studies in these conservation areas often have 
focused on these species. 



A traditional assumption by wildlife managers in the past 
century is that controlled winter burns in coastal marshes 
enhance wintering and foraging habitat for waterfowl. In 
coastal Louisiana, Lynch (1941) observed that prescribed 



Approximately 2.5 million ha of coastal marshes 
occur in the United States (Alexander et al. 
1986, Chabreck 1988). Coastal marshes form a 



comparatively narrow ecotone between upland and marine 
areas, protecting shorelines from erosion, providing 
nursery areas for estuarine and marine organisms 
(Greenberg et al. 2006), and providing critical primary 
productivity inputs to estuaries (Zedler and Kercher 2005, 
Bernhard et al. 2012). In North America, tidal marshes 
support a high proportion of endemic species in their 
vertebrate communities (Greenberg 2006).



Historical and Current Use of Fire 



Many authors have conjectured that historical fire, 
whether resulting from lightning strikes, spontaneous 
combustion, or Native American activities, has always 
been an important driver in the ecology of coastal marshes 
(Lynch 1941, Givens 1962, Nyman and Chabreck 1995). 
However, the natural fire frequency of tidal marshes 
along eastern North America is difficult to ascertain in the 
absence of woody vegetation, tree scars, and reliable 
written records. Authors have estimated historical fire 
regimes in eastern tidal marshes based largely on fire 
spread models, amount of marsh landscape uninterrupted 
by fire breaks (“fuel compartments”), and estimated 
natural ignition (e.g., lightning) frequency (Frost 1995, 
1998). Some authors  suggest that during pre-European 
times, the natural frequency of fires in tidal marshes of 
the southeastern United States was high and varied by 
latitude, with mid-Atlantic marshes having a slightly longer 
fire-return interval (4 – 6 years) than more southerly and 
Gulf Coast marshes (1 – 3 years) (Frost 1998, Baily et 
al. 2007). European settlers reportedly practiced marsh-
burning, perhaps emulating Native Americans (Nyman and 
Chabreck 1995). 



Although the historical fire-return interval in coastal 
marshes is not well-described, this interval has likely 
increased significantly during the past century. Humans 
have caused this directly through fire suppression 



Eastern Coastal Marsh Ecosystems











The Wildlife Society  ©2016 Effects of Prescribed Fire on Wildlife and Wildlife Habitat in Selected Ecosystems of North America 15



recommend a fire frequency of >2 years to maintain 
habitat for this subspecies (Gabrey and Afton 2000, 
Gabrey et al. 2001). Kern et al. (2012) studied effects of 
prescribed, winter burns on northern seaside sparrows 
and reported that nest and territory densities were greatest 
on marshes <1 year post-burn. Densities of nests and 
territories declined with time since fire, but fledgling 
density did not differ among fire-return intervals. Kern et al. 
(2012) recommend 1–4-year return intervals to maintain 
habitat quality for breeding seaside sparrows.  Ultimately, 
prescribed fires increased probability of seaside sparrow 
persistence (Kern and Shriver 2014). 



Impact of prescribed fire on sparrows is generally indirect 
through changes in habitat quality. Kern (2010) detected 
saltmarsh sparrows throughout a study area and among 
fire regimes, concluding that prescribed fire did not affect 
occupancy by this sparrow species. The author also 
found that Coastal Plain swamp sparrows occurred only 
in specific, shrubby vegetation in the high marsh, and 
also did not respond strongly to fire. Legare et al. (2000) 
captured and banded 5 swamp sparrows and 1 was 
recovered dead and burned following a prescribed fire. 
Gabrey et al. (1999) observed that winter burning reduced 
suitability of a marsh as winter habitat for Nelson’s 
sharp-tailed sparrows. Gabrey et al. (2001) concluded 
that populations on the Chenier Coastal Plain benefited 
from periodic, infrequent fires that remove dense, dead 
vegetation. 



Boat-tailed grackles and red-winged blackbirds preferred 
recently burned plots, possibly because burns reduce 
visual obstruction and ground cover, facilitating foraging 
for prey, contact with conspecifics, and detection of 
predators (Gabrey et al. 1999). Marsh wrens occurred 
more frequently in unburned than in burned plots, whereas 
common yellowthroats and sedge wrens avoided recently 
burned marshes entirely, but were present the following 
winter. The authors concluded that for certain wintering 
bird species of coastal marshes, such as tidal marsh 
sparrows and wrens, habitat suitability was reduced 
temporarily following winter burning, but these species 
recolonized burned areas by the second winter, after plant 
cover had returned to pre-burn levels. 



burns attracted geese and ducks, presumably by removing 
dense vegetation that interfered with growth of waterfowl 
foods, increasing access to seeds and rhizomes, and 
possibly increasing nutritional quality of forage. Givens 
(1962), Hoffpauir (1968), and Perkins (1968) reported 
that marsh burning increased biomasses of forage plants 
while maintaining a shrub-free, open marsh preferred by 
ducks and geese. In contrast, Flores and Bounds (2003) 
documented that controlled fire increased above-ground 
biomass of inland saltgrass and salt meadow cordgrass, 
2 grasses that are considered unimportant in waterfowl 
diets. We are aware of only 1 study (Gabrey et al. 1999) 
in which investigators measured waterfowl response to 
controlled burns in coastal marshes. The authors reported 
that flocks of white geese (e.g., Ross’s goose), used only 
recently-burned marshes as opposed to unburned areas, 
during a single December-February period on a 30,700-ha 
state wildlife refuge in coastal Louisiana.



Several species of endemic, tidal marsh sparrows, 
occurring from Maine to Texas, are among priority species 
in several coastal Bird Conservation Regions, and are 
on the National Audubon Society’s Watch List (National 
Audubon Society 2007). These include several discrete, 
recognized populations of seaside sparrows, Nelson’s 
sharp-tailed sparrow, and saltmarsh sharp-tailed sparrow. 
Primary threats to these tidal marsh specialists include 
marsh loss to development and sea level rise, marsh 
fragmentation, and wetland degradation, although some 
management techniques also may have negative impacts 
(Mitchell et al. 2006).



Authors have studied effects of prescribed fire on various 
subspecies of seaside sparrows. The Cape Sable seaside 
sparrow is an endangered, non-migratory, subspecies of 
seaside sparrow of sub-tropical marshes and seasonally 
flooded prairies of southern Florida, which are subjected to 
frequent wildfires and prescribed fires, with Werner (1975) 
suggesting a fairly frequent (4-5 year return interval) fire 
regime. However, others suggest longer intervals (8-
10 years, Taylor 1983; >10 years, Curnutt et al. 1998) 
or that the sparrow tolerates, but does not benefit from 
prescribed fire (La Puma et al. 2007). Gabrey et al. (1999) 
concluded that winter burns reduced suitability of winter 
habitat for the Louisiana seaside sparrow for a few months 
immediately following the burn; leading researchers to 
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Challenges



Knowledge of natural fire regimes in coastal mashes is 
unclear with respect to frequency, timing, and severity.  As 
a result, managers have limited information for developing 
prescriptions that emulate historical regimes.  As sea 
levels rise, marshes must rise through the accumulation of 
organic material to keep pace with rising water.  Whether 
or not prescribed fire inadvertently limits the accumulation 
of organic material and the marsh build-up is unknown, 
but should be the subject of future research.  Finally, many 
coastal marshes are imbedded in a landscape of mixed 
private and public ownership.  Coordinating application of 
fire in these landscapes requires extensive communication 
and collaboration.



 Much of our knowledge is observational, with only limited 
understanding of the underlying mechanisms.  Wildlife 
managers have observed that waterfowl are attracted to 
winter-burned coastal marshes, but mechanisms for this 
attraction remain unclear. Prescribed fires often promote 
growth of some waterfowl plant foods (Chabreck 1981, 
Pendleton and Stevenson 1983, Turner 1987, DeSzalay 
and Resh 1997, Stevenson et al. 2001), but not others 
(Flores and Bounds 2001, Gabrey and Afton 2001), and 
effects of burning on nutritional quality of marsh vegetation 
are ambiguous (McAtee et al. 1979, Schmalzer and Hinkle 
1993). Few studies have focused on how fire affects 
invertebrates, which provide food for waterfowl (Matta 
and Clouse 1972, Turner 1987). Most authors concur 
that controlled fires in coastal marshes should be used 
to create a mosaic during any given management year: 
maintaining recently burned areas, areas that have had a 
recovery period of several years, and unburned areas as 
refugia for marsh species (Legare et al. 2000, Gabrey et 
al. 2001, Almario et al. 2009, Kern et al. 2012). 



Gabrey et al. (2001) reported that winter burning did 
not affect breeding bird species richness or species 
composition in Gulf Coast marshes. They concluded that 
managed burns to enhance habitat for wintering waterfowl 
appear compatible with maintaining populations of certain 
other marsh birds, provided that large contiguous marsh 
areas are not burned in any single winter, and >2 years 
are allowed between burns.



On the Chesapeake Bay, Kern (2010) evaluated single- 
and multi-season occupancy of 4 relatively abundant 
marsh bird species in response to prescribed burning, 
using spot-map and call-back survey methodology. Least 
bittern occupancy was positively influenced by fire, and 
burning had no discernible effect on Coastal Plain swamp 
sparrow and Virginia rail occupancy. Kern (2010) noted 
that the natural fire frequency of their study area had been 
estimated to be 4-6 years, indicating that marsh birds may 
have adapted to occasional fire events and recommended 
patchy burning approximately once every 4 years. 



Legare et al. (1998) recorded direct mortality of black rails 
as a result of prescribed winter burns. In contrast, when 
patchy, incomplete prescribed burns were conducted 
during August, black rails and other bird species survived 
in unburned patches within burn units. Legare et al. (1998) 
recommend that controlled burns in coastal marshes be 
conducted to provide a well-interspersed patchwork of 
unburned areas.



Anecdotal evidence suggests that raptors use smoke 
and fire as a foraging cue, feeding opportunistically on 
prey affected or exposed by marsh burns (Stevenson 
and Meitzen 1946, Tewes 1984, Chavez-Ramirez and 
Prieto 1994). Raptors move out of burned areas rapidly 
post-fire, suggesting that enhanced foraging opportunities 
are likely short-lived (Tewes 1984). Chavez-Ramirez 
and Prieto (1994) concluded that winter burns did not 
affect numbers of wintering raptors using burned areas, 
but burns did affect species composition, with northern 
harriers decreasing and American kestrels increasing, 
post-burn. The authors speculated that northern harriers 
decreased post-burn because these raptors are surprise 
hunters and generally capture prey in dense grassland or 
shrubland vegetation. In contrast, American kestrels are 
more successful hunters in open vegetative conditions 
(Toland 1987).
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Fire frequencies range between 20 and 50 years in 
the montane forests, whereas forests at slightly higher 
elevations (lower subalpine) have longer intervals between 
50 and 100 years on south- and west-facing slopes and 
100 and 150 years on north- and east-facing slopes (White 
and Hart 2007). The longest fire-return intervals (>150 
years) occur in upper subalpine forests where climate and 
snowpack likely affect fuel moisture and ignition.



In addition to frequency, fire size, intensity, and severity 
also may be influenced by elevation. In valley bottoms, 
fires were often smaller and less intense and severe, 
compared to higher elevations; anthropogenic burning in 
the spring to create favorable habitats for game species 
may have contributed to these characteristics (Kay and 
White 1995). In the lower and upper subalpine, fires 
likely occurred only in those years when weather and 
fuel conditions would support large, stand-replacing fires 
(Hawkes 1979, Johnson and Larsen 1991).



Decades of fire suppression have led to large tracts of 
decadent forests composed of lodgepole pine at lower 
and mid-elevations and spruce and subalpine fir at upper 
elevations (Rhemtulla et al. 2002). As a consequence, 
recent wildfires have been very large, intense, and severe.  
In 2014 and 2015 alone, over 7,500 km2 of Canadian 
park land burned as the result of wildfire (Parks Canada, 
unpublished data). After an era of fire suppression, a new 
understanding of the interaction between fire as a natural 
disturbance and ecosystem function (vegetation and 
wildlife) was beginning to develop. By 1983, Parks Canada 
began experimental prescribed fires within Banff National 
Park, and by 1990 several national parks had begun 
prescribed fire programs to restore fire to the landscape. 
The key goal in the Canadian National Parks has been 
to restore 50% of the long-term fire cycle, which is an 
expression of mean frequency and size of fires over a land 
base through time (Van Wagner 1978, Johnson et al. 1995). 



Current Canadian National Park prescribed fire programs 
include complex, landscape-level burns and smaller burn 



Forests that cover most of the Canadian Rockies 
can be categorized into elevation- dependent 
forest types: 1) montane, which ranges from 



approximately 1,000 to 1,600 m in elevation and consists 
primarily of Douglas-fir, trembling aspen, white spruce, 
and lodgepole pine, 2) lower subalpine, which occurs from 
1,300 to 2,100 m in elevation and is dominated by dense 
stands of mature lodgepole pine transitioning to subalpine 
fir and Engelmann spruce, and 3) upper subalpine, which 
occurs just below the un-forested alpine between 1,600 
and 2,300 m in elevation and is dominated by Englemann 
spruce and subalpine fir (Holland and Coen 1983). In 
addition to forested areas, shrub and grassland meadows 
also are common at all elevations. A large amount (21,900 
km2) of these areas is managed as federal or provincial 
park lands. 



Historical and Current Use of Fire 



Fire regimes in montane and sub-alpine forests of the 
Canadian Rockies have been summarized by Van Wagner 
et al. (2006) but have also been the subject of numerous 
studies across the region (Hawkes 1979; Tande 1979; 
White 1985; Johnson 1987; Johnson and Fryer 1987; 
Masters 1990; Johnson and Larsen 1991; Rogeau and 
Gilbride 1994; Rogeau 1994a,b, 1996). Along the east 
slopes of the Canadian Rockies, lightning and lightning-
caused fires do not occur frequently (Wierzchowski et al. 
2002), yet evidence from studies of fire history show that 
fires occurred frequently in many montane and subalpine 
forests of the area prior to the 1880s, the start of the era 
of European settlement and railway construction (Tande 
1979, Hawkes 1979). Furthermore, most of these fires 
burned during periods of infrequent lightning and before 
the typical season for major summer thunderstorms (White 
et al. 2001). This incongruence between fire frequency 
and season of burning is an indication of anthropogenic 
burning by local First Nations peoples in the area to 
provide food for game species in valley bottoms (White 
1985, Kay et al. 1999). 



Subalpine and Montane Forests:  
The Canadian Rockies 
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quality habitats for much of the wildlife in the area. Moose 
might exhibit a short-term positive response to beetle 
infestation, but may decline in the long-term from intensive 
forest management following the outbreak (Ritchie 2008). 
Furthermore, decadent stands also contribute to large 
amounts of downed-woody debris that present barriers to 
movement for a variety of wildlife species.



Reintroduction of fire onto this landscape affects wildlife 
such as birds, grizzly bears, ungulates, small mammals, 
and predators in a variety of ways. Stand-replacing fires 
that cause extensive mortality of lodgepole pine result in a 
temporary increase in sun penetration and an increase in 
understory shrubs and forbs that are important to grizzly 
bears, such as sweetvetch and Canada buffaloberry 
(Hamer 1996, Pengelly and Hamer 2006). Moreover, 
prescribed fire increases forage abundance and suitability 
for elk (Sachro et al. 2005). However, in areas with 
high densities of elk and low predation rates by wolves, 
fire can have a negative influence on amount of aspen 
available for forage (White et al. 1998, 2003). Fire is 
also important to maintain rough fescue grasslands that 
are highly valuable to ungulates such as elk, mule deer, 
and bighorn sheep (Robinson et al. 2010). Over time, 
shrub encroachment and plant maturity reduce quantity 
and quality (nutritional content) of available grass for 
ungulates (Van Soest 1982, Benn et al. 1988, Hebblewhite 
et al. 2008). Prescribed fire applied to these meadows in 
periods of high soil moisture or during dormancy can be 
beneficial to wildlife as it removes heavy litter buildups that 
might be avoided by elk. However, fire suppression can 
cause high litter loads, shrubs, and coarse woody debris 
to accumulate, resulting in increased potential for high 
severity wildfires that lead to a decrease in dominance 
of rough fescue and to an increasing proportion of 
unpalatable grass species (Fleenor 2011). 



Prescribed fire has an indirect, positive effect on large 
carnivore populations due to the high quality ungulate 
habitat it creates. Both cougar and wolf abundance are 
strongly correlated with ungulate abundance (Paquet et al. 
1996, Riley and Malecki 2001). Furthermore, prescribed 
fires result in increased amounts of coarse woody debris 
important to forest carnivores such as fishers, martens, 
wolverines, and Canada lynx. Martens and Canada lynx 
in particular are associated with early post-fire conditions 
(Koeler and Aubry 1994). 



units to achieve a variety of ecological and management 
objectives. Although primary objectives of prescribed 
fires may be to improve habitats for specific species, 
the overall goal is always multi-faceted and ecosystem-
based. Furthermore, fire managers seek to create a 
mosaic of burn severities within a unit, rather than creating 
landscapes that have been burned uniformly. 



The most recent, large prescribed fires have had several 
common objectives:



•  Restoring open forest types such as Douglas-fir 
grasslands by removing in-growth by lodgepole pine and 
immature Douglas-fir;



•  Reducing shrub and tree encroachment in montane 
grassland meadows;



•  Restoring rough fescue ecosystems through high-
intensity, low-severity prescribed fire;



•  Enhancing habitats for grizzly bears, ungulates, and wolves;



•  Reducing stand size and extent of mature lodgepole 
pine forests susceptible to mountain pine beetle 
infestation.



Fire Effects on Wildlife 



Mammals. Ecosystems within montane and sub-alpine 
forests of the Canadian Rockies have been strongly 
impacted by human disturbance via fire exclusion, 
development (transportation corridors and settlement), 
predator control, and resource use. Cumulatively, these 
factors have contributed to temporal fluctuations in multiple 
ecosystem components. For example, exclusion of fire and 
increase in elk resulting from predator control in the 1950s 
and 1960s have led to a significant decrease in aspens and 
willows (White et al. 1998, Kay et al. 1999, Nietvelt 2001). 
Furthermore, exclusion of fire from many of these forests 
has led to a paucity of early successional, open forest 
conditions (aspen, grasslands, Douglas-fir) preferred by 
grizzly bears, ungulates, and wolves. Instead, large, dense 
tracts of overmature lodgepole pine exist that, combined 
with changes in regional climate, have recently been under 
increased pressure from forest insects and disease such as 
the mountain pine beetle (Safranyik et al. 1974, Safranyik 
and Wilson 2007, Ritchie 2008) and do not provide high-
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Challenges



Challenges associated with reintroducing fire into these 
landscapes largely are a function of the cumulative effects 
of misguided management practices that have led to 
imbalances among predators, herbivores, and surrounding 
vegetation. Furthermore, rate and extent of human 
development throughout these areas have necessitated 
significant cooperation with neighboring jurisdictions, 
public education, and safety mitigations. 



Multiple factors must be considered to develop an ignition 
prescription to meet a variety of ecological objectives. In 
addition to operational and technical constraints, human 
development can also complicate implementing prescribed 
fire. Large communities and major transportation corridors 
now exist in low-elevation valleys, requiring consideration 
of smoke, socio-economic (e.g., air quality/health, industry, 
tourism), and safety effects. Fire managers in these 
areas now spend years planning prescribed fires and 
building trust with stakeholders to ensure that adequate 
communication and education have been conducted prior 
to ignition. Tolerance for air quality impacts (i.e., smoke 
and ash) is finite, but public acceptance has increased 
with increased education on potential benefits of short-
lived prescribed fires compared to large, severe wildfires. 
McFarlane et al. (2007) showed that the public’s support 
of the prescribed fire program in Banff National Park 
increased significantly between 1994 and 2007. 



Another significant challenge associated with human 
development is mitigation of safety of communities and 
facilities adjacent to burn units. When communities 
occur downwind of large complex burn units, proactive 
fuel management must be completed ahead of ignition 
to ensure safety. As such, many large prescribed fires 
have been conducted following implementation of large, 
landscape-level fuel breaks. 



Despite the major challenges of implementing large, 
landscape-level prescribed fires, multiple agencies in the 
Canadian Rocky Mountains (Parks Canada, Government 
of Alberta, Alberta Parks, Government of British Columbia, 
BC Parks) have all made progress in developing 
prescribed fire programs, facilitating inter-agency 
collaboration on multiple occasions.



Mountain caribou have a complicated relationship with 
fire. Currently listed as endangered under the Canadian 
Species at Risk Act (2002), mountain caribou rely on 
a diet of arboreal hair lichens that are associated with 
old-growth forests (Seip and Cichowski 1996). Whereas 
this species is generally negatively affected by prescribed 
fire through decrease in suitable habitat (Shepherd et al. 
2007) and increased predator abundance in response to 
increased prey abundance, caribou may still benefit from 
strategic use of prescribed fire. Fire-excluded landscapes 
are particularly prone to widespread, stand-replacing fires. 
In this context, prescribed fire could be used to protect 
important areas from large-scale wildfires, and provide 
for habitat security during a period when most research 
shows a trend towards larger, more severe wildfires 
(Flannigan and Van Wagner 1991). This strategy has been 
used to protect watersheds in fire-prone areas through 
promotion of a mosaic of vegetation age classes that 
reduces fire severity and extent during a wildfire (Riggan 
et al. 1994, Conard and Weise 1998). Furthermore, 
Klein (1982) highlighted the need for fire in the long 
term to maintain lichens in old-growth forests. However, 
conservation of mountain caribou requires significant 
consideration of additional important factors such as 
human disturbance, motorized access, and habitat loss 
and fragmentation as the result of both human and natural 
events (Apps and McLellan 2006).



Birds. Hutto (1995) reported that 15 species of birds 
in the Rocky Mountains were associated with post-burn 
plant communities and more than 87 species were found 
in previously burned areas. Research on fire effects in 
Banff National Park revealed higher species abundance, 
richness, and heterogeneity in burned versus control 
sites associated with forest structure and life history 
characteristics (Chruszcz and Breniser 2003). They 
reported that birds requiring open spaces and snags 
were more abundant in burns than those requiring foliage 
for nesting or foraging. The olive-sided flycatcher, a 
threatened species under the Canadian Species at Risk 
Act (2002), has a strong association to recently burned 
areas and open forest types and would benefit from 
prescribed fires.
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nutrient cycling may be impaired, which may lower stand 
productivity and lead to site degradation. Jack pine 
savannas, on the other hand, may have been maintained 
by light, frequent burns (i.e., every 10-20 years) that 
maintained openness. In a study of a New York jack 
pine savanna, fire did not appear to adversely affect 
macronutrient cycling, even within 20 years after a burn 
(Stergas and Adams 1989). Dense, even-aged jack pine 
forests were probably maintained by intense, infrequent 
fires (i.e., every 40-50 years). 



After decades of fire suppression, land managers and 
ecologists of the 1960s realized that fires were a natural 
part of many ecosystems rather than a destructive force 
and that reintroducing fire into these systems could restore 
their structure, function, and processes, and improve wildlife 
habitats for some species (Johnson and Miyanishi 1995). 
Prescribed burning in jack pine ecosystems evolved from this 
shift in attitude. Although such a premise has merits, using 
prescribed burning as a restoration tool is only advisable to 
achieve specific goals (Johnson and Miyanishi 1995). 



Prescribed burning goals and measures of success should 
vary in a jack pine savanna ecosystem depending on forest 
age and structure and desired conditions. A successful burn 
for ecosystem restoration in jack pine might include a stand-
killing fire that initiates not only jack pine regeneration, but 
also important understory species. A savanna ecosystem 
from which fire has long been excluded might require an 
initial thinning of trees to savanna densities either with 
a hot burn or by harvesting. The fire prescription in this 
situation would include killing a certain percentage of 
trees and shrubs to shift composition of the understory 
toward a desired species mixture. A fire prescription for an 
intact savanna system might simply strive to maintain the 
understory species mixture and canopy openness. 



Fire Effects on Wildlife



Kirtland’s warbler, an iconic species with very restrictive 
habitat requirements, is most commonly associated 



A band of jack pine forests and savannas occurs 
across the north-central states of the United 
States extending north into the boreal forests 



across Canada. Jack pines possess a number of fire-
dependent characteristics to prevent succession to 
another vegetation type. Jack pines have serotinous 
cones, which require interaction of the heat of fire with the 
cones’ thermal conductivity to open and disperse seeds 
(McRae 1979, Johnson and Gutsell 1993). Once seeds 
are dispersed, jack pines require bare mineral soil or an 
extremely thin duff layer to germinate successfully and 
become established (McRae 1979, Thomas and Wein 
1985). Chrosciewicz (1974) demonstrated a negative 
exponential relationship between post-burn duff layer 
depth and jack pine seedling germination and growth, 
with thin residual duff (0.5 cm deep) providing the best 
combination for the 2 response variables. 



Within jack pine forests and savannas, other structural 
and compositional components also rely on fire. Many 
shrubs and forbs are reduced after fire, whereas other 
species may increase dramatically (e.g., sedges, sweet 
ferns; Ahlgren 1970). Immediately following a post-harvest 
burn, transitory seed-producing species invade, including 
geranium, willow-herb, and knotweed, all of which decline 
in abundance 3-5 years later (Ahlgren 1970). 



Historical and Current Use of Fire



Fire has always been a disturbance factor in jack pine 
barrens. Historically, these barrens were maintained by 
naturally-occurring wildfires. Jack pines held little value for 
the early lumbermen who came in search of white pines. 
Once logging activity ended in the 1880s, continuing forest 
fires helped increase the range of jack pines (Michigan 
Department of Natural Resources and Environment 2011).



Jack pine forests and savannas probably were maintained 
naturally by very different fire regimes. Some evidence 
suggests that if a stand-replacing fire occurs in the early 
stages of jack pine forest development (<20 years old), 



Jack Pine
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fire as an ineffective and sometimes destructive tool 
(Simard et al. 1983). Fire, in general, is often perceived 
by many publics as something to be controlled rather than 
promoted. Furthermore, other methods (e.g., chemical, 
mechanical, and silvicultural) are garnering wide support 
as alternative ways to manage jack pine forests (Buckman 
1964). Other challenges include urbanization, escaped 
fires, and smoke management. 



with fire management and jack pines. Kirtland’s warbler 
prefers young jack pine stands >30 ha in size and 
depends on young jack pines after fire removes older 
trees and rejuvenates growth. Jack pine forests provide 
the primary nesting habitat for Kirtland’s warbler. Stands 
that are most suitable for breeding are characterized by 
dense clumps of trees interspersed with numerous small, 
grassy openings, sedges, ferns, and low shrubs (Michigan 
Department of Natural Resources and Environment 
2011). Nests generally are concealed in mixed vegetation 
of grasses and shrubs below the living branches of 5- to 
20-year-old jack pines. 



With modern fire protection and suppression limiting 
wildfire, regeneration of jack pines has suffered. 
Consequently, nesting habitat for Kirtland’s warbler 
declined and populations plummeted (Probst 1986). To 
provide appropriate habitat for Kirtland’s warbler, the 
U.S. Forest Service and Michigan Department of Natural 
Resources created 4 areas within state and national 
forests to be managed specifically for Kirtland’s warbler 
nesting habitat between 1957 and 1962. By 1973, these 
areas contained 53% of the nesting population. However, 
additional areas of jack pines were necessary to increase 
the warbler population. During the mid-1970s, 54,000 ha 
of jack pines were designated for management as nesting 
habitat for Kirtland’s warbler within 24 management 
areas of state and national forests. Additional lands were 
added through the 1990s to bring the total public land 
specifically managed for the Kirtland’s warbler to more 
than 60,000 ha (Kepler et al. 1996). Results from annual 
singing bird surveys documented  2,365 males in 2015, 
well above the low of 167 males recorded in 1974 (www.
fws.gov/MIDWEST/endangered/birds/Kirtland/Kwpop.html; 
accessed: 8 February 2016). 



Challenges 



The limited number of days when weather is appropriate 
to burn safely has hindered and continues to hinder rapid 
expansion of prescribed burning in jack pine (Buckman 
1961). For example, weather appropriate for prescribed 
burning rarely lasts more than 1 day during spring in 
lower Michigan (Simard et al. 1983). In addition to this 
physical limitation are social concerns. The stigma of the 
Mack Lake fire in Michigan continues to cast prescribed 
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5-10 years (Vermiere 2002), and returns to pre-burning 
conditions within 4 years. Low sagebrush rarely burns 
because of low productivity of these sites (Bureau of Land 
Management 2002). In sagebrush ecosystems such as 
sand sagebrush, relatively frequent fire events maintained 
a mosaic of grass, forbs, and shrubs that provided for a 
diversity of species adapted to this dynamic landscape 
pattern (Winter et al. 2012). At higher elevations and 
moister sites, including many mountain big sagebrush and 
sand sagebrush areas, fire kept species such as junipers 
from invading a site and becoming the dominant species 
(Miller et al. 2005, Bates and Svejcar 2009). On drier 
sites, fire could be a significant disturbance to sagebrush 
communities, with successional trajectories following fire 
in some areas being up to 100 years or more (Baker 2006, 
2011). Miller and Heyerdahl (2008) examined estimated 
historical fire regimes within a 4000-ha area of California 
dominated by sagebrush and juniper and observed a wide 
range of return intervals within this relatively small area 
influenced by soils, topography, and other features. 



Sagebrush ecosystems have experienced dramatic 
changes in the role of fire from historical conditions. 
Mountain big sagebrush and sand sagebrush ecosystems 
have been invaded by various species of juniper, 
substantially altering these ecosystems. Another major 
change involves invasion by cheatgrass, an annual 
exotic grass that has expanded across much of the drier 
sagebrush ecosystems, dramatically increasing fine fuels. 
When these areas burn, they subsequently are dominated 
by cheatgrass and are susceptible to a new regime of 
frequent fire that precludes sagebrush (Chambers et al. 
2007, Epanchin-Niell et al. 2009, Condon et al. 2011, 
Davies et al. 2011), causing a loss of functional sagebrush 
ecosystems. Sagebrush has expanded into some areas 
that were previously maintained as grasslands by frequent 
fire (Perryman and Laycock 2000). Sagebrush ecosystems 
have been influenced by other factors including grazing 
by livestock and human development that have interacted 



The sagebrush biome occurs across approximately 
480,000 km2 of western North America, including 
areas in 14 states and 3 Canadian provinces 



(U.S. Geological Survey 2005). This biome often is split 
between the sagebrush steppe in the northern part of 
the biome and the Great Basin sagebrush area in the 
southern part of the biome (Bureau of Land Management 
2002). The sagebrush steppe is cooler and moister than 
the Great Basin, with sagebrush communities consisting 
of sagebrush mixed with grasses and forbs. In the Great 
Basin, amount of grasses and forbs is substantially 
reduced. The sagebrush biome contains a diverse array of 
ecosystems dominated by several sagebrush species in 
late-seral conditions. McArthur (1999) and McArthur and 
Sanderson (1999) identified 11 species and 14 subspecies 
of sagebrush. 



Fire played a varying historical role as a disturbance agent 
in these ecosystems, from being largely absent in some 
of the drier locations to being an important disturbance 
component in moister locations. Most of the current 
focus on sagebrush management centers around various 
subspecies of big sagebrush, because this species is 
the most widespread and supports species of current 
management concern, including sage-grouse. 



Historical and Current Use of Fire



Historical fire regimes in sagebrush ecosystems varied 
considerably (Keane et al. 2008). Generally, fire intervals 
were long in sites with low productivity, as characterizes 
most of the Great Basin sagebrush, and increased in 
frequency with increased precipitation levels and overall 
site productivity. Miller and Rose (1999) reported mean 
fire-return intervals of 12-15 years for mountain big 
sagebrush and 60-110 years for Wyoming big sagebrush. 
Perryman and Laycock (2000) reported a mean fire-return 
interval of 7-11 years in Wyoming big sagebrush in the 
eastern extent of its range in the Rochelle Hills of eastern 
Wyoming. Sand sagebrush burns as frequently as every 
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(2011) observed that late successional juniper, which had 
invaded sagebrush communities in Idaho, would not burn 
effectively because of the lack of understory. They applied 
a cut-and-burn prescription, where areas with dense 
junipers were partially cut and then burned, and found 
this to be an effective treatment to control junipers and 
reestablish native perennial grasses. They cautioned that 
non-native annual grasses could invade these sites under 
certain conditions.



Fire played a varying historical role in Wyoming big 
sagebrush, from being relatively rare with very long 
return intervals in some locations (Baker 2011), to being 
more frequent and maintaining a predominant grassland 
condition in other areas (Perryman and Laycock 2000). 
The role of fire in this subspecies of big sagebrush that 
grows under drier conditions has been greatly exacerbated 
by the invasion of cheatgrass. This has increased the 
current fire-return interval in invaded areas (Condon et 
al. 2011, Davies et al. 2011) and can convert a site from 
sagebrush to cheatgrass (Chambers et al. 2007). Lesica 
et al. (2007) evaluated sagebrush recovery following fires 
in southwestern Montana. They observed that mountain 
big sagebrush canopy cover and heights returned to 
conditions of unburned sites approximately 32 years 
after a burn. In Wyoming big sagebrush, they estimated 
this return would be greater than 30 years, but were 
not confident in projecting return times because several 
burned Wyoming big sagebrush sites had no sagebrush 
present even 17 years post-burn. Lesica et al. (2007) 
suggested that sagebrush will recover on most sagebrush 
sites in Montana, but will require many years to fully 
recover from a fire. Baker (2011) estimated that Wyoming 
big sagebrush may require 25-100 years to recover from 
a fire. Dangi et al. (2010) reported that sagebrush on a 
39-year-old mountain big sagebrush site had returned 
to pre-burn densities of sagebrush. They also reported 
that soil microbial communities had returned to pre-burn 
conditions 7 years post-burn.



Fire Effects on Wildlife



Various wildlife species associated with sagebrush have 
been impacted by changes in sagebrush ecosystems 
resulting from altered fire regimes. Sagebrush-associated 
species including greater sage-grouse, pronghorns, pygmy 



with fire to cause dramatic changes throughout much 
of the sagebrush biome (Davies et al. 2011), with 
concomitant effects on wildlife habitats. 



The range of historical fire regimes among various 
ecosystems within the sagebrush biome produces a 
corresponding range in recommendations for using 
prescribed fire. For sand sagebrush ecosystems, 
prescribed fire is highly recommended as a tool to restore 
and rejuvenate these fire-dependent plant communities 
(Elmore et al. 2009, Winter et al. 2012). Patch-burning 
(pyric herbivory) is a method of prescribed burning linked 
with grazing that produces desirable responses by plant 
communities and improves habitat for lesser prairie-
chickens (Elmore et al. 2009, Winter et al. 2012). Pyric 
herbivory in sand sagebrush also can increase overall 
habitat heterogeneity and abundance and diversity of 
macroinvertebrates (Doxon et al. 2011). 



Lack of fire may allow invasion of juniper into sagebrush 
communities, especially mountain big sagebrush 
(Burkhardt and Tinsdale 1976, Miller and Rose 1999). 
Miller and Rose (1999) reported that lack of fire associated 
with intense grazing allowed for expansion of juniper 
in their Oregon study area. Maintaining the role of fire 
in these sagebrush areas is important to reverse these 
trends (Davies et al. 2011). Concerns exist about extent 
and timing of fires in mountain big sagebrush because an 
estimated fire-return interval of 35 years for southwestern 
Montana would result in a predominance of early- to 
mid-seral sagebrush in this area (Lesica et al. 2007). 
Davies et al. (2011) concluded that prescribed fire was 
more cost-effective than mechanical treatments to control 
conifer encroachment, because it could be applied across 
large landscapes and could control tree seedlings that 
would be missed with mechanical treatments. They also 
noted that residual woody debris produced by mechanical 
treatments of conifers would provide fuels that could also 
result in an accumulation of dry fuels that would pose a 
significant wildfire risk (see also Miller et al. 2005, Bates 
and Svejcar 2009). Landscape-scale treatments could 
conflict with other ecosystem services (Davies et al. 2011). 
Treating parts of the landscape on a rotational basis over 
decades could limit conifer encroachment and provide 
habitat for sagebrush-obligate species. Prescribed fire 
alone may not be effective in some situations. Bates et al. 
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Pyle and Crawford (1996) reported that prescribed fire in 
Oregon increased total forb cover and diversity, suggesting 
an improvement in brood-rearing habitat. Fischer et al. 
(1996) found that forb cover was comparable in burned 
and unburned areas of Wyoming big sagebrush in Idaho 
and concluded that fire did not enhance brood-rearing 
and nesting habitat in mountain big sagebrush stands. 
Effects on brood-rearing habitat may be negative and 
prolonged (Nelle et al. 2000) to the point that sage-grouse 
avoid using an area post-fire (Byrne 2002). Drought might 
exacerbate negative effects of fire, because Connelly et al. 
(2000b) documented a large decline of the sage-grouse 
breeding population following prescribed fire. In contrast, 
Slater (2003) observed sage-grouse using areas with both 
prescribed and wildfires, but use was related to age of the 
burn and presence of alternative shrub species.  Lockyer 
et al. (2015) modeled habitat use following fire and found 
that sagebrush cover was consistently the best predictor 
of nest survival in northwestern Nevada.  Pedersen et al. 
(2003) modelled effects of fire and concluded that small 
fires may benefit sage-grouse, but large fires (>10% of the 
spring-use area) occurring at high frequencies (17 years 
between fires) could result in their extirpation. 



Ungulates. Fire is important to pronghorn because it 
creates the desired density of grasses and forbs and 
improves quality of forbs for foraging (Yoakum 2004). 
Fire can also maintain shrub cover at desirable densities 
and heights for pronghorn. Van Dyke and Darragh (2007) 
reported that elk increased use of a sagebrush burn for 2 
years post-burn, but then returned to similar levels of use 
as unburned areas. Heterogeneity of grasses and forbs 
persisted for 10 years post-burn, but sagebrush did not 
substantially return within the 10 years of the study (Van 
Dyke and Darragh 2007). 



Other vertebrates. Pygmy rabbits are an obligate 
species in sagebrush ecosystems. Changes to historical 
fire regimes allow expansion of pygmy rabbits into new 
areas where livestock grazing and fire suppression have 
resulted in expansion of sagebrush communities and 
cause a loss of habitat in other areas where juniper invade 
due to lack of fire (Larrucea and Brussard 2008). McGee 
(1982) reported fewer species of small mammals following 
a sagebrush burn, but that richness returned to those 
of unburned control plots 3 years after fire. Humple and 



rabbits, and lesser prairie-chickens have been impacted 
negatively by juniper invasion of areas historically 
dominated by sagebrush (Elmore et al. 2009, Rowland et 
al. 2011).



Galliformes. Over much of their range, lesser prairie-
chickens persisted within sand sagebrush communities 
with a frequent-fire regime. Fire acted to keep sand 
sagebrush at appropriate densities and stimulated growth 
of grasses and forbs. Lesser prairie-chickens have used 
recent burns as leks and for brood-rearing (Elmore et al. 
2009), but require sites >3 years post-burn for optimum 
nesting habitat. A mosaic of recent to older burns within 
a home range provides optimal juxtaposition of habitat 
needed for leks, nesting, and brood-rearing. 



Greater sage-grouse occur in several sagebrush 
ecosystems but are primarily tied to big sagebrush plant 
communities (Connelly et al. 2000a). Fire has influenced 
sage-grouse habitat historically by maintaining some 
big sagebrush communities (especially mountain big 
sagebrush) and reducing presence of other big sagebrush 
communities (especially Wyoming big sagebrush). 
Prescribed fire does not improve sage-grouse habitat, 
at least not within a 10-20-year timeframe, the longest 
timeframe in which most studies have investigated 
direct responses to fire. Beck et al. (2009) observed that 
sagebrush cover following prescribed burns in Wyoming 
big sagebrush had not returned to high enough levels to 
provide good sage-grouse habitat for 14 years after the 
burn, even though other desirable habitat features had 
responded to the fire. Rhodes et al. (2010) investigated 
sage-grouse habitat features 6 years following a burn in 
Wyoming big sagebrush and reported a 50% decrease 
in tall grasses and shrubs needed by sage-grouse, a 
decrease in ant populations, and no increase in forbs 
considered desirable to sage-grouse. Hess and Beck 
(2012) similarly reported that Wyoming big sagebrush 
did not return to desired conditions for sage-grouse even 
after 19 years in their study area, and Davis and Crawford 
(2014) reported that mountain big sagebrush did not meet 
conditions for sage-grouse 10-11 years post burn.. They 
did find a positive response by grasses, but suggested that 
other management tools, such as adjustments to grazing 
regimes, were preferable to prescribed fire for improving 
sage-grouse habitat in Wyoming big sagebrush. 
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Holmes (2006) reported that densities of loggerhead shrikes 
dropped by one-half following a fire that reduced sagebrush 
cover by more than 50%. Nest success also was lower after 
fire, which they attributed to reduction in cover and patchy 
distribution of sagebrush. 



Challenges



The studies reported here display the range of responses 
exhibited by different sagebrush ecosystems to prescribed 
fire. Prescribed fire is an important tool in sand sagebrush 
communities, and appears to offer significant benefits in 
some mountain big sagebrush communities. Managers 



applying prescribed fire in these sagebrush communities 
should consider its spatial arrangement and extent, because 
mosaic patterns can create a juxtaposition of conditions to 
benefit various wildlife species that depend on sagebrush. 
In Wyoming big sagebrush communities, reduced habitat 
quality for sage-grouse and other sagebrush-associated 
wildlife species for long periods after fire, coupled with 
increased opportunities for invasion by cheatgrass, have led 
to numerous recommendations against use of prescribed fire 
in these ecosystems. Fire never was a major disturbance in 
more arid sagebrush ecosystems, so prescribed fire is not a 
recommended management tool in these areas.



Prescribed burn in a sagebrush/grassland vegetation mix in Thunder Basin, Wyoming.
Credit: Ecosystem Management Research Institute.
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influenced by mixed-severity fire regimes in the Pacific 
Northwest occurred in the transition zones between drier 
and warmer forest types. Warmer forest types typically 
experienced a frequent (<25-year) fire-return interval and 
fires were predominantly of low severity. In contrast, cool 
and moist forests rarely burned (>100-year fire-return 
interval) but when they did, fires were primarily high 
severity and stand replacing events. Thus, mixed-severity 
fires typically occurred in areas where fire-return intervals 
varied between 25 and 100 years, although Barrett (2004) 
noted that some mixed-severity fires occurred at longer 
fire-return intervals in more patchy, high-elevation, cold 
forest types. Mixed-severity fire regimes were discussed 
as one type of fire regime with considerable variation in its 
expression by Hardy et al. (1998) and Agee (2004). Mehl et 
al. (2010) discussed 2 classes of mixed-severity fire regime 
(25-50-year and 50-100-year fire-return intervals). Gray 
(2004) also identified 2 types of mixed-severity fire regimes 
(0to 35-year and 35to 100-year fire-return intervals). The 
primary difference between these types of mixed-severity 
fire regimes was the spatial heterogeneity produced by 
the burns. Mehl et al. (2010) discussed how restoration 
for mixed-severity fire conditions needed to consider the 
various types of forest compositions and structures and 
their spatial arrangement. They used a scale of 20 ha and 
described mixed-severity fire regime A as having a fire-
return interval of 25-50 years, resulting in predominantly 
low severity fire effects with between 10 and 50% of a 
20-ha stand displaying higher severity fire effects (>50% 
of overstory mortality). Mixed-severity fire regime B (fire-
return interval of 50-100 years) would have >50% of a 
20-ha stand subjected to the higher severity fire effects 
with a proportionally smaller percentage of low-severity fire 
effects. Similarly, Hessburg et al. (2004) reported on the 
need to examine areas as patches rather than points. They 
reported that using a patch analysis resulted in classifying 
3 landscapes in eastern Washington and Oregon as being 
dominated (approximately 60%) by the mixed-severity fire 
regime with much lower levels of low- or high-severity fire 



Historical fire regimes exhibited tremendous 
variation in forest types found in the northwest 
regions of North America. Good descriptions 



of these fire regimes can be found in Agee (1993) and 
Hessburg et al. (2016), and coarse-scale mapping  
of historical fire regimes is presented in Landfire  
(www.landfire.gov, accessed 31 August 2015). Coastal 
rainforests from Alaska to Oregon did not experience fire 
because of rain, fog, and lush vegetation of these areas. 
Further inland, fires transitioned to infrequent, high-
severity fire events in cool moist and wet forest types and 
to frequent, understory fires that occurred in warmer and 
dryer forest types. Other areas experienced intermediate, 
mixed-severity fire regimes that produced complex 
spatial and structural vegetation characteristics (Arno et 
al. 1991, Agee 2004, Taylor 2004, Hessburg et al. 2004, 
2016). Grass and shrub communities had varying fire 
regimes, ranging from frequent fire events in some areas 
to protected sites that allowed junipers and other shrubs to 
predominate. Prescribed fire is being used in drier forests 
of the Northwest to return low-severity fire conditions to 
appropriate forest types. Use of prescribed fire in these 
forest types has many similarities to that described for 
ponderosa pine ecosystems (see below and later in this 
Technical Review). Here, we provide a description of 
fire histories and prescribed fire for mixed-severity fire 
regimes in forest ecosystems of the northwestern United 
States. We also describe the role of fire in sagebrush 
ecosystems, while pointing out that much of the sagebrush 
biome occurs in other parts of the United States (also see 
sagebrush section in this Technical Review).



Historical and Current Use of Fire



Many northwestern coniferous forests are found along 
2 gradients: dry to wet and cold to warm.  These often 
vary by elevation and aspect, and influence fire extent 
and behavior depending on where a forest type is found 
along the gradients.  Forests that historically were 



Northwestern Forests with  
Mixed-severity Fire Regimes 
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in this complex fire regime, few studies have quantified 
current conditions or evaluated cumulative effects to 
mixed-severity fire regimes. More typically, mixed-severity 
fire regimes are included with low-severity fire regimes, 
and a relatively uniform prescription for thinning of 
understory trees and reducing overstory canopy has been 
suggested. However, as indicated above, mixed-severity 
fire regimes are important for landscape heterogeneity and 
habitats they provide for many wildlife species.



Fire Effects on Wildlife



Effects of mixed-severity fire regimes on wildlife have been 
little studied. Lehmkuhl (2004) examined wildlife species 
expected to occur in the mixed-conifer forests of Oregon 
and Washington, a forest type associated with mixed-
severity fire regimes. When he compared these species to 
those associated with forest types at low elevations (low-
severity fire regimes) and higher elevations (high-severity 
fire regime), he found the mixed-conifer forests supported 
wildlife species associated with both forest types (and fire 
regimes). He also noted that downed woody debris and 
snags in mixed-severity fire conditions would be beneficial 
to many wildlife species.



Vegetation heterogeneity produced by mixed-severity 
fire regimes is favored by some wildlife species. One 
example is the Canada lynx that uses stands of dense 
large trees with blowdowns and other sources of large 
woody debris as denning sites, with surrounding forests 
of heterogeneous conditions supporting snowshoe hares 
and other prey species. Northern flying squirrels also may 
use varying stand conditions produced in mixed-severity 
fire regime forests (Lehmkuhl 2004). Finally, northern 
goshawks prefer nesting in stands of dense large trees 
with fairly open understories, but with a variety of other 
forest conditions of varying density where they can forage 
on various prey species (Reynolds et al. 2008). However, 
no studies have specifically examined the relationship 
between requirements of these species and habitats 
occurring within mixed-severity fire regime forests.



Challenges



Restoration of mixed-severity fire regime forests has 
only recently been a management focus. Graham and 



regimes. Larson et al. (2009) examined fire histories in 
3 whitebark pine communities in western Montana and 
reported that the mixed-severity fire regime predominated, 
although substantial differences in fire-return intervals and 
conditions were present among the 3 sites.



The complexity and variability of mixed-severity fire 
regimes have made their description and restoration 
difficult. Specific efforts to understand and address this 
need have developed only in the last 10-20 years. This 
is an important need, however, given concerns about 
maintaining conditions that represent this fire regime in 
appropriate landscapes. 



A primary focus on using prescribed fire in the northern 
Rocky Mountains is to assist with thinning of forests to 
reduce fuel loadings and restore low-severity fire regimes 
in ponderosa pine and other low elevation forests. The 
description of southwestern ponderosa pine forests later 
in this Technical Review and the role of prescribed fire in 
these forests is a good example of this type of restoration. 
For warm and dry forest types at lower elevations of 
the northwestern United States, this is an appropriate 
approach and is an important application of prescribed fire. 
In these forests, prescribed fire can be used to maintain 
desired forest conditions, particularly once the buildup of 
fuels that has occurred over the past 50-100 years has 
been reduced to levels that will allow large trees to survive 
a fire. In other forest types, such as cooler and moister 
forest types of the northern Rocky Mountains, historical 
fire patterns were more complex, combining elements of 
low-severity fire regimes with high-severity fire regimes 
in a spatially heterogeneous arrangement (Arno et al. 
1991, 2000; Agee 2004). As Agee (2004) described, 
these forests contained areas where fire could act as an 
understory disturbance, thinning out smaller and more fire 
sensitive trees, areas where fire would be high intensity 
and would kill all trees, and areas in between these 2 
conditions, with varying levels of mortality to overstory 
trees. These varying conditions could occur in an array 
of patch sizes, producing a spatial heterogeneity that is a 
characteristic of the mixed-severity fire regime forests.



Because mixed-severity fire regimes are a relatively new 
focus for researchers and managers, coupled with the 
difficulty of quantifying changes from historical conditions 
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Most current uses of prescribed burning in mixed-severity 
forest areas occur in the early spring, before substantial 
green-up of vegetation, or after fall rains have reduced 
fire danger. These relatively low-severity fires can provide 
helpful reductions in understory fuels and some thinning 
and mortality of smaller trees, but do not produce the 
heterogeneity of conditions produced by true mixed-
severity fires. Developing forest conditions that will allow 
mixed-severity fires to again be used in landscapes will be 
a challenge. 



A third challenge is the need for large trees to be present 
to produce the desired mix of forest compositions and 
structures. Because of past logging activities and recent 
high-severity fires, large trees are under-represented in 
many if not most historical mixed-severity fire locations 
(Perry et al. 2011). Planning for long-term restoration could 
provide for growth of large trees in appropriate locations, 
but that could require 100+ years to reach acceptable 
conditions. A current focus is to concentrate on maintaining 
large trees and their functions in locations where they 
still occur. Management actions include protecting these 
trees from logging and from high-severity fire events. In 
mixed-severity fire areas where large larches, ponderosa 
pines, and Douglas-firs are present, typical management 
includes mechanical or hand thinning of smaller trees and 
understory vegetation so that prescribed burning can be 
used to maintain desired stand conditions. 



Because of the small number of stands containing large 
trees in mixed-severity fire areas, remaining stands with 
large trees often dictate priority areas for restoration and 
mixed-severity fire conditions that can be restored. Where 
substantial areas of large trees remain, mixed-severity fire 
conditions that represent the drier end of this fire regime 
with more low-severity fire conditions may be restored. 
Where only small patches of large trees remain, conditions 
favorable for moderate- and high-severity fire might be 
restored; however, managers would need to assess 
whether the lack of large trees was the result of having 
higher-severity fires in that location historically or the result 
of logging or other anthropogenic changes. Optimally, 
prescribed burning can be used in conjunction with other 
stand treatments that can reduce fuel loadings in areas 
supporting large trees to maintain these trees, and then 
producing varying conditions around the large tree areas. 



Jain (2004) discussed silvicultural tools that might be 
useful in such restoration. Prescribed fire was included 
as an important tool for restoration of mixed-severity 
fire regimes, but this presents several challenges. First, 
prescribed burning is seldom conducted during dry 
conditions that can produce high-severity fires. Difficulties 
in controlling fire under these conditions and possible 
consequences of losing control of a prescribed burn 
make managers apprehensive, even within a mixed-
severity application. Current efforts such as those 
emphasized by the Collaborative Forest Landscape 
Restoration Program of the U.S. Forest Service 
emphasize addressing landscape-level fire management. 
As more landscapes are managed at these larger scales 
and better fire management capabilities are designed into 
landscape prescriptions, use of prescribed fire to more 
closely resemble historical mixed-severity patterns may 
be feasible.



A second challenge, related to the first, is seasonal 
application of prescribed fire. Feller (2004) reported on 
influence of season of fire on plant species; spring burns 
resulted in different responses than summer burns. In the 
Kamloops Forest Region of Canada, 48% of the lightning 
caused fires from 1919 to 1960 occurred in July and 
51% occurred in August (Feller 2004). Historically, some 
burning by Native Americans may have occurred in the fall 
or spring, but summer was the primary burning season. 
White et al. (2004) reported that historical fires occurred 
primarily in the summer in Banff National Park in Alberta. 
The Park has used prescribed burning, but not during the 
prime fire season, resulting in a much lower kill of trees 
than predicted from models of historical fire intensity or 
severity. Today, using prescribed fire during this period is 
limited by difficulty of its control. Taylor (2004) discussed 
the need to factor in topography and other landscape 
features to design restoration efforts that produce the 
mosaic of conditions desired for mixed-severity fire 
regime forests. Similarly, Wimberly and Kennedy (2007) 
modeled mixed-severity fire regimes for the interior Pacific 
Northwest and reported that closed canopy patches 
were rare in landscapes with a fire-return interval of 50 
years or less, but emphasized importance of interactions 
among fire spread, landscape vegetation patterns, and the 
underlying physical landscape features.
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Taylor (2004) and Hessburg et al. (2004) recommended 
using topographic-edaphic variables in determining desired 
fire severity conditions for an area. Potential vegetation 
type classifications can indicate probability of low-, high-, or 
mixed-severity fires occurring, but considerable overlap and 
variation can occur in response to the topographic-edaphic 
site conditions. Gray (2004) identified landscape features 
that could help design where to place different types of 
mixed-severity fire conditions within a landscape.



A final challenge in using prescribed burning for restoration 
of mixed-severity fire regimes is integration with other 



resource management objectives. Haufler and Rieman 
(2011) identified challenges of restoring terrestrial forest 
ecosystems while also addressing fuel management 
concerns in the wildland-urban interface. They also 
addressed aquatic restoration concerns that may 
emphasize minimizing any additional disturbances within 
key watersheds. New levels of landscape planning will 
be required to sort through these potential conflicts and 
identify appropriate areas for reinstating the role of fire, 
particularly for mixed-severity fire regimes.



Prescribed burn of predominantly poderosa pine along with some Gambel oak on Flagstaff Ranger District, Coconino National 
Forest in Arizona.    
Credit: Shaula Hedwall, U.S. Fish and Wildlife Service
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Southwestern Ponderosa Pine Forests



Ponderosa pine is a primary forest type in western 
North America (Daubenmire 1978). It can occur 
in monotypic stands or mixed with xerophytic 



vegetation at lower elevations and mesophytic species 
at higher elevations. Lower montane-zone pine forests 
(2,150-2,600 m) are often mixed with Gambel or Arizona 
white oaks and grade into pinyon-juniper woodland and 
grassland, whereas forests at higher elevations (2,400-
3,000 m) grade into mixed-conifer forest comprised of 
ponderosa pines, Douglas-fir, white fir, southwestern white 
pine, and other conifer and hardwood species (Moir et al. 
1997). The largest contiguous belt of ponderosa pine in 
North America occurs along the Mogollon Rim extending 
from central Arizona to western New Mexico. 



Historical and Current Use of Fire



Fire is perhaps the most important natural disturbance 
in southwestern ponderosa pine forests, and frequent, 
low-intensity fires were part of their evolutionary history 
(Pyne 1996, Moir et al. 1997). These fires burned every 
2-12 years, maintaining an open park-like structure with a 
variable and patchy tree distribution (Cooper 1961, White 
1985). Fires were lightning-ignited and occurred in late 
spring to early summer prior to onset of monsoon season 
(Moir et al. 1997). Trees often occurred in even- and 
uneven-aged groups or clumps, separated by open, grassy 
interspaces (Cooper 1961, Covington and Moore 1994). 
Large, mature pines tended to dominate tree distributions 
(Biswell et al. 1973). Fires largely remained on the surface, 
carried by the grassy understory, and served to maintain 
forest structure and open interspaces. Mesophytic pine 
forests had a more mixed-severity fire regime, but were 
still dominated by low-intensity surface fires. Crown fires 
occurred, but were rare (Iniguez et al. 2009).



Management of pine forests in the Southwest following 
European settlement changed the structure of these 
forests dramatically. Large trees were harvested 
selectively, fires were suppressed, and livestock (cattle 
and sheep) grazing removed much of the fine fuel that 



carried surface fires. A combination of these factors 
and widespread tree reproduction in 1919 drastically 
changed the structure of pine forests (Covington and 
Moore 1994, Allen et al. 2002). What once had been a 
heterogeneous landscape consisting of groups of trees 
separated by grassy openings became a homogenous 
forest of dense, small-diameter trees that filled 
interspaces (Biswell et al. 1973). 



These changes in forest structure led to a concomitant 
change in fire regime. Fire suppression agencies 
continued to extinguish most, but not all fires. Fires that 
were not controlled during initial suppression attempts 
often became large, stand-replacement wildfires. 
Resource managers have recognized the need to address 
this situation by reducing fuel loads and disrupting fuel 
continuity across the landscape via mechanical tree 
removal (i.e., thinning and logging), prescribed fire, or a 
combination thereof (Strahan et al. 2015).  Mechanical 
removal is required because tree densities in many areas 
are too great to use prescribed fire safely. Prescribed fire 
is applied using both planned and unplanned ignitions. 
Planned ignitions occur often in early spring or fall, outside 
the natural burn season, when moister conditions allow 
for greater control. Unplanned ignitions can occur during 
any part of the year and are allowed to burn only if the fire 
burns within prescription. 



Fire Effects on Wildlife



Wildfire. Several studies have evaluated wildfire effects 
on wildlife in southwestern ponderosa pine forests (Lowe 
et al. 1978, Overturf 1979, Blake 1982, Dwyer and 
Block 2000, Kyle and Block 2000, Bock and Block 2005, 
Converse et al. 2006b). Some general trends emerging 
from these studies were increases in populations of 
ground-foraging and wood-boring bird species following 
fire (Lowe et al. 1978, Overturf 1979), and decreases in 
populations of foliage-gleaning species. Blake (1982) 
studied response of non-breeding birds to fire and 
noted positive responses by ground-foraging and aerial 
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insectivores, but negative responses by foliage-gleaning 
species. Population responses by species corresponded 
to changes in vegetation and remaining vegetation 
structure. Wildfire often kills trees, replacing them with 
snags that provide both foraging and nesting substrates 
for species that use dead wood. Wood-boring avian 
species often have short-term responses, corresponding 
to an increase in insect prey 2-3 years following fire 
(Covert-Bratland et al. 2006). With fewer trees, green 
foliage used as a foraging and nesting substrate by certain 
birds is also reduced, thereby leading to a reduction in 
population sizes. Conversely, opening the canopy leads to 
growth of a woody and herbaceous understory, providing 
habitats for ground-dwelling birds.  Latif et al. (2016) found 
that more avian species responded negatively to wildfire 
than positively, possibly because recent fires deviate 
so drastically from the historical low-severity fire regime 
characterizing the Southwest. 



This change in vegetation structure also affects small 
mammal species. Converse et al. (2006b) observed an 
increase in biomass of small mammals following wildfire, 
including a positive numerical response by deer mice. Kyle 
and Block (2000) reported significantly larger deer mouse 
populations within severely burned forest than in unburned 
controls, but no significant difference between numbers in 
moderately burned forest and controls. Dwyer and Block 
(2000) studied secondary cavity-nesting birds on the same 
fires and reported that, as a group, these birds were more 
abundant on moderately-burned and unburned sites than on 
severely-burned sites. At the species level, however, western 
bluebirds benefitted from severe- and moderate-fire, white-
breasted and pygmy nuthatches benefitted by moderate-fire, 
but mountain chickadees were negatively affected by any 
fire. In a broader community analysis of the same sites, bird 
numbers and species richness seemed to increase shortly 
after fire (Bock and Block 2005). Three years post-fire, more 
species of breeding birds were detected in areas where 
fires were severe and moderate than in adjacent unburned 
forests, with a similar trend during the nonbreeding season. 
Woodpeckers, flycatchers, and thrushes were among the 
species groups that were more abundant in response to fire. 
In contrast, many foliage-gleaning birds were detected less 
frequently within severe fire areas.  



Prescribed Fire and Thinning. The Fire/Fire 
Surrogates study (Schwilk et al. 2009) was a national 



study focusing on effects of thinning and prescribed fire, 
used singly and in combination, on a variety of response 
variables in pine systems across the United States. Two 
replicates occurred in the Southwest, 1 in New Mexico and 
the other in Arizona. Hurteau et al. (2008) reported that the 
populations of some species, such as western bluebirds, 
increased following prescribed fire, whereas others, 
such as mountain chickadees, decreased in response 
to thinning treatments. Home-range sizes for western 
bluebirds were 1.5 times larger in the thin-only treatments 
than in the control units, but approximately 30% smaller in 
thin-and-burn treatments than control units (Hurteau et al. 
2010). The largest home ranges occurred in the burn-only 
treatments. Nesting attributes, such as number of eggs 
or nestlings, did not differ statistically among treatments. 
Hurteau et al. (2010) concluded that forest treatments 
such as thinning and prescribed fire are generally 
beneficial to western bluebirds, but that low snag retention 
may be an issue in areas subjected to prescribed fire. 



Converse et al. (2006a,b) evaluated effects of thinning 
and prescribed fire on habitats and densities of 4 species 
of small mammals. Treatments increased herbaceous 
vegetation, decreased shrub density, and decreased 
woody debris. As a result of these treatments, densities 
of deer mice increased and densities of gray-collared 
chipmunks decreased. Golden-mantled ground squirrels 
were positively related to shrub cover, and Mexican 
woodrats were positively related to shrub cover and woody 
debris. Converse et al. (2006a) concluded that reduction 
of shrubs and woody debris with prescribed fire may 
reduce densities of small mammals.  Strahan et al. (2015) 
concluded that thinning and prescribed fire increased 
understory diversity and were valuable restoration tools 
within ponderosa pine forests. 



Kailes et al. (2010) conducted a meta-analysis of 25 
studies in northern Arizona to compare the effects of small-
diameter removal, prescribed fire, thin/burn, selective 
harvest, overstory removal, and wildfire on birds and 
small mammals. Generally, prescribed fire and thin/burn 
treatments benefitted passerine bird and small mammal 
populations, whereas overstory removal and wildfire were 
mostly detrimental. Ground-foraging birds and rodents 
showed neutral population responses to thinning and 
burning, whereas aerial-, tree-, and bole-foraging birds 
exhibited neutral to positive responses.
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Prescribed Fire. A large study was initiated in 2002 to 
evaluate effects of prescribed fire on habitats of birds 
throughout the Interior West (Saab et al. 2007). This 
study was replicated at 14 locations, including 4 in the 
Southwest. It differed from previous efforts because 
the burn units exceeded 200 ha, which enabled more 
complete sampling of the avian community. We consider 
results from the Southwest here.



For breeding birds, response to treatments appeared to 
be scale-dependent (Dickson et al. 2009). At the unit level, 
few treatment effects were observed, and none of those 
were strong relationships. Stronger relationships emerged 
at the scale of the sampling point, where only the American 
robin and hairy woodpecker appeared to respond positively 
to fire. Dickson et al. (2009) concluded that breeding birds 
were fairly tolerant to conditions 2-3 years post-fire. 



Pope and Block (2010) reported similar results for birds 
during winter. Bird communities were similar between 
treatments and years, and the rank abundances of 
species between burn and control units were correlated. 
However, species-specific differences were noted 
among 3 bark-foraging birds: hairy woodpecker, pygmy 
nuthatches, and white-breasted nuthatches (Pope et al. 
2009). Density of hairy woodpeckers increased 5-fold in 
burned units, whereas white-breasted nuthatches and 
pygmy nuthatches showed no significant differences. 
This difference was attributed to foraging mode because 
hairy woodpeckers selected trees with bark beetles, 
which were more abundant in the burned plots. Pope and 
Block (2010) concluded that forest managers could use 
prescribed fire treatments without detrimental effects to 
winter avian communities. 



Horton and Mannan (1988) examined effects of prescribed 
fire on cavity-nesting birds in a pine-oak forest in the 
Santa Catalina Mountains of Arizona. They sampled birds 
prior to prescribed fire and for 1 and 2 years after. They 
observed few changes in bird abundance; northern flickers 
and violet-green swallows decreased, and mountain 
chickadees increased. However, care should be taken 
when applying prescribed fire to ensure retention and 
development of key habitat elements. Jentsch et al. 
(2008), for example, reported that bird species richness 
was positively associated with abundance of large Gambel 
oaks. Safeguards (e.g., lining of oaks) might be warranted 



to minimize loss of these components. Furthermore, 
prescribed burning could stimulate growth of Gambel oak 
thickets, which appear important to some bird species 
in pine–oak forests. Prescribed fire might also lead to 
loss of snags and logs. Randall-Parker and Miller (2002) 
noted that 50% of downed logs and 20% of snags were 
lost to prescribed fire. In contrast, Saab et al. (2006) 
noted significant reductions in logs and live trees, but 
no significant reduction in snags. Neither study provided 
information on numbers of snags nor number of logs 
needed for specific species of wildlife, so interpretation of 
effects on wildlife is difficult.



Response of small mammal communities to prescribed fire 
was studied by Roberts et al. (2015).  Here researchers 
studied small mammal communities in 20 forests (10 
burned within the past 15 years and 10 unburned).  Small 
mammal abundance was greater in the unburned forests, 
but burned forests had greater species evenness.  They 
suggested that application of prescribed fire to enhance 
landscape heterogeneity, including the presence of 
unburned patches, would help maintain diverse small 
mammal communities.



Challenges



Ponderosa pine is a fire-adapted ecosystem that requires 
periodic fire to maintain forest structure. More than a 
century of human intervention has altered these forests 
and fire regimes from one of frequent, low-severity fires 
to infrequent, high-severity fires. As a result, resource 
managers are exploring options for reducing fuels and 
disrupting fuel continuity to restore forest structure and 
returning to natural fire regimes. Two primary options are 
available: mechanical treatments (i.e., tree removal) and 
prescribed fire, used singly or in combination. 



Information on effects of prescribed fire is largely limited 
to birds and small mammals; data on other taxa are 
clearly needed to better understand effects. Responses by 
species to fuels reduction vary, but by-and-large, effects 
of prescribed fire on species appear beneficial or benign. 
This is not surprising, given that native species evolved 
with fire and its effects. Constraints to applying these 
treatments over greater landscapes appear more social 
than biological.
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fire frequency and extent due to reduced fuel availability 
(Bahre and Shelton 1993, McPherson 1995). Fire 
suppression and other changes to the fire regime and 
land use contributed to increased soil erosion and woody 
dominance on the once grassy landscape (Wright and 
Bailey 1982, Bahre and Shelton 1993, McAuliffe 1995, van 
Devender 1995, Dickerson 2010).



Nonnative grasses were introduced to semi-desert 
grasslands in the late 19th and early 20th centuries, in 
an attempt to reduce soil erosion and improve range 
conditions in this altered landscape (Crider 1945, Cox et 
al. 1988, Bahre 1991, Burgess et al. 1991, Roundy and 
Biedenbender 1995). These species have increased in 
dominance and distribution throughout the southwestern 
United States and northern Mexico (e.g., Cox and 
Ruyle 1986, Anable et al. 1992, Schussman et al. 2006) 
and have contributed to further changes in fire regime 
because of an increase in abundance and continuity of 
fine fuels. Lehmann lovegrass, for example, produces 
more litter and up to 4 times more biomass than native 
grass species (Cable 1971, Cox et al. 1990, Anable et al. 
1992, Geiger 2006). These nonnative plants are well-
adapted to fire, with germination rates and dominance 
sometimes increasing after fire (Cable 1965, Ruyle et al. 
1988, Sumrall et al. 1991, Bock, J. H. and Bock 1992), 
although evidence for a positive feedback grass-fire cycle 
(sensu D’Antonio and Vitousek 1992, Mack and D’Antonio 
1998) in these semi-desert grasslands has been mixed 
(Anable et al. 1992, Bock, J. H. and Bock 1992, Geiger 
and McPherson 2005, Geiger 2006, Litt and Steidl 2011, 
McGlone 2013).



Prescribed fire typically has been applied during winter 
and spring months because of the cooler ambient 
temperatures, increased humidity, and higher fuel 
and soil moisture. Although these cooler fires reduce 
biomass, mortality generally occurs only for cool-
season plants, which are less common in semi-desert 
grasslands (McPherson 1995). Summer fires, consistent 
with historical fire regimes, result in effects that are of 



Semi-desert grasslands are dominated by perennial 
grasses, interspersed with shrubs and small 
trees, and have the lowest biomass of grasslands 



in North America (Sims and Singh 1978). Semi-desert 
grasslands are distributed throughout 13 states in Mexico 
and reach their northern extent in Arizona, New Mexico, 
and Texas (Schmutz et al. 1991). These arid grasslands 
occur between 1,100 and 1,800 m in elevation (up to 
2,500 m in Mexico) and are naturally fragmented on 
the landscape, creating a mosaic with oak woodlands, 
chaparral, desert scrub, and other vegetation communities 
(Burgess 1995, McAuliffe 1995). Precipitation averages 
250-450 mm annually (Schnapp and Kinucan 2010), 
although semi-desert grasslands in Mexico may receive as 
much as 600 mm of rainfall per year (Schmutz et al. 1991). 
Much of the rainfall occurs between May and October 
and coincides with growth of predominate warm-season 
grasses (McClaran 1995).



Historical and Current Use of Fire



Historically, fires ignited naturally with dry lightning that 
preceded onset of summer monsoon rains (Humphrey 
1949, Bahre 1991); lightning strikes are common in 
the southwestern United States (Pyne 1982). Native 
Americans also applied fire to the landscape for many 
purposes, including hunting and improving pasture 
conditions (Pyne 1982), which provided additional 
anthropogenic sources of ignition (Bahre 1991). Fires 
were low-intensity, patchy, and wide-ranging, sometimes 
extending hundreds of square kilometers, and were limited 
only by the continuity of fine fuels (Bahre 1991, Dick-
Peddie 1993, McPherson 1995). The typical fire-return 
interval was 7-10 years, which was less frequent than 
that of other grassland types (Wright and Bailey 1982, 
Schmutz et al. 1985) and rainfall served as the main driver 
of fuel production (Burgess 1995).



Overgrazing was prevalent in the southwestern United 
States in the late 1800s and early 1900s, which altered 
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land use. Fire regimes in remaining grasslands have 
been altered greatly, through changes in return interval, 
intensity, and fire season. Anthropogenic fragmentation 
of remaining grasslands further alters fire regimes 
(McPherson 1995) and reduces feasibility of applying 
prescribed fire.



One of the largest challenges in managing semi-desert 
grasslands currently is that the interactive effects of 
fire, nonnative plants, and other landscape changes on 
grassland plants and animals are largely unknown (Steidl 
and Litt 2009, Fleishman et al. 2011). Under these novel 
conditions, fire may operate outside the natural range 
(D’Antonio et al. 1999, Brooks et al. 2004) and no longer 
may behave in a predictable way or serve as an effective 
restoration tool (Raffa et al. 2008, Steidl and Litt 2009, 
Litt and Steidl 2011). Increases in greenhouse gases 
could result in further changes in fuel loads because of 
increases in woody cover and decreases in grass cover 
(McPherson 1995), and changes in temperature and 
precipitation patterns may also affect primary productivity 
and species persistence. Such compounded stresses may 
act synergistically and drive local extirpation of species 
that are unable to tolerate altered conditions (Hobbs and 
Huenneke 1992, Paine et al. 1998).



Diverse species composition of flora and fauna in semi-
desert grasslands likely was maintained historically by 
variability in fire frequency and intensity (Rice et al. 2008). 
Management strategies that maximize heterogeneity 
of vegetation structure and composition, distribution of 
fuels, and resulting fires in grasslands could ensure that 
a diversity of taxa can meet habitat requirements at all life 
stages (Bock and Bock 1978, Fuhlendorf et al. 2006, Litt 
and Steidl 2011).



greater magnitude and longer duration (Glendening and 
Paulsen 1955).



Fire Effects on Wildlife 



Vertebrates in semi-desert grasslands have evolved 
under the influence of patchy, low-intensity fire, and 
direct mortality resulting from fire is relatively uncommon 
(McPherson 1995). Most species avoid fire by making use 
of speed or underground burrows, but species with above-
ground nests (e.g., woodrats) may experience some direct 
mortality (Simons 1991). Vertebrate responses to fire are 
species-specific and based on habitat requirements, which 
may change through an animal’s life history. In general, 
species that prefer high cover and vertical structure 
decrease in presence and abundance following fire and 
species that prefer more open environments and foods 
that are stimulated by burning (e.g., seeds, Bock et al. 
1976) increase in presence and abundance (Bock and 
Bock 1978, Bock et al. 1986, Bock and Bock 1988, Bock, 
C. E. and Bock 1992, McPherson 1995, Fitzgerald et 
al. 2001, Litt and Steidl 2011). Raptor populations may 
increase after fire because prey populations are more 
exposed (Bock and Bock 1978, Lyon et al. 2000), and a 
high diversity of granivorous species (e.g., small mammals 
and birds) benefits from new growth of grasses and forbs 
(Bock and Bock 1978, Bock et al. 1986, Litt and Steidl 
2011).



Changes in presence and abundance of vertebrate 
species after fire typically are relatively ephemeral, and 
populations recover within 1-4 years (Bock and Bock 
1978, Bock and Bock 1988, Albrecht et al. 2008, Litt and 
Steidl 2011), depending on post-fire precipitation and 
vegetation growth (Cable 1967, Wright and Bailey 1982, 
Bock, J. H. and Bock 1992). Changes in season of burn 
may have implications for species that are reproducing 
or have young at the time of the fire (Erwin and Stasiak 
1979); many species of grassland birds are ground-
nesters (van Devender 1995) and would be negatively 
impacted by fires during nesting season. 



Challenges



Grasslands are among the most endangered plant 
communities in North America (Noss et al. 1995), due 
in part to invasion by nonnative plants and changes in 
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precipitation. Therefore, using fire as a management 
tool in a drought year should be carefully considered 
and aligned with management goals (Ford et al. 2004). 
Perceptions about value of fire in shortgrass steppe may 
have been influenced by a desire for rapid increases in 
grassland productivity to benefit domestic livestock (Ford 
1999). This resulted in effect of fire on shortgrass steppe 
viewed as negative, largely based on conclusions from 
studies primarily focused on using fire as a tool to increase 
forage value of grassland vegetation. However, an 
analysis of early fire-effects literature spanning 42 years 
(Ford 1999) revealed that responses to fire appear to be 
predominantly neutral or positive and depend mainly on 
levels of precipitation. 



Fire Effects on Wildlife



Numerous studies (e.g., Komarek 1969, Kaufman et al. 
1990, Whelan et al. 2002, Engstrom 2010) have shown 
that animals respond differentially to disturbance by fire, 
due in part because fire can have both direct and indirect 
effects. Direct effects are acute but ephemeral (i.e., 
fire-induced mortality). Indirect effects (i.e., alterations in 
conditions) are long-lasting and usually more important 
(Ford and McPherson 1996). Prescribed fire currently 
is used in shortgrass steppe as a management tool to 
improve wildlife habitat, reduce fuel loading, restrict spread 
of shrubs, and better align timing and intensity of fire to 
increase ecosystem benefits. 



Shortgrass steppe is used by hundreds of bird species. 
Many of these birds are migrants, whereas others breed 
in the Great Plains, or can be classified as summer, 
winter, or yearlong residents. Svingen and Giesen 
(1999) observed higher densities of mountain plovers 
during migration on prescribed burns than on unburned 
shortgrass steppe, and Augustine and Skagen (2014) 
suggested prescribed fire was important for creating 
suitable nesting habitat when other forms of disturbance 
were absent. In addition, prescribed burns in combination 
with active black-tailed prairie dog colonies may enhance 



Steppe is a mid-latitude, semi-arid, generally 
treeless grassland, dominated by short grasses 
and bunchgrasses, and characterized by large 



grazing mammals and burrowing animals (Lincoln et al. 
1998). It has a wide distribution ranging from Eurasia to 
the Great Plains of central North America, including the 
American Southwest. Vegetation characteristic of the North 
American steppe includes perennial grasses: buffalograss, 
a sod-forming shortgrass, and blue grama, a bunchgrass 
(Bailey 1995, Ford and Johnson 2006). The Great Plains 
climate has severe, windy, dry winters, with little snow 
accumulation, relatively moist springs, and summers are 
often droughty and punctuated by thunderstorms (Borchert 
1950, Sims and Risser 2000). Natural fires and those 
ignited by Native Americans moved uninterrupted across 
the relatively level plains at sufficient frequency to restrict 
occurrence of trees and shrubs (Sims and Risser 2000).



The southern Great Plains includes the eastern third 
of New Mexico, the northern two-thirds of Texas, and 
most of Oklahoma (Wright and Bailey 1982). Almost all 
of the grassland in this region is composed of mixed or 
shortgrass communities (Brown 1994). Although these 
communities have been altered by grazing and indirect 
effects of fire suppression followed by shrub invasion, 
much of the landscape remains dominated by perennial 
grasses (Brown 1994). The Rio Grande plains of south 
Texas represent the southern-most extension of the Great 
Plains grasslands. Fire, along with other climatic variables 
such as drought, presumably maintained the honey 
mesquite savannas and interspersed grasslands of pre-
European settlement in South Texas (Scifres and Hamilton 
1993). Frequency of fire appeared to have been highly 
variable and ranged from 5 to 30 years (Wright and Bailey, 
1982, Ruthven III et al. 2008).



Historical and Current Use of Fire



In general, response of shortgrass steppe to fire seems 
to depend primarily on pre- and post-fire levels of 



Shortgrass Steppe
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(Carpenter 1959, Greenberg et al. 1994), and increases in 
abundance following fire are likely the result of increases 
in bare ground and reductions of woody plant cover 
(Ruthven et al. 2002, 2003). A heterogeneous fire regime 
can maximize diversity of this species group (Mushinsky 
1985, Greenberg et al. 1994, Ruthven et al. 2008, Knapp 
et al. 2009). 



Effects of fire on mammals are a function of animal size 
and vagility. Deer and elk easily avoid injury during fire 
(McCulloch 1969, Dills 1970, Boeker et al. 1972, Hallisey 
and Wood 1976), although young ungulates frequently 
are killed by large fires (Daubenmire 1968, Kramp et al. 
1983). Most small mammals can escape fires by hiding in 
burrows or rock crevices (Howard et al. 1959, Heinselman 
1973), where soil provides insulation (Bendell 1974, 
Kramp et al. 1983). Small mammals die most commonly 
from a combination of heat effects and asphyxiation. 
Other causes of death include physiological stress from 
overexertion while trying to escape, trampling as large 
mammals stampede, and predation as small mammals 
flee from fire (Kaufman et al. 1990). 



Fires that remove food and cover (litter and standing 
dead vegetation) temporarily may be detrimental to 
small rodents immediately after fire (Daubenmire 1968, 
Kaufman et al. 1990). However, repopulation of such 
areas is reported to be nearly complete within 6 months 
(Cook 1959). Mice and rodent populations often increase 
in response to increased availability of forb seeds and 
insects. In addition, burned areas often support more 
diverse animal populations than comparable unburned 
sites because of increased habitat diversity (Beck and 
Vogl 1972, Wirtz 1977). 



Mammals that respond negatively to fire include species 
that forage on invertebrates in the litter layer, species that 
live in relatively dense vegetation and eat plant foliage, 
and species that use, at least partially, aboveground nests 
of plant debris. Examples in the southern Great Plains 
include cotton rats, Bailey’s pocket mice, pinyon mice, 
white-tailed antelope, ground squirrels, southern red-
backed voles, white-throated woodrats, western harvest 
mice, and meadow voles (Komarek 1969, Beck and Vogl 
1972, Bradley and Mauer 1973, Bock et al. 1976, Bock 
and Bock 1978, Geier and Best 1980, Mazurek 1981, 
Kramp et al. 1983, Kaufman et al. 1990, Ford 2002). 



breeding habitat for mountain plovers in shortgrass steppe 
(Augustine 2011). 



In general, birds are most vulnerable to fire during nesting 
and fledging periods. Fires can be devastating to ground-
nesting birds owing to destruction of existing nests, 
removal of protective cover, and elimination of insect food 
resources (Daubenmire 1968) that may be associated 
with ground litter and vegetation. Therefore, timing of 
prescribed burns should be a primary consideration 
to resource managers concerned with declining avian 
populations that breed in shortgrass steppe. 



Because birds are highly mobile, fires rarely kill birds 
directly, but rather affect population levels indirectly 
by altering habitat structure, abundance of competing 
species, and food levels (Dickson 1981, Bock and Bock 
1990, Rotenberry et al. 1995). For example, populations 
of burrowing owls reportedly have declined on grasslands 
with increases in litter cover, suggesting that using fire 
to reduce litter cover may be beneficial to this species 
(Komarek 1969, Kramp et al. 1983). Birds of prey are 
particularly attracted to fire and smoke, which appears 
to be related to vulnerability and ease of capture of 
prey species forced to flee from the flames. Several 
other species of birds are attracted to recently-burned 
grasslands (Clark 1935, Handley 1969, Komarek 1969, 
Kramp et al. 1983, Lyon and Marzluff 1984, Tomback 
1986, Ford and McPherson 1996). 



Data on effects of fire on herpetofauna are lacking. With 
increased use of prescribed fire to manage rangelands 
in South Texas for wildlife and livestock, a better 
understanding of effects of fire on herpetofauna is needed 
(Ruthven et al. 2008). Prescribed-burning regimes that 
incorporate both dormant- and growing-season fire 
have little short-term effect on diversity of herpetofauna 
(Keyser et al. 2004, Wilgers and Horne 2006, Ruthven 
III et al. 2008). Overall, abundance of lizards, snakes, 
and amphibians is unaffected by dormant-season fires. 
Texas spotted whiptails decreased slightly in abundance 
in response to winter burns, whereas six-lined racerunners 
increased in abundance during the first year after fire. 
Inclusion of summer fires had little effect on the whiptail; 
yet encounters of the racerunner were 10 times greater 
on burned sites compared to unburned areas. Six-lined 
racerunners typically inhabit open, xeric vegetation types 
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therefore an appropriate method to maintain high-quality 
habitat for swift fox (Thompson et al. 2008).



Population size and habitat use of most native ungulates, 
including bison, white-tailed deer, elk, and pronghorn 
increase after fire (Ford and McPherson 1996). These 
increases are reportedly due to an increase in forage 
quality and quantity in newly burned areas (Ford and 
McPherson 1996). 



Challenges



Timing for conducting prescribed burns to meet wildlife 
objectives can be challenging. Brockway et al. (2002) 
suggested that burning during the dormant season 
favored native plant restoration and enhanced nutrient 
cycling. However, burn windows that consider wind 
speed and direction greatly limit number of days suitable 
for dormant-season burning (Roberts et al. 1999). 
Furthermore, dormant-season burns occur outside of the 
natural summer fire season and may not be as effective 
at controlling encroachment of woody species (Ansley 
and Castellano 2007). More information is needed to 
better understand response of wildlife to different timing 
alternatives. 



Much of the land base within the range of shortgrass 
steppe is privately owned. As a result, there is public 
concern over unintended consequences of prescribed fire. 
Some landowners fear that a prescribed fire may escape 
containment and move onto their lands burning crops and 
property. Others express health concerns over effects of 
smoke on those with heart or respiratory ailments.



Mammals that respond positively to fire include species 
that use ambulatory locomotion in microhabitats with a 
relatively open herbaceous layer and feed on seeds and 
insects and that use saltatorial locomotion (Kaufman et 
al. 1990). Population size and habitat use increase after 
fire because of a concomitant increase in availability 
of forb seeds, insects, and newly greening vegetation, 
creation of open areas in otherwise dense vegetation, and 
eventually an increase in forb cover. Increases may occur 
immediately or gradually as areas begin to revegetate and 
habitat diversity increases. Small mammals that show a 
positive response include deer mice, white-footed mice, 
eastern cotton-tailed rabbits, kangaroo rats, grasshopper 
mice, Nuttall’s cotton-tailed rabbits, thirteen-lined ground 
squirrels, and hispid pocket mice (Cook 1959, Cable 1967, 
Daubenmire 1968, Komarek 1969, Beck and Vogl 1972, 
Bradley and Mauer 1973, Kramp et al. 1983, Kaufman et 
al. 1990, Ford 2002). 



Factors influencing distribution and abundance of black-
tailed prairie dog colonies are of interest to rangeland 
managers because of the significant influence prairie dogs 
can exert on both livestock and biodiversity (Augustine 
et al. 2007). Research on influence of 4 prescribed burns 
and 1 wildfire on rate and direction of colony expansion in 
shortgrass steppe of southeastern Colorado indicated that 
burning can increase rate of colony expansion even with 
low vegetative structure. This effect was minor at the scale 
of the overall colony complex, because some unburned 
colonies were also able to expand at high rates. This result 
highlights the need to evaluate effects of fire on colony 
expansion during above-average rainfall years, when 
expansion into unburned grassland may be considerably 
lower (Augustine et al. 2007).



Carnivores that occur in the southern Great Plains include 
badgers, bobcats, swift foxes, and coyotes. These species 
may increase select vegetation types in response to fire-
enhanced rodent prey populations (Wirtz 1977, Gruell 
1980, Kramp et al. 1983). Swift foxes are shortgrass 
specialists and, as a result, are heavily dependent upon 
disturbance to maintain high-quality habitat (Thompson 
et al. 2008). Habitat quality for swift foxes represents 
a balance between prey availability and exposure to 
predation (Thompson and Gese 2007), which can be 
created with low intensity fire. Prescribed burning is 
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Fire as a management tool long predates European 
settlement of North America. Indeed, Native 
American and First Nations peoples were well-



versed in application and benefits of prescribed fire. 
Prescribed fire is a tool used by contemporary resource 
managers to meet numerous objectives, including 
reducing fuel loads and continuity, returning fire to an 
ecosystem, enhancing wildlife habitat, improving forage, 
preparing seedbeds, improving watershed conditions, 
enhancing nutrient cycling, controlling exotic weeds, and 
enhancing resilience from climate change. Regardless of 
the particular objective, fire affects ecosystem structure, 
composition, and function in many ways. 



As many of the regional accounts describe, prescribed 
fire varies widely in application and effects. Factors 
that influence fire effects are vegetation type and seral 
stage, fuel conditions, topography, weather, climate, fire 
size, burning prescription, fire intensity, fire frequency, 
and fire seasonality. In many, if not most, situations, 
prescribed fire is used in vegetation types where fire is 
a natural disturbance and a critical process influencing 
ecosystem structure and function. Fire suppression over 
the past century has disrupted natural fire regimes, and 
resulting ecosystems deviate considerably from what 
existed historically. Prescribed fire is gaining support as a 
restoration management tool and the practice of applying 
it is improving with new information.



With the realities of global climate change becoming 
more apparent, we have only a limited understanding 
of its effects on ecosystems attributes, including wildlife 
(Sommers et al. 2011). This is partly because resulting 
changes will alter ecological systems and the underlying 
biotic relationships. Vegetation changes may render areas 
suitable for some plant and animal species, but unsuitable 
for others. Vegetation composition and structure may 
form communities never observed before, hence 
wildlife responses to these new communities may be 
unpredictable. New mixes of plant species may lead to the 
emergence of novel wildlife communities with unforeseen 



biotic interactions (e.g., competition, predation). Changes 
may occur at varying spatial scales, from micro- to 
macrohabitats and to landscapes and regions. Given 
these uncertainties, trying to mitigate these changes 
will be difficult. One approach is to increase ecosystem 
resiliency (Reynolds et al. 2013). Both mechanical tree 
removal and prescribed fire are critical tools to enhance 
resiliency by reducing stem densities towards historical 
levels. The premise is that many of these ecosystems 
persisted for thousands of years and experienced a wide 
range of environmental conditions in temperature and 
moisture. Presumably, restoring these systems to the 
range of historical conditions provides the best chance for 
systems to persist in the face of climate change. 



Generalized effects on wildlife



Prescribed fire affects wildlife in various ways. Population 
responses by species can be positive, negative, or 
neutral; short- or long-term (or both); and they often 
change with time. Whereas prescribed fire can create or 
maintain habitats for some species, fire can remove or 
alter conditions in ways that render it unsuitable for other 
species. Furthermore, a species may benefit from fire in 
1 situation but not another. Given variations in fire and 
in species responses, the only real generalization one 
can make is that exceptions occur. Fire does not occur 
uniformly across a landscape, instead manifesting as a 
heterogeneous mosaic that provides habitats for different 
species, thereby influencing wildlife diversity. Practitioners 
should try to emulate natural mosaic patterns by designing 
and implementing a set of prescriptions rather than 
applying one prescription across a landscape.



Scale and timing are critical considerations when 
prescribed fire is used. Scale relates to both time and 
space. Natural fire ignitions often correspond to the 
season(s) when lightning occurs. Plants and animals 
co-evolved with fire occurring during this time of year 
and exhibit adaptations to breed, survive, and even 
flourish with fire. When possible, prescribed fire should 



Conclusion
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occur during the natural fire season, and spatial scale of 
a prescription should emulate natural fire. Often, low-
intensity surface fires burned extensive areas, whereas 
high-intensity crown fires tended to be more limited in 
extent (e.g., stand scale).  



The science of prescribed fire and our understanding 
of effects on wildlife are improving. Many studies are 
observational or quasi-experimental, but opportunities 
exist to conduct well-replicated experiments. 
Experiments require coordination with fire managers to 
design and implement treatments. Experimental units 
must be sufficiently large to assess population response, 
which will vary according to the species under study. 
Saab et al. (2007), for example, required units ≥200 
ha for sampling passerine birds. Larger units may be 
required for ungulates and rare species with large home 
ranges (e.g., carnivores), whereas smaller units might 
suffice for common species with small home ranges 
(e.g., small mammals). 



Much of our knowledge on effects of prescribed fire 
is derived from studies on birds, small mammals, and 
ungulates. We found few studies that addressed effects 
on furbearers, reptiles, and amphibians. Clearly, research 
on these taxa is needed to more fully understand 
relationships between wildlife and prescribed fire.



Knowledge gaps remain in our understanding of effects 
of timing of prescribed fire. Presumably, prescribed 
fire applied within the time of year when fires occur 
naturally would be most beneficial to wildlife. However, 
fire managers may be forced to ignite fires during other 
times of the year when likelihood of fires burning outside 
prescription are reduced. For example, fires in the 
southwestern United States occurred naturally from late 
spring to early summer. These were lightning-ignited 
fires prior to onset of heavy monsoon rains. Typically, 
this time of year is also characterized by high winds, 
which can cause fires to spread quickly and become out 
of control. As a result, managers conduct burns in late 
summer, fall, or late winter when conditions are moister 
and the winds reduced. 



Social issues, particularly those surrounding smoke and 
emissions, constrain where, when, and how managers 
can burn. Certainly, emissions standards enforced by 



state and federal environmental agencies limit windows 
of opportunity for burning. Smoke billowing into human 
communities is a health concern, especially for people 
with existing respiratory ailments. Many publics associate 
smoke with fire and conclude that fire is bad. Progress has 
been made at educating the public concerning benefits of 
prescribed fire to reduce threats of wildfire to people and 
property and also benefits to ecological communities, but 
much work remains.



In conclusion, benefits of prescribed fire far outweigh 
negative effects. The science of prescribed fire 
continues to provide better information and options for 
resources managers to incorporate into management 
plans. Prescribed fire should be applied within a 
structured adaptive management framework (Walters 
1986), which requires developing and implementing 
monitoring systems to evaluate efficacy of specific 
fire prescriptions. Depending on monitoring results, 
prescriptions could be applied elsewhere or adjusted to 
meet management objectives. Either way, prescribed 
fire is an important resource management tool that can 
be effective at maintaining or enhancing habitats for 
many species of wildlife. 
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Box 1. Forest Succession and  
Wildlife-Habitat Relations 



Prescribed fire can influence forest succession by 
reverting it to an earlier stage, maintaining it at its 
current stage, or assisting progress towards an 



older stage. As succession progresses from early to late 
stages, vegetation composition and structure change, 
which changes the array of habitats and wildlife species 
present. To illustrate these relationships, we present 
species-habitat relations for birds and mammals in the 
southeastern United States shortleaf pine-bluestem forests 
and how changing habitat structure and conditions results 
in different mixes of species in the wildlife community.



Early Succession. Following disturbance that moves 
a stand to an early seral stage, a fairly predictable 
chronosequence of vegetation replacement occurs 
(Johnston and Odum 1956; Meyers and Johnson 1978; 
Masters 1991a,b; Masters et al. 2006). The first stage 
is represented by herbaceous vegetation with an array 
of grasses and forbs. If the stand was clearcut and 
the site prepared for planting, the first stage may have 
considerable bare ground. Within 2 years of the clearcut, 
herbaceous vegetation will dominate the site and some 
woody component will develop (Masters 1991a,b; Masters 
et al. 2006). Soft mast production, important for many 
mammals and birds, typically recovers by the 3rd growing 
season and is more abundant than in mature mixed pine-
hardwood stands (Perry et al. 2004). Herbaceous and 
woody current annual growth will increase until canopy 
closure, generally within 6-8 years (Fenwood et al. 1984; 
Masters et al. 1993, 2006). Forage and browse production 
will be from 10 to 25 times greater than that in mature 
oak-pine stands over this short period of time (Masters et 
al. 2006). Within 4 to 6 years, woody vegetation begins 
to assert dominance as a distinct grass-shrub stage 
(Johnston and Odum 1956, Masters et al. 2006). Then 
by 8 to 10 years a distinct sapling stage occurs. The 
replacement sequence and relative dominance of woody 
species can be redirected by subsequent disturbances 



such as fire (Masters 1991a; Masters et al. 2005, 2006). 



The chronosequence of mammals and birds that follow 
stages of vegetation replacement are also somewhat 
predictable and fairly well documented. From the first 
herbaceous dominated stages, as cover develops, 
small mammals colonize quickly (Atkeson and Johnson 
1979, Thill et al. 2004), and eastern cotton-tailed rabbits, 
white-tailed deer and elk begin using the site (Masters 
1991a,b; Masters et al. 1997; Fig. 2). However flying 
squirrels (Taulman and Smith 2004), gray squirrels, and 
fox squirrels show dramatic declines compared to those 
in mature stands in these earliest seral stages (Flyger 
and Gates 1982). These groups of species continue 
using these sites through the shrub stage and into the 
sapling stage. However, by the 5th growing season small 
mammal density (Thill et al. 2004) and squirrel use decline 
dramatically (Flyger and Gates 1982). Any benefit to small- 
and medium-size mammals also benefited mammalian 
predators (Landers 1987).



Small mammal survival in burned areas depends on 
uniformity, duration, and intensity of fire, in addition to an 
animal’s mobility and position in relation to soil surfaces 
(Wright and Bailey 1982) and litter structure (Landers 
1987). During the first and second years post-burn, 
herbivorous and gramnivorous species become dominant 
and insectivorous species decline. Many small mammals 
require early- to mid-successional conditions, created or 
maintained by fire (Landers 1987). 



Sapling stands provide beneficial escape and bedding 
cover and browse for white-tailed deer and elk in naturally 
or artificially-regenerated stands. However, cotton-tailed 
rabbit use declines (Masters 1991a,b; Masters et al. 
1993, 1997). As crowns closure begins, herbaceous 
vegetation begins declining (Masters et al. 1993) as 
does small mammal richness and density (Atkeson and 
Johnson 1979). By age 10 and at crown closure, rabbit, 
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15 cm, diameter at breast height), use by many wildlife 
species will decline dramatically as will density, especially 
in dense stands where fire is excluded. By age 15, stands 
support low numbers of small mammals (Atkeson and 
Johnson 1979). By age 18-20, flying squirrels begin using 
these developing mixed stands (Landers and Crawford 
1995). Only during the latter part of this stage will 
significant numbers of fox or gray squirrels begin using 
the stand. In the later part of this stage, fox and gray 
squirrels may be more abundant than in late seral stages 
(Flyger and Gates 1982).



At age 12-15 depending on the site index, some songbird 
species more characteristic of later stages of succession 
will once again begin using canopies of southern pine 
species (Engstrom et al. 1984, Jennelle 2000). Species 
such as red-eyed vireos, hooded warblers, and wood 
thrushes become increasingly common, but ground 
dwelling and nesting species and some shrub associated 
species decline (Engstrom et al. 1984, Landers and 
Crawford 1995). Importance of fire in retaining early 
seral wildlife species was recently shown in a study on 
the Ouachita National Forest, Arkansas, that examined 
northern bobwhite use of even-aged stands 12-15 years of 
age. Following only 3-4 seasons of fire exclusion, northern 
bobwhite began avoiding stands that ranged from 240 to 
280 stems/ha and that previously had showed extensive 
use (Walsh 2004).



In stands from about age 25 to 60, low densities of 
breeding birds characterize most dense southern pine 
forests (Johnston and Odum 1956). However, a host of 
songbirds use canopies of pole-sized stands and to a 
much greater extent the understory where frequent fire is 
used and lower stand density (<16 m²/ha) is maintained 
(Fig. 5). The complement of songbird species in pole 
stands is similar to that in mature stands (Wilson et 
al. 1995, Jennelle 2000, Masters et al. 2002). In mid-
succession stands excluded from fire, both species 
richness and density of small mammals and songbirds 
decline markedly as midstory hardwoods develop and 
the herbaceous layer declines from litter buildup and 
shading by hardwoods (Engstrom et al. 1984, Landers and 
Crawford 1995, Masters et al. 2002). 



Late Succession. Late seral-stage mixed oak-pine 
stands may be characterized by a distribution of uneven-



elk, and deer dramatically curtail use of either naturally-
regenerated or clearcut stands (Masters et al. 1997). 
Use of these stands is extended when prescribed fire is 
introduced early and at least on a 3-year late-dormant 
season cycle (Masters et al. 1997; Fig. 3). Prescribed fire 
reduces density of small (<2 m) woody stems (Sparks et 
al. 1999) and maintains herbaceous understory production 
at high levels (Masters et al. 1993, 1996). 



From the earliest stages of secondary succession (bare 
ground), mourning doves begin using such sites. When 
the herbaceous stage is extended, such as in old-field 
situations or in some clearcuts, eastern meadowlarks, field 
sparrows, and grasshopper sparrows also use this stage 
(Johnston and Odum 1956, Meyers and Johnson 1978, 
Dickson et al. 1993). Other early-succession bird species 
such as northern bobwhites, northern cardinals, indigo 
buntings, blue grosbeaks, and less frequently Bachman’s 
sparrows make some use of the grass-shrub stage found 
in regenerated stands as long as adequate ground cover 
and fairly dense brushy woody plants are present (Fig. 
4). Eastern bluebirds will use these sites where suitable 
snags are found. Where ground cover is predominantly 
needle litter in dense sapling to post-sized stands, species 
like prairie warblers and hooded warblers may occur 
(Jennelle 2000). Periodic burning on at least a 3-year 
rotation in young sapling stands extends the period of use 
by early sere wildlife species such as numerous small 
mammals, northern bobwhite, wild turkeys, and numerous 
songbirds that will continue to use stands as they develop 
(Masters 1991a, Stewart 1999, Jennelle 2000, Walsh 
2004; Fig. 5). 



Mid-Succession. The mid-succession stage occurs from 
about 12 to 60 years of age. A common characteristic 
in stands where fires have been excluded are closed 
canopies with sparse patches of relatively few herbaceous 
plants in the understory (Oosting 1942, Meyers and 
Johnson 1978, Masters et al. 2006). Stand density varies 
throughout this age span, but dense stands generally 
decline in density over time as competition-induced 
mortality takes place. Lower density stands will become 
denser during the early part of this stage for a short period. 
But in either instance, by the later part of this successional 
stage, density will be similar (Oosting 1942). Once a 
mixed oak-pine stand enters the post size-class (10-
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aged diameters, sparse herbaceous understory, and 
considerable horizontal and vertical structure (Meyers and 
Johnson 1978, Kreiter 1994, Smith et al. 1997). Often the 
canopy may have periodic gaps of different sizes. A snag 
component is evident. 



The small mammal community density, species richness, 
and diversity are typically lower and composition 
somewhat different than in early seral stages (Tappe et al. 
1994, Masters et al. 1998, 2002). Southern flying squirrels 
are considered to be a representative small mammal of 
mature mixed oak-pine forests (Taulman and Thill 1994) 
as are fox and gray squirrels, depending on the mix of 
oaks and other hard-mast producing hardwoods (Flyger 
and Gates 1982).



Ovenbird, scarlet tanagers, summer tanagers, great-
crested flycatchers, Acadian flycatchers, tufted titmice, 
Carolina chickadees, Kentucky warblers, pine warblers, 
worm-eating warblers, yellow-billed cuckoos, northern 
cardinals, pileated woodpeckers, hairy woodpeckers, 
downy woodpeckers, chuck-will’s widows, whip-poor-
wills, wood thrushes, tufted titmice, Carolina wrens, 
broad-winged hawks, red-eyed vireos, and possibly 
yellow-throated vireos are characteristic species of late 
succession mixed hardwood-pine hardwood stands 
(Johnston and Odum 1956, Meyers and Johnson 1978, 
Wilson et al. 1995, Masters et al. 2002). However, many of 
these are also characteristic of mature hardwood stands 
(Meyers and Johnson 1978). There is a paucity of conifer-
specialized bird species in the southern forests compared 
with northern forests (Johnston and Odum 1956).
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Fig. 2. Plant succession and mammal community succession model of occurrence of selected common species associated with 
different stages of succession within shortleaf pine-bluestem forests in the absence of fire. Horizontal lines indicate only the 
presence of the named species at a particular successional stage. Based on Atkeson and Johnson (1979), Tappe et al. (1994, 
2004), and Masters et al. (1998, 2002).
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Fig. 3. Plant succession and mammal community succession model of selected common species occurrence associated 
with different stages of succession within shortleaf pine-bluestem forests with frequent fire of at least 1- 5-year intervals. 
Horizontal lines indicate only the presence of the named species at a particular successional stage. Based on Masters et al. 
(1998, 2002).











The Wildlife Society  ©2016 Effects of Prescribed Fire on Wildlife and Wildlife Habitat in Selected Ecosystems of North America 63



Fig. 4. Plant succession and breeding bird community succession model of selected common species occurrence associated 
with different stages of succession within shortleaf pine-bluestem forests in the absence of fire. Horizontal lines indicate only 
the presence of the named species at a particular successional stage. Based on Johnston and Odum (1956), Meyers and 
Johnson (1978), Engstrom et al. 1984, Wilson et al. (1995), Jennelle (2000), and Masters et al. (2002).
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Fig. 5. Plant succession and breeding bird community succession model of selected common species occurrence associated 
with different stages of succession within shortleaf pine-bluestem forests with frequent fire of at least 1- to 5-year intervals. Most 
of the bird species from Fig. 4 will be found here as well if even 3.4 m2 of hardwood basal area per hectare is present in the 
stand. Horizontal lines indicate only the presence of the named species at a particular successional stage. Based on Wilson et 
al. (1995), Jennelle (2000), and Masters et al. (2002).
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Honey mesquite  Prosopis glandulosa
Douglas-fir  Pseudotsuga menziesii
Arizona white oak  Quercus arizonica
Gambel oak  Q. gambelii 
Huckleberry  Vaccinium spp
Blackberry  Rubus spp. 
Canada buffaloberry Sheperdia canadensis
Smooth cordgrass  Spartina alterniflora
Salt meadow cordgrass  S. patens 



Invertebrates
Katydid  Conocephalus sp.
Periwinkle snail  Littorarea irrorata 
Mountain pine beetle Dendroctonus ponderosae



Reptiles
Texas spotted whiptail  Cnemidophorus gularis 
Six-lined racerunner  C. sexlineatus



Birds
Least bittern  Ixobrychus exilis
Ross’s goose  Chen rossii
American black duck  Anas rubripes 
Northern goshawk  Accipiter gentilis
Cooper’s hawk A. cooperii
Broad-winged hawk Buteo platypterus
Northern harrier Circus cyaneus
American kestrel Falco sparverius 
Lesser prairie chickens  Tympanuchus cupido
Greater sage-grouse  Centrocercus urophasianus
Northern bobwhite Colinus virginianus
Wild turkey Meleagris gallopavo
Virginia rail Rallus limicola
Black rail  Laterallus jamaicensus
Mountain plover Charadrius montanus
Mourning dove Zenaida macroura
Chuck-will’s widow Antrostomus carolinensis
Yellow-billed cuckoo Coccyzus americanus
Burrowing owl  Athene cumicularia
Northern flicker Colaptes auratus 
Pileated woodpecker Hylatomus pileatus



Common name Scientific name                



Plants
Subalpine/Corkbark fir  Abies lasioscarpa 
White fir  A. concolor 
Big bluestem  Andropogon gerardi
Wiregrass Aristida spp.
Low sagebrush  Artemesia arbuscula
Sand sagebrush  A. filifolia 
Big sagebrush  A. tridentata
Mountain big sagebrush  A. t. vaseyana 
Wyoming big sagebrush A. t. wyomingensis 
Buffalograss  Bouteloua dactyloides 
Blue grama  B. gracilis
Cheatgrass  Bromus tectorum
Sedge  Carex spp.
Hickory Carya spp.
Sweet fern  Comptonia peregrina 
Inland saltgrass  Distichlis spicata 
Willow-herb  Epilobium angustifolium
Lehmann lovegrass  Eragrostis lehmanniana
Rough fescue Festuca campestus
Geranium  Geranium bicknellii
Sweetvetch Hedysarum spp.
Juniper  Juniperus spp.
Larch  Larix occidentalis
Common reed  Phragmites australis
White spruce  Picea glauca 
Engelmann spruce  P. engelmanii
Whitebark pine Pinus albicaulis
Jack pine  P. banksiana 
Lodgepole pine  P. contorta 
Shortleaf pine P. echinata 
Slash pine  P. elliottii
Pinyon P. edulis
Longleaf pine   P. palustris
Loblolly pine  P. taeda 
Ponderosa pine P. ponderosa 
Southwestern white pine  P. strobiformis 
Monterey pine  P. radiata
Knotweed  Polygonum cilinode
Trembling aspen  Populus tremuloides
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Saltmarsh sharp-tailed sparrow  A. cautacutus
Bachman’s sparrow Aimophila aestivalis
Chipping sparrow Spizella passerina
Field sparrow S. pusilla
Swamp sparrow  Melospiza georgiana
Coastal Plain swamp sparrow M. g. nigrescens
Eastern meadowlark Sturnella magna
Red-winged blackbird  Agelaius phoenecius
Boat-tailed grackle Quiscalus major 



Mammals
Short-tailed shrew Blarina brevicauda
Black bear  Ursus americanus 
Grizzly bear  U. horribilis
Badger  Taxidea taxus
Coyote  Canis latrans
Gray wolf  C. lupus
Swift fox Vulpes velox
Bobcat  Felis rufus
Canada lynx Lynx canadensis
Cougar Puma concolor
Black-tailed prairie dog  Cynomys ludovicianus
Thirteen-lined ground squirrel  Spermophilus 
tridecemlineatus
Golden-mantled ground squirrel  S. lateralis 
White-tailed antelope ground squirrel  Ammospermophilus 
leucurus
Gray-collared chipmunk  Tamias cinereicollis 
Eastern gray squirrel  Sciurus carolinensis
Fox squirrel  S. niger
Northern flying squirrel  Glaucomys sabrinus
Southern flying squirrel Glaucomys volans
Bailey’s pocket mouse  Perognathus baileyi 
Hispid pocket mouse  Chaetodipus hispidus
Ord kangaroo rat Dipodomys ordi
Merriam kangaroo rat  D. merriami
Western harvest mouse  Reithrodontomys megalotis
Fulvous harvest mouse R. fulvescens
Deer mouse  Peromyscus maniculatus
White-footed mouse  P. leucopus
Cotton mouse P. gossypinus
Pinyon mouse  P. truei
Golden mouse Ochrotomys nuttalli
Northern grasshopper mouse  O. leucogaster 
Southern grasshopper mouse  O. torridus
Eastern woodrat Neotoma floridana
White-throated woodrat  N. albigula
Mexican woodrat N. mexicana
Hispid cotton rat  Sigmodon hispidus



Red-bellied woodpecker Melanerpes carolinus
Red-headed woodpecker M. erythrocephalus
Hairy woodpecker  Picoides villosus
Downy woodpecker P. pubescens
Red-cockaded woodpecker P. borealis
Violet-green swallow Tachycineta thalassima
Great-crested flycatcher  Myiarchus crinitus
Eastern wood-pewee Contopus virens
Acadian flycatcher Empidonax virescens
Olive-sided flycatcher Contopus cooperi
Black-capped chickadee Poecile atricapillus
Carolina chickadee P. carolinensis
Mountain chickadee P. gambeli
Tufted titmouse Baeolophus bicolor
White-breasted nuthatch Sitta carolinensis 
Brown-headed nuthatch  S. pusilla
Pygmy nuthatch  S. pygmaea
Carolina wren Thryothorus ludovicianus
Marsh wren  Cistothorus palustris 
Sedge wren  C. platensis
American robin  Turdus migratorius 
Wood thrush Hylocichla mustelina
Eastern bluebird Sialia sialis
Western bluebird  S. mexicana 
Loggerhead shrike  Lanius ludovicianus
White-eyed vireo  Vireo griseus
Yellow-throated vireo V. flavifrons
Red-eyed vireo V. olivaceus
Worm-eating warbler Helmitheros vermivorum
Pine warbler Setophaga pinus
Kirtland’s warbler  S. kirtlandii
Prairie warbler S. discolor
Hooded warbler S. citrina
Ovenbird Seiurus aurocapilla
Kentucky warbler Geothlypis formosa
Common yellowthroat  G. trichas 
Yellow-breasted chat Icteria virens
Eastern meadowlark Sturnella magna
Scarlet tanager Piranga olivacea
Summer tanager P. rubra
Northern cardinal Cardinalis cardinalis
Blue grosbeak Passerina caerulea
Indigo bunting  P. cyanea
Grasshopper sparrow Ammodramus savannarum
Seaside sparrow  A. maritimus 
Cape Sable seaside sparrow  A. m. mirabilis
Louisiana seaside sparrow  A. m. fisheri
Northern seaside sparrow  A. m. maritimus
Nelson’s sharp-tailed sparrow  A. nelson 
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Southern red-backed vole  Clethrionomys gapperi
House mouse Mus musculus
Meadow vole  Microtus pennsylvanicus
Snowshoe hare  Lepus americanus 
Eastern cottontail  Sylvilagus floridanus
Nuttall’s cottontail  S. nuttallii
Pygmy rabbit  Brachylagus idahoensis 
Elk  Cervus elaphus 
White-tailed deer  Odocoileus virginianus
Mule deer O. hemionus
Moose  Alces alces
Pronghorn Antilocapra americanus
Bison Bison bison 
Bighorn sheep  Ovis canadensis
Mountain caribou Rangifer tarandus caribou
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62. 417.3/sq mi Deltona-Daytona Beach-Ormond Beach, FL / 597,824
63. 415.0/sq mi Greenville-Mauldin-Easley, SC / 842,817
64. 414.1/sq mi Sacramento-Arden-Arcade-Roseville, CA / 2,197,422
65. 412.2/sq mi Boulder, CO / 305,166
66. 412.1/sq mi Canton-Massillon, OH / 403,629
67. 409.8/sq mi Atlantic City, NJ / 275,325
68. 402.8/sq mi Poughkeepsie-Newburgh-Middletown, NY / 670,301
69. 394.8/sq mi Claremont, NH / 217,906
70. 387.0/sq mi Spartanburg, SC / 317,057
71. 378.5/sq mi Oxnard-Thousand Oaks-Ventura, CA / 835,790
72. 377.9/sq mi Salisbury, MD / 381,868
73. 373.4/sq mi Jacksonville, FL / 1,380,995
74. 372.9/sq mi Lebanon, PA / 135,184
75. 364.3/sq mi Greensboro-High Point, NC / 735,777
76. 356.0/sq mi Fayetteville, NC / 374,036
77. 355.2/sq mi Norwich-New London, CT / 274,071
78. 353.6/sq mi Burlington, NC / 153,713
79. 352.5/sq mi Palm Bay-Melbourne-Titusville, FL / 548,891
80. 348.5/sq mi Grand Rapids-Wyoming, MI / 1,007,329
81. 347.4/sq mi Carson City, NV / 54,634
82. 345.2/sq mi Modesto, CA / 522,794
83. 341.1/sq mi Springfield, OH / 137,303
84. 335.5/sq mi Portland-Vancouver-Hillsboro, OR-WA / 2,288,796
85. 335.3/sq mi Olympia, WA / 259,330
86. 333.6/sq mi Harrisburg-Carlisle, PA / 555,154
87. 329.2/sq mi Springfield, MA / 626,775
88. 328.9/sq mi South Bend-Mishawaka, IN-MI / 318,917
89. 326.1/sq mi Lexington-Fayette, KY / 483,997
90. 325.2/sq mi Brownsville-Harlingen, TX / 415,103
91. 322.7/sq mi Ogden-Clearfield, UT / 614,521
92. 320.5/sq mi Youngstown-Warren-Boardman, OH-PA / 559,144
93. 316.8/sq mi Scranton-Wilkes-Barre, PA / 562,644
94. 316.3/sq mi St. Louis, MO-IL / 2,797,737
95. 315.7/sq mi Myrtle Beach-Conway-North Myrtle Beach, SC / 396,187
96. 315.5/sq mi Denver-Aurora, CO / 2,651,392
97. 308.5/sq mi Fort Wayne, IN / 422,029
98. 307.0/sq mi Lakeland, FL / 617,323
99. 304.2/sq mi Albany-Schenectady-Troy, NY / 875,567
100. 303.8/sq mi San Antonio-New Braunfels, TX / 2,239,222
101. 303.1/sq mi Huntsville, AL / 430,396
102. 300.9/sq mi Port St. Lucie, FL / 433,646
103. 300.3/sq mi Nashville-Davidson-Murfreesboro-Franklin, TN / 1,730,515
104. 299.6/sq mi Spokane, WA / 533,456
105. 298.7/sq mi Louisville/Jefferson County, KY-IN / 1,253,305
106. 297.1/sq mi Phoenix-Mesa-Glendale, AZ / 4,337,542
107. 296.6/sq mi Muncie, IN / 117,441
108. 291.1/sq mi Oshkosh-Neenah, WI / 168,413
109. 290.6/sq mi Anderson, IN / 131,636
110. 289.6/sq mi Durham, NC / 525,050
111. 287.3/sq mi Thomasville-Lexington, NC / 162,878
112. 286.1/sq mi London, KY / 126,949
113. 284.5/sq mi Memphis, TN-MS-AR / 1,337,014
114. 278.2/sq mi Santa Rosa-Petaluma, CA / 491,790
115. 275.7/sq mi Toledo, OH / 608,847
116. 272.7/sq mi East Stroudsburg, PA / 168,342
117. 272.4/sq mi Lansing-East Lansing, MI / 467,122
118. 267.1/sq mi Statesville-Mooresville, NC / 159,437
119. 264.3/sq mi Salisbury, NC / 138,428
120. 259.5/sq mi Lima, OH / 105,562
121. 256.7/sq mi Kansas City, MO-KS / 2,040,869
122. 254.9/sq mi Lincolnton, NC / 78,265
123. 251.9/sq mi Mobile, AL / 414,045
124. 251.6/sq mi Hagerstown-Martinsburg, MD-WV / 256,237
125. 251.4/sq mi Chattanooga, TN-GA / 537,397
126. 248.9/sq mi Colorado Springs, CO / 669,070
127. 248.6/sq mi Las Vegas-Paradise, NV / 2,003,613
128. 247.7/sq mi New Castle, PA / 89,859
129. 247.1/sq mi Anderson, SC / 187,126
130. 246.2/sq mi Racine, WI / 195,039
131. 245.6/sq mi Mansfield, OH / 122,813
132. 242.6/sq mi Waco, TX / 257,241
133. 242.3/sq mi Saginaw-Saginaw Township North, MI / 197,727
134. 240.4/sq mi Altoona, PA / 126,708
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135. 240.0/sq mi Auburn-Opelika, AL / 147,790
136. 239.6/sq mi Lawrence, KS / 113,703
137. 238.3/sq mi Syracuse, NY / 662,236
138. 232.5/sq mi Oklahoma City, OK / 1,297,998
139. 232.3/sq mi Vineland-Millville-Bridgeton, NJ / 157,429
140. 231.8/sq mi Johnson City, TN / 200,271
141. 230.1/sq mi Savannah, GA / 361,161
142. 228.4/sq mi Sebastian-Vero Beach, FL / 140,918
143. 228.1/sq mi Sanford, NC / 59,096
144. 228.1/sq mi Crestview-Fort Walton Beach-Destin, FL / 246,805
145. 227.1/sq mi Willimantic, CT / 118,428
146. 226.1/sq mi Tyler, TX / 214,735
147. 225.7/sq mi Pensacola-Ferry Pass-Brent, FL / 462,339
148. 223.5/sq mi Dalton, GA / 142,548
149. 222.8/sq mi Goldsboro, NC / 124,093
150. 222.3/sq mi Rochester, NY / 1,082,578
151. 221.8/sq mi Monroe, MI / 150,851
152. 221.4/sq mi Madison, WI / 620,368
153. 221.0/sq mi Jackson, MI / 159,927
154. 221.0/sq mi Janesville, WI / 160,465
155. 220.4/sq mi Charleston-North Charleston, SC / 697,281
156. 219.5/sq mi Appleton, WI / 228,641
157. 218.4/sq mi Lincoln, NE / 310,665
158. 218.4/sq mi Hickory-Lenoir-Morganton, NC / 363,936
159. 218.1/sq mi Wilson, NC / 81,499
160. 216.2/sq mi Lewiston-Auburn, ME / 107,470
161. 215.9/sq mi Elmira, NY / 88,681
162. 212.2/sq mi Asheville, NC / 433,204
163. 211.5/sq mi Birmingham-Hoover, AL / 1,135,534
164. 211.3/sq mi Richmond, VA / 1,234,058
165. 210.7/sq mi Carbondale, IL / 126,933
166. 210.4/sq mi Steubenville-Weirton, OH-WV / 124,454
167. 209.9/sq mi Ithaca, NY / 103,179
168. 209.8/sq mi Dover, DE / 167,477
169. 208.1/sq mi Shelby, NC / 97,464
170. 206.5/sq mi Wooster, OH / 114,978
171. 205.5/sq mi Huntington-Ashland, WV-KY-OH / 364,514
172. 205.0/sq mi Salem, OR / 396,912
173. 204.8/sq mi Greenwood, SC / 94,808
174. 204.7/sq mi Columbia, SC / 784,698
175. 204.4/sq mi Beckley, WV / 124,536
176. 203.0/sq mi Johnstown, PA / 140,835
177. 202.9/sq mi Gainesville, FL / 268,707
178. 202.9/sq mi Des Moines-West Des Moines, IA / 590,741
179. 202.5/sq mi Dunn, NC / 121,789
180. 201.9/sq mi Jacksonville, NC / 182,921
181. 201.7/sq mi East Liverpool-Salem, OH / 107,841
182. 201.4/sq mi Ocala, FL / 334,771
183. 201.3/sq mi Binghamton, NY / 249,261
184. 201.1/sq mi Omaha-Council Bluffs, NE-IA / 886,157
185. 198.5/sq mi Torrington, CT / 187,542
186. 197.8/sq mi Kalamazoo-Portage, MI / 330,439
187. 197.5/sq mi Sunbury, PA / 94,294
188. 196.1/sq mi Chambersburg, PA / 151,517
189. 194.7/sq mi Gettysburg, PA / 101,566
190. 193.3/sq mi Baton Rouge, LA / 814,805
191. 192.0/sq mi Columbus, IN / 78,628
192. 191.7/sq mi Gulfport-Biloxi, MS / 378,972
193. 191.4/sq mi Anniston-Oxford, AL / 117,186
194. 190.1/sq mi Punta Gorda, FL / 163,151
195. 189.8/sq mi Gadsden, AL / 104,126
196. 189.7/sq mi Bowling Green, KY / 162,322
197. 189.6/sq mi Athens-Clarke County, GA / 196,287
198. 188.1/sq mi Battle Creek, MI / 135,150
199. 188.0/sq mi Pottsville, PA / 147,146
200. 187.5/sq mi Decatur, IL / 109,833
201. 187.2/sq mi Greenville, NC / 172,438
202. 185.4/sq mi Rome, GA / 96,146
203. 183.0/sq mi Fort Valley, GA / 27,695
204. 182.7/sq mi Panama City-Lynn Haven, FL / 188,769
205. 182.2/sq mi Corpus Christi, TX / 437,528
206. 182.0/sq mi Fairmont, WV / 56,698
207. 181.5/sq mi Michigan City-La Porte, IN / 111,293
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208. 181.4/sq mi Portland-South Portland-Biddeford, ME / 518,387
209. 180.7/sq mi Homosassa Springs, FL / 139,771
210. 179.8/sq mi Erie, PA / 280,132
211. 178.9/sq mi The Villages, FL / 103,708
212. 178.5/sq mi Whitewater, WI / 102,920
213. 177.3/sq mi Springfield, IL / 211,466
214. 176.6/sq mi Napa, CA / 139,253
215. 173.1/sq mi Augusta-Richmond County, GA-SC / 575,669
216. 171.0/sq mi Frankfort, KY / 71,173
217. 170.7/sq mi Little Rock-North Little Rock-Conway, AR / 716,849
218. 169.8/sq mi Bay City, MI / 107,074
219. 169.4/sq mi Beaumont-Port Arthur, TX / 404,741
220. 169.1/sq mi Richmond, IN / 68,360
221. 168.9/sq mi Elizabethtown, KY / 150,917
222. 168.7/sq mi Martinsville, VA / 66,705
223. 167.9/sq mi Midland, TX / 151,483
224. 167.6/sq mi Palm Coast, FL / 95,696
225. 167.1/sq mi Marion, IN / 69,313
226. 166.8/sq mi Henderson, NC / 44,998
227. 165.7/sq mi Lubbock, TX / 298,578
228. 165.6/sq mi Boone, NC / 51,903
229. 165.4/sq mi Kankakee-Bradley, IL / 112,682
230. 165.1/sq mi Blacksburg-Christiansburg-Radford, VA / 179,908
231. 165.1/sq mi Davenport-Moline-Rock Island, IA-IL / 381,913
232. 165.0/sq mi Shreveport-Bossier City, LA / 445,305
233. 164.8/sq mi Barnstable Town, MA / 215,167
234. 164.8/sq mi Seaford, DE / 197,145
235. 164.5/sq mi Los Alamos, NM / 17,974
236. 163.9/sq mi Roanoke, VA / 310,934
237. 163.7/sq mi Marion, OH / 66,171
238. 162.1/sq mi New Philadelphia-Dover, OH / 92,616
239. 161.7/sq mi Holland-Grand Haven, MI / 263,801
240. 160.9/sq mi New Orleans-Metairie-Kenner, LA / 1,226,440
241. 160.7/sq mi Odessa, TX / 144,932
242. 160.3/sq mi Ames, IA / 91,939
243. 158.5/sq mi Riverside-San Bernardino-Ontario, CA / 4,345,485
244. 158.4/sq mi Midland, MI / 83,620
245. 158.0/sq mi Sumter, SC / 107,782
246. 157.8/sq mi Fresno, CA / 948,844
247. 157.3/sq mi Columbus, GA-AL / 308,363
248. 157.1/sq mi Lafayette, IN / 201,789
249. 156.4/sq mi Kingston, NY / 181,598
250. 155.5/sq mi Calhoun, GA / 55,666
251. 155.3/sq mi Cornelia, GA / 43,342
252. 155.2/sq mi Ocean City, NJ / 96,286
253. 154.9/sq mi Sevierville, TN / 92,561
254. 154.3/sq mi Dubuque, IA / 95,166
255. 154.2/sq mi Jackson, TN / 130,233
256. 153.6/sq mi Concord, NH / 146,880
257. 153.3/sq mi LaGrange, GA / 68,375
258. 152.6/sq mi Oak Harbor, WA / 78,951
259. 152.2/sq mi Wheeling, WV-OH / 146,465
260. 152.1/sq mi Cleveland, TN / 117,719
261. 152.1/sq mi Wichita, KS / 636,095
262. 151.5/sq mi Jackson, MS / 574,998
263. 151.5/sq mi Tifton, GA / 40,721
264. 151.0/sq mi Albertville, AL / 94,121
265. 151.0/sq mi Peoria, IL / 380,241
266. 150.8/sq mi Kingsport-Bristol-Bristol, TN-VA / 308,800
267. 150.8/sq mi Hammond, LA / 124,125
268. 150.5/sq mi Florence, SC / 206,219
269. 150.4/sq mi Fayetteville-Springdale-Rogers, AR-MO / 483,396
270. 149.6/sq mi Albemarle, NC / 60,553
271. 149.5/sq mi Kokomo, IN / 82,914
272. 149.3/sq mi Marion-Herrin, IL / 66,357
273. 147.7/sq mi Tulsa, OK / 954,055
274. 147.2/sq mi Springfield, MO / 444,728
275. 147.2/sq mi Harrisonburg, VA / 128,166
276. 146.7/sq mi Kinston, NC / 59,095
277. 146.2/sq mi Killeen-Temple-Fort Hood, TX / 417,887
278. 145.1/sq mi Morristown, TN / 115,029
279. 145.1/sq mi Naples-Marco Island, FL / 334,474
280. 144.8/sq mi Fremont, OH / 60,498
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281. 144.7/sq mi Farmington, MO / 65,813
282. 144.7/sq mi Columbia, MO / 168,268
283. 144.5/sq mi Watertown-Fort Atkinson, WI / 84,201
284. 143.8/sq mi Rocky Mount, NC / 150,953
285. 143.4/sq mi Tallahassee, FL / 373,097
286. 142.9/sq mi Bloomington-Normal, IL / 169,572
287. 142.0/sq mi Burlington-South Burlington, VT / 213,891
288. 141.9/sq mi Lumberton, NC / 134,913
289. 141.5/sq mi Lewisburg, PA / 44,955
290. 141.1/sq mi Findlay, OH / 75,290
291. 140.4/sq mi State College, PA / 156,240
292. 140.3/sq mi Warsaw, IN / 77,790
293. 140.3/sq mi Gaffney, SC / 55,707
294. 139.7/sq mi Toccoa, GA / 25,741
295. 138.6/sq mi Joplin, MO / 175,679
296. 138.1/sq mi Lancaster, SC / 76,652
297. 137.6/sq mi Lexington Park, MD / 105,151
298. 137.5/sq mi Bloomsburg-Berwick, PA / 85,564
299. 137.4/sq mi Pittsfield, MA / 130,064
300. 137.2/sq mi Harriman, TN / 54,181
301. 136.8/sq mi Mount Airy, NC / 73,391
302. 134.7/sq mi Montgomery, AL / 375,225
303. 134.6/sq mi Richmond-Berea, KY / 102,450
304. 134.6/sq mi Charlottesville, VA / 223,063
305. 134.3/sq mi Yuba City, CA / 168,126
306. 134.2/sq mi Cumberland, MD-WV / 101,888
307. 133.5/sq mi Evansville, IN-KY / 313,450
308. 133.5/sq mi Macon, GA / 231,956
309. 132.9/sq mi Iowa City, IA / 158,708
310. 132.8/sq mi Fond du Lac, WI / 101,709
311. 132.2/sq mi Merced, CA / 261,609
312. 132.2/sq mi Cedartown, GA / 41,250
313. 132.1/sq mi Chico, CA / 221,578
314. 131.8/sq mi Morgantown, WV / 134,052
315. 131.8/sq mi Hot Springs, AR / 96,804
316. 131.5/sq mi Columbia, TN / 80,956
317. 130.4/sq mi Adrian, MI / 99,257
318. 129.4/sq mi Cedar Rapids, IA / 261,429
319. 129.0/sq mi La Crosse, WI-MN / 135,329
320. 128.6/sq mi Laconia, NH / 60,252
321. 128.6/sq mi Owosso, MI / 69,553
322. 127.8/sq mi Zanesville, OH / 85,947
323. 127.7/sq mi Augusta-Waterville, ME / 121,507
324. 127.7/sq mi Rochester, MN / 210,004
325. 127.5/sq mi Athens, OH / 64,840
326. 127.4/sq mi Portsmouth, OH / 78,520
327. 126.8/sq mi Corvallis, OR / 86,034
328. 125.7/sq mi Faribault-Northfield, MN / 64,829
329. 125.5/sq mi Scottsburg, IN / 24,181
330. 125.0/sq mi Southern Pines-Pinehurst, NC / 88,247
331. 124.7/sq mi New Castle, IN / 49,227
332. 124.7/sq mi Ashland, OH / 53,202
333. 124.6/sq mi Sherman-Denison, TX / 121,975
334. 124.3/sq mi Owensboro, KY / 115,795
335. 122.6/sq mi Winchester, VA-WV / 131,082
336. 122.2/sq mi Talladega-Sylacauga, AL / 92,920
337. 122.1/sq mi Sandusky, OH / 76,416
338. 122.1/sq mi Mount Pleasant, MI / 70,506
339. 122.0/sq mi Culpeper, VA / 46,689
340. 122.0/sq mi Champaign-Urbana, IL / 234,672
341. 121.7/sq mi Amsterdam, NY / 49,951
342. 121.6/sq mi Lawton, OK / 131,804
343. 121.5/sq mi Bartlesville, OK / 51,564
344. 121.3/sq mi Athens, TN / 52,409
345. 120.8/sq mi Bloomington, IN / 162,422
346. 120.8/sq mi Clarksville, TN-KY / 270,751
347. 120.5/sq mi Batavia, NY / 59,702
348. 120.4/sq mi Selinsgrove, PA / 39,922
349. 120.0/sq mi Longview, TX / 216,746
350. 119.9/sq mi Hilton Head Island-Beaufort, SC / 194,495
351. 119.7/sq mi Sidney, OH / 49,165
352. 119.6/sq mi Norwalk, OH / 59,186
353. 119.0/sq mi Lynchburg, VA / 255,440
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354. 118.7/sq mi Forest City, NC / 67,181
355. 118.3/sq mi Staunton-Waynesboro, VA / 119,016
356. 118.2/sq mi Fort Collins-Loveland, CO / 311,435
357. 117.3/sq mi Muskegon-Norton Shores, MI / 171,328
358. 117.1/sq mi Sturgis, MI / 60,998
359. 116.7/sq mi Decatur, AL / 153,579
360. 116.3/sq mi Auburn, IN / 42,321
361. 116.0/sq mi Terre Haute, IN / 172,240
362. 115.7/sq mi Monroe, LA / 177,908
363. 115.7/sq mi Columbus, MS / 59,736
364. 115.3/sq mi Mount Vernon, OH / 61,063
365. 114.2/sq mi Wilmington, NC / 263,804
366. 114.1/sq mi Wapakoneta, OH / 45,867
367. 113.8/sq mi Kendallville, IN / 47,497
368. 113.2/sq mi Bluefield, WV-VA / 106,492
369. 113.0/sq mi Stillwater, OK / 78,723
370. 112.7/sq mi Salinas, CA / 424,927
371. 112.6/sq mi Salt Lake City, UT / 1,123,643
372. 112.6/sq mi Lewistown, PA / 46,705
373. 112.5/sq mi Laurinburg, NC / 36,034
374. 111.9/sq mi Chillicothe, OH / 77,552
375. 111.9/sq mi Santa Barbara-Santa Maria-Goleta, CA / 423,895
376. 111.5/sq mi Waterloo-Cedar Falls, IA / 168,831
377. 111.3/sq mi Connersville, IN / 23,955
378. 110.8/sq mi Seneca, SC / 74,656
379. 110.3/sq mi College Station-Bryan, TX / 235,316
380. 109.9/sq mi Greeneville, TN / 68,596
381. 109.8/sq mi Utica-Rome, NY / 298,273
382. 109.6/sq mi Florence-Muscle Shoals, AL / 147,271
383. 109.1/sq mi Green Bay, WI / 310,726
384. 108.8/sq mi Hanford-Corcoran, CA / 151,390
385. 108.5/sq mi Coeur d'Alene, ID / 142,783
386. 108.1/sq mi Tucson, AZ / 993,144
387. 106.9/sq mi Bucyrus, OH / 43,036
388. 106.8/sq mi Cullman, AL / 80,668
389. 106.2/sq mi Pascagoula, MS / 162,246
390. 106.0/sq mi Angola, IN / 34,190
391. 105.8/sq mi Indiana, PA / 88,301
392. 105.8/sq mi St. Cloud, MN / 190,708
393. 105.3/sq mi Starkville, MS / 48,639
394. 105.1/sq mi Bakersfield-Delano, CA / 857,730
395. 105.1/sq mi Keene, NH / 76,596
396. 104.6/sq mi Plymouth, IN / 47,032
397. 104.5/sq mi Statesboro, GA / 71,940
398. 104.0/sq mi Huntsville, TX / 83,334
399. 103.4/sq mi Danville, KY / 53,696
400. 103.4/sq mi Danville, VA / 105,659
401. 103.3/sq mi Clarksburg, WV / 94,320
402. 103.0/sq mi Gloversville, NY / 54,870
403. 101.7/sq mi Bedford, IN / 45,970
404. 101.6/sq mi Decatur, IN / 34,533
405. 101.6/sq mi Wilmington, OH / 41,871
406. 101.5/sq mi Tiffin, OH / 56,100
407. 101.3/sq mi Ottumwa, IA / 44,171
408. 101.3/sq mi Truckee-Grass Valley, CA / 98,606
409. 101.1/sq mi Lufkin, TX / 87,433
410. 99.2/sq mi Provo-Orem, UT / 550,774
411. 98.6/sq mi Niles-Benton Harbor, MI / 155,992
412. 98.2/sq mi Cortland, NY / 49,231
413. 97.7/sq mi Beaver Dam, WI / 88,589
414. 97.6/sq mi Bellefontaine, OH / 45,564
415. 97.0/sq mi Eau Claire, WI / 163,658
416. 96.7/sq mi Fort Leonard Wood, MO / 53,343
417. 96.7/sq mi Albuquerque, NM / 899,137
418. 96.5/sq mi Rockingham, NC / 46,317
419. 96.4/sq mi Hudson, NY / 62,525
420. 96.4/sq mi Peru, IN / 36,394
421. 96.2/sq mi Shelbyville, TN / 45,660
422. 95.8/sq mi Texarkana TX-Texarkana, AR / 149,457
423. 95.3/sq mi Huntington, IN / 36,959
424. 94.9/sq mi Granbury, TX / 59,672
425. 94.3/sq mi Daphne-Fairhope-Foley, AL / 191,205
426. 94.0/sq mi Crowley, LA / 61,773





http://www.usa.com/rank/r.php?i=20-forest-city-nc


http://www.usa.com/rank/r.php?i=20-staunton-waynesboro-va


http://www.usa.com/rank/r.php?i=20-fort-collins-loveland-co


http://www.usa.com/rank/r.php?i=20-muskegon-norton-shores-mi


http://www.usa.com/rank/r.php?i=20-sturgis-mi


http://www.usa.com/rank/r.php?i=20-decatur-al


http://www.usa.com/rank/r.php?i=20-auburn-in


http://www.usa.com/rank/r.php?i=20-terre-haute-in


http://www.usa.com/rank/r.php?i=20-monroe-la


http://www.usa.com/rank/r.php?i=20-columbus-ms


http://www.usa.com/rank/r.php?i=20-mount-vernon-oh


http://www.usa.com/rank/r.php?i=20-wilmington-nc


http://www.usa.com/rank/r.php?i=20-wapakoneta-oh


http://www.usa.com/rank/r.php?i=20-kendallville-in


http://www.usa.com/rank/r.php?i=20-bluefield-wv-va


http://www.usa.com/rank/r.php?i=20-stillwater-ok


http://www.usa.com/rank/r.php?i=20-salinas-ca


http://www.usa.com/rank/r.php?i=20-salt-lake-city-ut


http://www.usa.com/rank/r.php?i=20-lewistown-pa


http://www.usa.com/rank/r.php?i=20-laurinburg-nc


http://www.usa.com/rank/r.php?i=20-chillicothe-oh


http://www.usa.com/rank/r.php?i=20-santa-barbara-santa-maria-goleta-ca


http://www.usa.com/rank/r.php?i=20-waterloo-cedar-falls-ia


http://www.usa.com/rank/r.php?i=20-connersville-in


http://www.usa.com/rank/r.php?i=20-seneca-sc


http://www.usa.com/rank/r.php?i=20-college-station-bryan-tx


http://www.usa.com/rank/r.php?i=20-greeneville-tn


http://www.usa.com/rank/r.php?i=20-utica-rome-ny


http://www.usa.com/rank/r.php?i=20-florence-muscle-shoals-al


http://www.usa.com/rank/r.php?i=20-green-bay-wi


http://www.usa.com/rank/r.php?i=20-hanford-corcoran-ca


http://www.usa.com/rank/r.php?i=20-coeur-d-alene-id


http://www.usa.com/rank/r.php?i=20-tucson-az


http://www.usa.com/rank/r.php?i=20-bucyrus-oh


http://www.usa.com/rank/r.php?i=20-cullman-al


http://www.usa.com/rank/r.php?i=20-pascagoula-ms


http://www.usa.com/rank/r.php?i=20-angola-in


http://www.usa.com/rank/r.php?i=20-indiana-pa


http://www.usa.com/rank/r.php?i=20-st-cloud-mn


http://www.usa.com/rank/r.php?i=20-starkville-ms


http://www.usa.com/rank/r.php?i=20-bakersfield-delano-ca


http://www.usa.com/rank/r.php?i=20-keene-nh


http://www.usa.com/rank/r.php?i=20-plymouth-in


http://www.usa.com/rank/r.php?i=20-statesboro-ga


http://www.usa.com/rank/r.php?i=20-huntsville-tx


http://www.usa.com/rank/r.php?i=20-danville-ky


http://www.usa.com/rank/r.php?i=20-danville-va


http://www.usa.com/rank/r.php?i=20-clarksburg-wv


http://www.usa.com/rank/r.php?i=20-gloversville-ny


http://www.usa.com/rank/r.php?i=20-bedford-in


http://www.usa.com/rank/r.php?i=20-decatur-in


http://www.usa.com/rank/r.php?i=20-wilmington-oh


http://www.usa.com/rank/r.php?i=20-tiffin-oh


http://www.usa.com/rank/r.php?i=20-ottumwa-ia


http://www.usa.com/rank/r.php?i=20-truckee-grass-valley-ca


http://www.usa.com/rank/r.php?i=20-lufkin-tx


http://www.usa.com/rank/r.php?i=20-provo-orem-ut


http://www.usa.com/rank/r.php?i=20-niles-benton-harbor-mi


http://www.usa.com/rank/r.php?i=20-cortland-ny


http://www.usa.com/rank/r.php?i=20-beaver-dam-wi


http://www.usa.com/rank/r.php?i=20-bellefontaine-oh


http://www.usa.com/rank/r.php?i=20-eau-claire-wi


http://www.usa.com/rank/r.php?i=20-fort-leonard-wood-mo


http://www.usa.com/rank/r.php?i=20-albuquerque-nm


http://www.usa.com/rank/r.php?i=20-rockingham-nc


http://www.usa.com/rank/r.php?i=20-hudson-ny


http://www.usa.com/rank/r.php?i=20-peru-in


http://www.usa.com/rank/r.php?i=20-shelbyville-tn


http://www.usa.com/rank/r.php?i=20-texarkana-tx-texarkana-ar


http://www.usa.com/rank/r.php?i=20-huntington-in


http://www.usa.com/rank/r.php?i=20-granbury-tx


http://www.usa.com/rank/r.php?i=20-daphne-fairhope-foley-al


http://www.usa.com/rank/r.php?i=20-crowley-la


https://googleads.g.doubleclick.net/dbm/clk?sa=L&ai=Cyzp7hge2Yu_DHdaWtOUPxIOM2AKlq47iaOTZ-em4D96SotDYLxABIKCvxwtgyd7ohsijkBmgAbnatL0CyAEJqAMBqgThAU_Q4uZR-nlgpLY7gAsmgtm9sQQwHODr8RNXG7rTGNkYat6GXjTlPzlbHBAlW7Ad4yjnSh3bpAtYGDcz1z0V0GAoJ_0XEodKD44DyLZPpL9HynhtDkx1d9w9twOF4iuqhguQ-2uQjEpjWlUiY1P9_YThiscX9MMmAJkNlAqtmxzq1nlu1BdUtQDUNiydG-w7cBpiRqtkf1IhDLmNxw0IwyOB-SMYT2oymljkPnhnZD8HAMS0vagRfOkoLdcf_MoTy4vu63zrCn8dH2S6r9grcvlWlPtI16yBlFpkwr5i5wgDKMAE3LKLofMD4AQDkAYBoAZNgAevpcvCAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6SjsQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIEggAEAIYGjIBADoHn8CAgICABIAKAZgLAcgLAYAMAbATpbSLD9ATANgTDdgUAdAVAfgWAYAXAQ&ae=1&num=1&cid=CAMSeQClSFh3G1uVJgB3hBSfzzSOMl6_1tiJu6Px5BfYkH-POeQU8ScJcdwoT20i_AmQjwWxiWQqp7FJhK3PbLisXGZZnBCf8Y8IikeUzbL61aOn8FKm-cRirKl67ZYgKiz-4zUEE2kp9fXEyGxhmpUu0FHPcKwUFEO_lI8&sig=AOD64_2LXiRp0ZolRmL2fKANN2-jcj8umg&client=ca-pub-1187797442630842&dbm_c=AKAmf-C485J_MkJkPc_vskEhkgBSXHx2VKBijJMDhOyAsy32MXntGMzTNmlJjG0LcGkOg4k_d0AwaEE1jE-bpdGXmR3Px93JrYsqzYudzzj3LUgmuZW4AxRjSmFqiSBBgDD0YUGEkWE5WBTduE0j5e_W_kJhrOhuRw&cry=1&dbm_d=AKAmf-BWuX3kmWhx3AYxnCi79u4G2H_eD7QsGNNW1hMQd4PR5BmWt9HVe4jpTamH_Z5P6yw45d82Ng4Fntp_JLDlCed-4-Iv9p0pGVRLORUA-MnsOhksD2lJJLv78AH-w1dHZw5_kaF1OLUTvg7sdQb-FwjtNW_32N0YR80O_rOqEZPTgOApJW7GumDqCmpvJtt7sR03hDHiYIA9VroCvBmV1dq8pzL-GoSzusbHEWynYHFQ-S9BPdgHpqV4DR6XdZqsr5jGKKQXYljmd-rBw2ueIkl4WFhE3mmlhsyurQx1dFESUunvr9Lyl5lj9Qlkae-miC0UnfiYhbQVw6G7W4YqFc81oJz5rnvev45rkJAOMrySUkxV4wXXtEihaqQI0RpDMZTM8Y94NW9IojVU28sWpXiTAqiR11CC-UBsvxddlTx2-tdnvP-ClJXuwIaLkDG0aQbbo3IzibC_Jv8tj77Z2YLNkq8BUaDX53QHqrqfnxTduwTUVAIZ1cy7GTFnXbszDmeD56fd&adurl=https://servedby.flashtalking.com/click/8/148868;6439841;3858100;211;0/?ft_impID=21AC801E-856B-080C-048B-18FE4E6AC523&us_privacy=!!US_PRIVACY!&g=528881ABBFB257&random=662429907&ft_width=728&ft_height=90&url=https://www.grainger.com/?N:N:DS:Paid:DV360:CSM-5134:FRB0UY:20221231:APZ_1








427. 93.8/sq mi Williamsport, PA / 116,676
428. 93.8/sq mi Somerset, KY / 63,505
429. 93.7/sq mi Defiance, OH / 38,795
430. 93.4/sq mi Logansport, IN / 38,730
431. 93.3/sq mi Vicksburg, MS / 57,687
432. 93.2/sq mi Visalia-Porterville, CA / 451,108
433. 92.9/sq mi Corinth, MS / 37,279
434. 92.6/sq mi Tupelo, MS / 138,377
435. 92.5/sq mi Murray, KY / 37,981
436. 92.4/sq mi Cookeville, TN / 106,901
437. 92.3/sq mi Marshfield-Wisconsin Rapids, WI / 74,749
438. 92.2/sq mi Urbana, OH / 39,628
439. 92.1/sq mi Sioux Falls, SD / 238,294
440. 92.0/sq mi Auburn, NY / 79,481
441. 91.9/sq mi Sikeston, MO / 39,137
442. 91.9/sq mi McMinnville, TN / 39,867
443. 91.3/sq mi Fort Payne, AL / 71,109
444. 91.3/sq mi North Wilkesboro, NC / 69,093
445. 90.6/sq mi Sheboygan, WI / 115,168
446. 90.5/sq mi Campbellsville, KY / 25,059
447. 90.3/sq mi Hattiesburg, MS / 146,370
448. 90.2/sq mi Seneca Falls, NY / 35,232
449. 89.6/sq mi Danville, IL / 80,773
450. 89.4/sq mi Madison, IN / 32,447
451. 89.1/sq mi Shawnee, OK / 70,700
452. 89.0/sq mi Jamestown-Dunkirk-Fredonia, NY / 133,556
453. 88.9/sq mi Opelousas-Eunice, LA / 83,518
454. 88.8/sq mi Sebring, FL / 98,261
455. 88.5/sq mi Palatka, FL / 73,191
456. 88.4/sq mi Charleston, WV / 225,248
457. 88.2/sq mi Tullahoma, TN / 100,568
458. 88.1/sq mi Kennewick-Richland-Pasco, WA / 266,561
459. 87.6/sq mi Tuscaloosa, AL / 233,692
460. 87.6/sq mi Greenville, OH / 52,537
461. 87.6/sq mi Valdosta, GA / 142,655
462. 87.5/sq mi Longview, WA / 102,072
463. 87.4/sq mi Paducah, KY-IL / 98,410
464. 86.6/sq mi Brevard, NC / 32,943
465. 86.2/sq mi Celina, OH / 40,789
466. 85.6/sq mi Wausau, WI / 134,886
467. 85.5/sq mi Stevens Point, WI / 70,337
468. 85.3/sq mi Barre, VT / 59,333
469. 85.1/sq mi Dothan, AL / 147,165
470. 84.6/sq mi Meadville, PA / 87,801
471. 84.6/sq mi Coldwater, MI / 43,965
472. 84.4/sq mi Lake City, FL / 67,662
473. 84.4/sq mi Owatonna, MN / 36,472
474. 84.2/sq mi Madisonville, KY / 46,684
475. 84.1/sq mi Jonesboro, AR / 124,194
476. 84.0/sq mi Muskogee, OK / 70,519
477. 83.9/sq mi Seymour, IN / 43,127
478. 83.3/sq mi Crossville, TN / 57,064
479. 83.3/sq mi Cordele, GA / 23,403
480. 83.3/sq mi Freeport, IL / 47,053
481. 83.1/sq mi Athens, TX / 78,836
482. 82.8/sq mi Sterling, IL / 57,680
483. 82.6/sq mi Moultrie, GA / 45,987
484. 82.4/sq mi Lewisburg, TN / 30,977
485. 82.3/sq mi Humboldt, TN / 49,683
486. 81.8/sq mi Bellingham, WA / 204,855
487. 81.7/sq mi La Follette, TN / 40,716
488. 81.5/sq mi Thomaston, GA / 26,681
489. 81.4/sq mi Frankfort, IN / 32,987
490. 81.3/sq mi Summerville, GA / 25,484
491. 81.0/sq mi Thomasville, GA / 44,733
492. 80.9/sq mi Orangeburg, SC / 91,262
493. 80.6/sq mi Sioux City, IA-NE-SD / 168,824
494. 80.1/sq mi Corbin, KY / 35,637
495. 80.0/sq mi Albany, GA / 156,706
496. 80.0/sq mi Newport, TN / 35,453
497. 79.9/sq mi Hinesville-Fort Stewart, GA / 80,456
498. 79.9/sq mi Winona, MN / 51,285
499. 79.5/sq mi Easton, MD / 37,894
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500. 79.5/sq mi Oil City, PA / 54,265
501. 79.2/sq mi Mankato-North Mankato, MN / 97,643
502. 78.9/sq mi Dillon, SC / 32,062
503. 78.2/sq mi Middlesborough, KY / 28,234
504. 77.4/sq mi Fargo, ND-MN / 218,290
505. 77.2/sq mi Wabash, IN / 32,492
506. 76.9/sq mi Laredo, TX / 259,471
507. 76.6/sq mi Santa Fe, NM / 146,361
508. 76.4/sq mi Mount Pleasant, TX / 32,540
509. 76.3/sq mi Alexandria, LA / 154,562
510. 76.2/sq mi St. Joseph, MO-KS / 127,637
511. 75.8/sq mi San Luis Obispo-Paso Robles, CA / 274,184
512. 75.7/sq mi Big Rapids, MI / 43,226
513. 75.5/sq mi Crawfordsville, IN / 38,183
514. 75.4/sq mi Charleston-Mattoon, IL / 64,605
515. 75.3/sq mi Cambridge, OH / 39,794
516. 75.1/sq mi Eugene-Springfield, OR / 354,764
517. 75.1/sq mi Searcy, AR / 78,275
518. 74.6/sq mi North Vernon, IN / 28,223
519. 74.1/sq mi Paragould, AR / 42,970
520. 74.0/sq mi Ocean Pines, MD / 51,454
521. 74.0/sq mi Oxford, MS / 50,256
522. 73.9/sq mi Baraboo, WI / 62,681
523. 73.7/sq mi Medford, OR / 206,583
524. 73.6/sq mi Washington, IN / 32,156
525. 73.6/sq mi Milledgeville, GA / 54,897
526. 73.6/sq mi Alma, MI / 42,057
527. 73.4/sq mi Ashtabula, OH / 100,346
528. 73.2/sq mi Plattsburgh, NY / 81,829
529. 73.1/sq mi Marshall, TX / 66,971
530. 72.9/sq mi Vincennes, IN / 38,181
531. 72.8/sq mi Branson, MO / 84,679
532. 72.5/sq mi Dyersburg, TN / 38,156
533. 72.2/sq mi Glens Falls, NY / 128,298
534. 71.6/sq mi Hutchinson, MN / 36,172
535. 71.4/sq mi Effingham, IL / 34,280
536. 71.4/sq mi Marshalltown, IA / 40,922
537. 71.2/sq mi Somerset, PA / 77,011
538. 71.2/sq mi Topeka, KS / 234,195
539. 71.1/sq mi New Iberia, LA / 73,240
540. 70.9/sq mi Washington Court House, OH / 28,875
541. 70.8/sq mi Madera, CA / 152,452
542. 70.7/sq mi Jasper, IN / 54,903
543. 70.7/sq mi Brunswick, GA / 113,572
544. 70.6/sq mi DuBois, PA / 81,472
545. 70.5/sq mi New Bern, NC / 127,820
546. 70.4/sq mi Corning, NY / 98,917
547. 70.1/sq mi Mountain Home, AR / 41,154
548. 70.0/sq mi Logan, UT-ID / 128,807
549. 69.9/sq mi Greensburg, IN / 26,112
550. 69.8/sq mi Amarillo, TX / 257,038
551. 69.7/sq mi Ottawa-Streator, IL / 152,954
552. 69.7/sq mi Van Wert, OH / 28,612
553. 69.2/sq mi Rochelle, IL / 52,782
554. 69.1/sq mi Bogalusa, LA / 46,723
555. 68.9/sq mi Oak Hill, WV / 46,039
556. 68.8/sq mi Elizabeth City, NC / 63,867
557. 68.5/sq mi Clinton, IA / 48,663
558. 68.5/sq mi Fort Smith, AR-OK / 280,394
559. 68.1/sq mi Lawrenceburg, TN / 42,084
560. 67.7/sq mi Fremont, NE / 36,742
561. 67.6/sq mi Centralia, IL / 38,922
562. 67.5/sq mi Picayune, MS / 55,293
563. 67.3/sq mi Mayfield, KY / 37,451
564. 67.0/sq mi Pueblo, CO / 160,757
565. 67.0/sq mi Minden, LA / 41,207
566. 66.9/sq mi Rolla, MO / 45,091
567. 66.7/sq mi Parkersburg-Marietta-Vienna, WV-OH / 92,405
568. 66.6/sq mi Glasgow, KY / 52,716
569. 66.6/sq mi Cape Girardeau-Jackson, MO-IL / 97,246
570. 66.6/sq mi Nacogdoches, TX / 65,322
571. 66.5/sq mi Lake Charles, LA / 201,656
572. 66.2/sq mi Kahului-Wailuku, HI / 158,887
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573. 66.2/sq mi Miami, OK / 32,086
574. 66.0/sq mi Jefferson City, MO / 150,440
575. 66.0/sq mi Pittsburg, KS / 39,277
576. 66.0/sq mi Greeley, CO / 265,066
577. 65.7/sq mi Greenville, MS / 50,038
578. 65.7/sq mi Central City, KY / 31,499
579. 65.6/sq mi Mount Sterling, KY / 45,190
580. 65.5/sq mi St. Marys, GA / 51,193
581. 64.8/sq mi Coshocton, OH / 36,768
582. 64.7/sq mi Warrensburg, MO / 53,879
583. 64.4/sq mi Rutland, VT / 60,864
584. 64.4/sq mi Harrisburg, IL / 24,913
585. 64.2/sq mi Pierre Part, LA / 23,421
586. 64.0/sq mi Watertown-Fort Drum, NY / 118,885
587. 63.9/sq mi Gardnerville Ranchos, NV / 47,135
588. 63.8/sq mi Reno-Sparks, NV / 433,919
589. 63.3/sq mi Point Pleasant, WV-OH / 57,970
590. 63.0/sq mi Monroe, WI / 36,842
591. 61.7/sq mi Laurel, MS / 84,960
592. 61.7/sq mi Tahlequah, OK / 47,860
593. 61.6/sq mi Mount Vernon-Anacortes, WA / 118,364
594. 61.5/sq mi Sedalia, MO / 42,213
595. 61.5/sq mi Poplar Bluff, MO / 42,957
596. 60.8/sq mi Oneonta, NY / 61,778
597. 60.8/sq mi Allegan, MI / 111,408
598. 60.6/sq mi Abilene, TX / 167,171
599. 60.0/sq mi Olean, NY / 79,397
600. 59.6/sq mi Martin, TN / 34,699
601. 59.6/sq mi St. George, UT / 144,844
602. 59.4/sq mi Red Wing, MN / 46,336
603. 59.2/sq mi Brookhaven, MS / 34,824
604. 58.9/sq mi Vidalia, GA / 36,272
605. 58.9/sq mi Houma-Bayou Cane-Thibodaux, LA / 209,402
606. 58.6/sq mi Roanoke Rapids, NC / 75,113
607. 58.4/sq mi Fort Madison-Keokuk, IA-MO / 61,361
608. 58.4/sq mi Pella, IA / 33,309
609. 58.4/sq mi Georgetown, SC / 60,389
610. 58.3/sq mi Bennettsville, SC / 28,294
611. 58.2/sq mi Enid, OK / 61,663
612. 58.1/sq mi Newberry, SC / 37,593
613. 58.1/sq mi Kennett, MO / 31,778
614. 57.8/sq mi Shelton, WA / 60,728
615. 57.4/sq mi Burlington, IA-IL / 47,339
616. 57.2/sq mi Yakima, WA / 246,402
617. 56.5/sq mi Chester, SC / 33,140
618. 56.5/sq mi Valley, AL / 34,091
619. 56.5/sq mi Wichita Falls, TX / 151,202
620. 56.1/sq mi Union, SC / 28,961
621. 55.9/sq mi Quincy, IL-MO / 77,289
622. 55.8/sq mi Las Cruces, NM / 212,942
623. 55.8/sq mi Americus, GA / 36,858
624. 55.2/sq mi Austin, MN / 39,312
625. 54.9/sq mi Macomb, IL / 32,388
626. 54.7/sq mi Brenham, TX / 34,039
627. 54.4/sq mi Arcadia, FL / 34,785
628. 54.4/sq mi Paris, TN / 32,279
629. 54.3/sq mi Kapaa, HI / 68,745
630. 54.2/sq mi Bennington, VT / 36,739
631. 54.1/sq mi Manitowoc, WI / 80,805
632. 54.1/sq mi Boise City-Nampa, ID / 639,616
633. 53.9/sq mi Palestine, TX / 58,084
634. 53.8/sq mi Sayre, PA / 62,510
635. 53.4/sq mi Bend, OR / 163,141
636. 53.3/sq mi Paris, TX / 49,704
637. 53.1/sq mi Coffeyville, KS / 34,602
638. 52.5/sq mi Mason City, IA / 51,274
639. 52.2/sq mi Ada, OK / 37,873
640. 52.1/sq mi Fort Dodge, IA / 37,399
641. 51.7/sq mi Moberly, MO / 25,207
642. 51.7/sq mi Huntingdon, PA / 45,950
643. 51.4/sq mi Dublin, GA / 57,878
644. 51.4/sq mi Grand Island, NE / 83,426
645. 51.3/sq mi Manhattan, KS / 96,816
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646. 51.2/sq mi Albany-Lebanon, OR / 118,270
647. 51.1/sq mi Lebanon, NH-VT / 174,724
648. 51.0/sq mi Menomonie, WI / 44,045
649. 50.6/sq mi Morehead City, NC / 67,851
650. 50.6/sq mi Alexandria, MN / 36,413
651. 50.6/sq mi Grants Pass, OR / 83,021
652. 50.5/sq mi Hutchinson, KS / 64,223
653. 50.5/sq mi Rio Grande City-Roma, TX / 62,040
654. 50.4/sq mi Duncan, OK / 44,900
655. 50.1/sq mi Newton, IA / 36,715
656. 49.7/sq mi Washington, NC / 47,587
657. 49.6/sq mi West Point, MS / 20,634
658. 49.5/sq mi Muscatine, IA / 42,857
659. 49.4/sq mi Troy, AL / 33,216
660. 49.3/sq mi Blytheville, AR / 45,385
661. 49.2/sq mi Meridian, MS / 107,080
662. 49.1/sq mi Jacksonville, IL / 40,532
663. 49.1/sq mi Willmar, MN / 42,316
664. 48.9/sq mi Walla Walla, WA / 63,507
665. 48.5/sq mi Lincoln, IL / 30,047
666. 48.4/sq mi Ponca City, OK / 45,781
667. 48.4/sq mi Dixon, IL / 35,248
668. 48.3/sq mi Clearlake, CA / 64,209
669. 48.2/sq mi Union City, TN-KY / 37,928
670. 48.2/sq mi Grenada, MS / 21,660
671. 48.1/sq mi Taylorville, IL / 34,415
672. 48.0/sq mi Morgan City, LA / 53,784
673. 48.0/sq mi Jacksonville, TX / 50,971
674. 48.0/sq mi Jennings, LA / 31,594
675. 47.9/sq mi Butte-Silver Bow, MT / 34,462
676. 47.8/sq mi Batesville, AR / 36,861
677. 47.6/sq mi Alice, TX / 41,348
678. 47.5/sq mi Russellville, AR / 84,621
679. 47.5/sq mi Columbus, NE / 32,485
680. 47.0/sq mi Scottsboro, AL / 53,012
681. 46.7/sq mi Pine Bluff, AR / 97,365
682. 46.5/sq mi McComb, MS / 53,166
683. 46.5/sq mi Jesup, GA / 30,170
684. 46.4/sq mi Redding, CA / 178,520
685. 46.3/sq mi Lebanon, MO / 35,544
686. 46.2/sq mi Durant, OK / 43,595
687. 45.9/sq mi Boone, IA / 26,326
688. 45.9/sq mi Warren, PA / 41,218
689. 45.3/sq mi Douglas, GA / 42,947
690. 45.3/sq mi Idaho Falls, ID / 136,057
691. 45.2/sq mi Silverthorne, CO / 27,994
692. 45.1/sq mi Kerrville, TX / 49,914
693. 44.9/sq mi Ruston, LA / 47,243
694. 44.8/sq mi Sulphur Springs, TX / 35,478
695. 44.4/sq mi San Angelo, TX / 115,142
696. 44.3/sq mi Corsicana, TX / 48,073
697. 44.2/sq mi Okeechobee, FL / 39,398
698. 44.2/sq mi Lock Haven, PA / 39,611
699. 44.1/sq mi Grand Junction, CO / 147,509
700. 44.1/sq mi Bainbridge, GA / 27,508
701. 43.8/sq mi Waycross, GA / 54,775
702. 43.8/sq mi Clarksdale, MS / 25,527
703. 43.7/sq mi Bradford, PA / 43,024
704. 43.6/sq mi West Plains, MO / 40,469
705. 43.3/sq mi Platteville, WI / 51,272
706. 43.2/sq mi Eagle Pass, TX / 55,821
707. 43.2/sq mi Bangor, ME / 153,627
708. 43.2/sq mi Wauchula, FL / 27,549
709. 43.0/sq mi Forrest City, AR / 27,642
710. 43.0/sq mi Selma, AL / 42,743
711. 43.0/sq mi Albert Lea, MN / 31,034
712. 42.9/sq mi Gainesville, TX / 38,558
713. 42.9/sq mi Salina, KS / 61,868
714. 42.8/sq mi Natchez, MS-LA / 52,798
715. 42.4/sq mi Yankton, SD / 22,580
716. 42.4/sq mi Hood River, OR / 22,620
717. 42.4/sq mi Missoula, MT / 111,011
718. 42.1/sq mi Hannibal, MO / 39,068
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719. 41.9/sq mi Marble Falls, TX / 42,750
720. 41.8/sq mi Spirit Lake, IA / 16,877
721. 41.5/sq mi Galesburg, IL / 52,447
722. 41.5/sq mi Cadillac, MI / 47,685
723. 41.5/sq mi Canton, IL / 36,616
724. 41.3/sq mi New Ulm, MN / 25,513
725. 41.2/sq mi Lewiston, ID-WA / 61,610
726. 40.8/sq mi Enterprise-Ozark, AL / 50,726
727. 40.8/sq mi Big Spring, TX / 36,892
728. 40.6/sq mi Brookings, SD / 32,647
729. 40.1/sq mi Twin Falls, ID / 101,513
730. 40.1/sq mi Indianola, MS / 28,314
731. 39.7/sq mi Ogdensburg-Massena, NY / 112,015
732. 39.6/sq mi Brownwood, TX / 37,903
733. 39.5/sq mi El Centro, CA / 177,026
734. 39.4/sq mi Fort Polk South, LA / 52,844
735. 39.1/sq mi Oskaloosa, IA / 22,420
736. 38.8/sq mi El Dorado, AR / 40,954
737. 38.6/sq mi Atchison, KS / 16,737
738. 38.4/sq mi St. Marys, PA / 31,946
739. 38.2/sq mi Nogales, AZ / 47,250
740. 38.0/sq mi Mount Vernon, IL / 38,716
741. 37.7/sq mi Bonham, TX / 33,915
742. 37.7/sq mi El Campo, TX / 41,219
743. 37.6/sq mi Abbeville, LA / 57,999
744. 37.5/sq mi Cleveland, MS / 33,961
745. 37.2/sq mi Hilo, HI / 189,382
746. 37.1/sq mi Alexander City, AL / 53,155
747. 36.9/sq mi Beeville, TX / 32,462
748. 36.8/sq mi Mexico, MO / 25,637
749. 36.8/sq mi Pontiac, IL / 38,476
750. 36.5/sq mi Yuma, AZ / 201,453
751. 36.4/sq mi Liberal, KS / 23,319
752. 36.2/sq mi Kearney, NE / 53,948
753. 36.1/sq mi Stephenville, TX / 39,291
754. 35.8/sq mi Plainview, TX / 35,925
755. 35.6/sq mi Marshall, MN / 25,724
756. 35.6/sq mi Clovis, NM / 50,173
757. 35.4/sq mi Bozeman, MT / 93,108
758. 35.3/sq mi Ardmore, OK / 48,288
759. 35.3/sq mi Moscow, ID / 37,989
760. 35.3/sq mi Storm Lake, IA / 20,460
761. 35.2/sq mi Brownsville, TN / 18,787
762. 35.1/sq mi Cheyenne, WY / 94,412
763. 35.0/sq mi Tuskegee, AL / 21,452
764. 34.7/sq mi Rockland, ME / 39,736
765. 34.7/sq mi Coos Bay, OR / 62,678
766. 34.6/sq mi Victoria, TX / 96,312
767. 34.6/sq mi Billings, MT / 162,892
768. 34.3/sq mi Astoria, OR / 37,236
769. 34.3/sq mi Walterboro, SC / 38,892
770. 34.2/sq mi Kirksville, MO / 30,030
771. 34.0/sq mi Greenwood, MS / 42,190
772. 33.9/sq mi Bastrop, LA / 27,319
773. 33.5/sq mi Vermillion, SD / 13,968
774. 33.4/sq mi Bismarck, ND / 120,688
775. 33.3/sq mi Eureka-Arcata-Fortuna, CA / 134,876
776. 33.2/sq mi Cambridge, MD / 32,614
777. 32.8/sq mi McAlester, OK / 45,220
778. 32.8/sq mi Moses Lake, WA / 91,458
779. 32.7/sq mi Altus, OK / 26,275
780. 32.5/sq mi McPherson, KS / 29,308
781. 32.5/sq mi Parsons, KS / 21,225
782. 32.2/sq mi Aberdeen, WA / 71,734
783. 32.2/sq mi Clewiston, FL / 38,360
784. 32.2/sq mi Pocatello, ID / 83,394
785. 32.1/sq mi Hays, KS / 28,878
786. 32.1/sq mi Winfield, KS / 36,311
787. 31.9/sq mi Traverse City, MI / 145,374
788. 31.8/sq mi Magnolia, AR / 24,400
789. 31.8/sq mi Harrison, AR / 45,300
790. 31.5/sq mi Garden City, KS / 41,049
791. 31.5/sq mi Merrill, WI / 28,566
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792. 31.5/sq mi Dodge City, KS / 34,604
793. 31.0/sq mi DeRidder, LA / 36,109
794. 30.9/sq mi Centralia, WA / 75,382
795. 30.9/sq mi Durango, CO / 52,547
796. 30.6/sq mi Norfolk, NE / 48,416
797. 30.6/sq mi Great Bend, KS / 27,566
798. 30.6/sq mi Spearfish, SD / 24,478
799. 30.6/sq mi Canon City, CO / 46,879
800. 30.5/sq mi Marshall, MO / 23,363
801. 30.4/sq mi Duluth, MN-WI / 279,894
802. 30.3/sq mi Malone, NY / 51,508
803. 30.3/sq mi Natchitoches, LA / 39,359
804. 30.2/sq mi Great Falls, MT / 81,953
805. 30.0/sq mi Yazoo City, MS / 28,065
806. 29.9/sq mi Worthington, MN / 21,589
807. 29.0/sq mi Grand Forks, ND-MN / 99,774
808. 28.9/sq mi Spencer, IA / 16,555
809. 28.7/sq mi Helena-West Helena, AR / 20,847
810. 28.6/sq mi Fairmont, MN / 20,840
811. 28.5/sq mi Fitzgerald, GA / 17,547
812. 28.4/sq mi Weatherford, OK / 28,506
813. 28.4/sq mi Mineral Wells, TX / 28,028
814. 28.1/sq mi Eufaula, AL-GA / 29,970
815. 28.1/sq mi Raymondville, TX / 22,056
816. 27.6/sq mi Hastings, NE / 31,396
817. 27.0/sq mi Port Angeles, WA / 72,024
818. 26.5/sq mi Maryville, MO / 23,296
819. 26.5/sq mi Mitchell, SD / 23,122
820. 26.3/sq mi Prescott, AZ / 213,689
821. 26.1/sq mi Scottsbluff, NE / 38,911
822. 25.8/sq mi Arkadelphia, AR / 22,800
823. 25.8/sq mi Fergus Falls, MN / 57,417
824. 25.6/sq mi Brainerd, MN / 91,399
825. 25.5/sq mi Levelland, TX / 23,205
826. 25.5/sq mi Fernley, NV / 51,579
827. 25.5/sq mi Beatrice, NE / 21,889
828. 25.4/sq mi Elk City, OK / 22,941
829. 25.2/sq mi Edwards, CO / 52,233
830. 24.8/sq mi Kill Devil Hills, NC / 38,749
831. 24.5/sq mi Borger, TX / 21,947
832. 24.4/sq mi Dumas, TX / 22,172
833. 24.3/sq mi Phoenix Lake-Cedar Ridge, CA / 55,365
834. 24.0/sq mi Iron Mountain, MI-WI / 30,570
835. 23.7/sq mi Fredericksburg, TX / 25,179
836. 23.5/sq mi Maysville, KY / 17,398
837. 23.3/sq mi Wenatchee, WA / 112,847
838. 23.2/sq mi Hope, AR / 31,606
839. 23.0/sq mi Farmington, NM / 127,358
840. 22.8/sq mi Crescent City, CA / 28,066
841. 22.7/sq mi Bay City, TX / 36,611
842. 22.6/sq mi Marinette, WI-MI / 65,326
843. 22.6/sq mi Ukiah, CA / 87,612
844. 22.4/sq mi Camden, AR / 30,687
845. 22.2/sq mi Rapid City, SD / 139,040
846. 22.0/sq mi Watertown, SD / 27,598
847. 21.9/sq mi Fort Morgan, CO / 28,342
848. 21.5/sq mi Blackfoot, ID / 45,558
849. 21.4/sq mi Rexburg, ID / 50,778
850. 21.4/sq mi Red Bluff, CA / 63,284
851. 21.2/sq mi Heber, UT / 25,550
852. 21.1/sq mi Pullman, WA / 46,003
853. 21.0/sq mi Sierra Vista-Douglas, AZ / 130,807
854. 20.9/sq mi Roseburg, OR / 107,156
855. 20.5/sq mi Emporia, KS / 33,510
856. 20.1/sq mi Key West, FL / 75,208
857. 19.7/sq mi Marquette, MI / 67,535
858. 18.9/sq mi Snyder, TX / 17,108
859. 18.6/sq mi Tallulah, LA / 12,093
860. 18.5/sq mi Escanaba, MI / 36,841
861. 18.2/sq mi Montrose, CO / 40,885
862. 17.9/sq mi Ellensburg, WA / 41,705
863. 17.7/sq mi Lexington, NE / 26,202
864. 17.6/sq mi Kalispell, MT / 92,373
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865. 17.3/sq mi Alpena, MI / 29,242
866. 17.2/sq mi Uvalde, TX / 26,763
867. 16.6/sq mi Woodward, OK / 20,697
868. 16.5/sq mi Sweetwater, TX / 15,082
869. 16.5/sq mi Pendleton-Hermiston, OR / 87,062
870. 15.3/sq mi Berlin, NH-VT / 38,433
871. 15.2/sq mi Minot, ND / 74,111
872. 15.2/sq mi Hobbs, NM / 66,876
873. 15.2/sq mi Del Rio, TX / 48,999
874. 15.1/sq mi Lamesa, TX / 13,593
875. 15.0/sq mi Lake Havasu City-Kingman, AZ / 202,482
876. 14.9/sq mi Taos, NM / 32,956
877. 14.8/sq mi Bemidji, MN / 45,236
878. 14.8/sq mi Helena, MT / 76,237
879. 14.6/sq mi Casper, WY / 78,667
880. 14.4/sq mi Aberdeen, SD / 41,564
881. 14.4/sq mi Anchorage, AK / 392,021
882. 14.3/sq mi Sault Ste. Marie, MI / 38,698
883. 14.2/sq mi Price, UT / 21,118
884. 14.2/sq mi Huron, SD / 17,922
885. 14.2/sq mi Cedar City, UT / 46,725
886. 13.6/sq mi Vernon, TX / 13,265
887. 13.4/sq mi Gallup, NM / 73,082
888. 13.3/sq mi Fairbanks, AK / 99,319
889. 13.1/sq mi Carlsbad-Artesia, NM / 54,834
890. 13.0/sq mi Burley, ID / 43,466
891. 12.9/sq mi Hereford, TX / 19,331
892. 12.6/sq mi La Grande, OR / 25,736
893. 12.6/sq mi Williston, ND / 27,066
894. 12.3/sq mi Pampa, TX / 22,771
895. 12.3/sq mi Sterling, CO / 22,604
896. 11.7/sq mi Sheridan, WY / 29,578
897. 11.2/sq mi Brookings, OR / 22,341
898. 11.1/sq mi Payson, AZ / 53,242
899. 10.8/sq mi Dickinson, ND / 27,038
900. 10.8/sq mi Roswell, NM / 65,850
901. 10.8/sq mi Show Low, AZ / 107,489
902. 10.8/sq mi Kingsville, TX / 32,670
903. 10.8/sq mi Klamath Falls, OR / 65,985
904. 10.7/sq mi Andrews, TX / 16,126
905. 10.6/sq mi The Dalles, OR / 25,387
906. 10.5/sq mi Guymon, OK / 21,495
907. 10.4/sq mi Wahpeton, ND-MN / 22,868
908. 10.1/sq mi Evanston, WY / 20,989
909. 9.9/sq mi Juneau, AK / 32,200
910. 9.9/sq mi Gillette, WY / 47,448
911. 9.9/sq mi Alamogordo, NM / 65,415
912. 9.4/sq mi Pierre, SD / 21,824
913. 9.3/sq mi North Platte, NE / 37,216
914. 9.2/sq mi Jamestown, ND / 21,056
915. 8.6/sq mi Laramie, WY / 37,220
916. 8.5/sq mi Mountain Home, ID / 26,349
917. 8.4/sq mi Deming, NM / 24,947
918. 8.2/sq mi Portales, NM / 20,065
919. 7.7/sq mi Vernal, UT / 34,576
920. 7.4/sq mi Brigham City, UT / 49,975
921. 7.4/sq mi Silver City, NM / 29,303
922. 7.3/sq mi Flagstaff, AZ / 135,817
923. 7.1/sq mi Susanville, CA / 33,356
924. 7.0/sq mi Prineville, OR / 20,798
925. 6.9/sq mi Jackson, WY-ID / 32,168
926. 6.8/sq mi Espanola, NM / 40,155
927. 6.1/sq mi Las Vegas, NM / 28,899
928. 6.0/sq mi Grants, NM / 27,392
929. 5.7/sq mi Safford, AZ / 37,311
930. 5.5/sq mi Havre, MT / 16,096
931. 5.3/sq mi Pecos, TX / 13,978
932. 5.2/sq mi Houghton, MI / 38,936
933. 5.2/sq mi Ontario, OR-ID / 53,398
934. 4.8/sq mi Fallon, NV / 24,347
935. 4.4/sq mi Riverton, WY / 40,739
936. 4.3/sq mi Rock Springs, WY / 44,595
937. 4.2/sq mi Ruidoso, NM / 20,497
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938. 2.5/sq mi Elko, NV / 52,752
939. 2.4/sq mi Pahrump, NV / 42,938
940. 2.1/sq mi Ketchikan, AK / 13,676
941. 1.8/sq mi Bishop, CA / 18,546
942. 1.1/sq mi Kodiak, AK / 13,592



Please note that we only rank locations with 'Population Density' data. The rank above might not be a complete list.
Locations without 'Population Density' data are not listed.
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Abstract
Composting of green waste separated from the disposed solid waste stream reduces
biodegradable inputs into landfills, and contributes valuable soil amendments to agriculture.
Agencies in regions with severe air quality challenges, such as California’s San Joaquin Valley
(SJV), have raised concerns about gases emitted during the composting process, which are
suspected to contribute to persistent high levels of ground-level ozone formation. The goal of the
current study is to thoroughly characterize volatile organic compound (VOC) emissions from
green waste compost piles of different ages (fresh tipped piles, 3–6 day old windrows, and 2–3
week old windrows). Multiple sampling and analytical approaches were applied to ensure the
detection of most gaseous organic components emitted. More than 100 VOCs were detected and
quantified in this study, including aliphatic alkanes, alkenes, aromatic hydrocarbons, biogenic
organics, aldehydes, ketones, alcohols, furans, acids, esters, ether, halogenated hydrocarbons and
dimethyl disulfide (DMDS). Alcohols were found to be the dominating VOC in the emissions
from a compost pile regardless of age, with fluxes ranging from 2.6 to 13.0 mg m  min  with the
highest emissions coming from the younger composting windrows (3–6 days). Average VOC
emissions other than alcohols were determined to be 2.3 mg m  min  from younger windows,
which was roughly two times higher than either the fresh tipping pile (1.2 mg m  min ) or the
older windrows (1.4 mg m  min ). It was also observed that the older windrows emit a slightly
larger proportion of more reactive compounds. Approximately 90% of the total VOCs were found
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to have maximum incremental reactivity of less than 2. Net ozone formation potential of the
emissions was also assessed.



Highlights



► Characterization of VOC emissions from green waste compost of different ages. ► Emissions are
dominated by small alcohols ranging from 66–85% of the total. ► Young windrows (3–6 days) had
the highest flux, but less reactivity to form ozone. ► Older compost windrows (2–3 weeks)
exhibited lower fluxes, but more reactivity. ► Field ozone assays and model calculations confirm
low ozone formation potential.
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I. INTRODUCTION AND SUMMARY OF REQUESTED RELIEF 



A. California’s Greenhouse Gas Policies and Housing-Induced Poverty Crisis 



1. California’s reputation as a global climate leader is built on the state’s dual claims 



of substantially reducing greenhouse gas (“GHG”) emissions while simultaneously enjoying a 



thriving economy. Neither claim is true.   



2. California has made far less progress in reducing GHG emissions than other states. 



Since the effective date of California’s landmark GHG reduction law, the Global Warming 



Solutions Act,2 41 states have reduced per capita GHG emissions by more than California  



3. California’s lead climate agency, the California Air Resources Board (“CARB”), 



has ignored California’s modest scale of GHG reductions, as well as the highly regressive costs 



imposed on current state residents by CARB’s climate programs.  



4. Others have been more forthcoming. Governor Jerry Brown acknowledged in 2017 



that the state’s lauded cap-and-trade program, which the non-partisan state Legislative Analysist’s 



Office (“LAO”) concluded would cost consumers between 24 cents and 73 cents more per gallon 



of gasoline by 2031,3 actually “is not that important [for greenhouse gas reduction]. I know that. 



I’m Mr. ‘It Ain’t That Much.’ It isn’t that much. Everybody here [in a European climate change 



conference] is hype, hype to the skies.”4 



5. Governor Brown’s acknowledgement was prompted by a report from Mother 



Jones—not CARB—that high rainfall had resulted in more hydroelectric power generation from 



                                                 
2 The Global Warming Solutions Act of 2006 (“GWSA”) is codified at Health and Safety Code 
(“H&S Code”) § 38500 et seq. and became effective in 2007. The Act is often referred to as “AB 
32”, the assembly bill number assigned to the legislation. AB 32 required California to reduce 
GHG emissions from a “business as usual” scenario in 2020 to the state’s 1990 GHG emission 
level.  AB 32 was amended in 2017 by Senate Bill 32 by the same author. SB 32 established a 
new GHG reduction mandate of 40% below California’s 1990 GHG levels by 2030.   
3 LAO, Letter to Assembly Member Fong (Mar. 29, 2017), www.lao.ca.gov/letters/2017/fong-
fuels-cap-and-trade.pdf. 
4 Julie Cart, Weather Helped California’s Greenhouse Gas Emissions Drop 5% Last Year, 
CALMatters (Dec. 2, 2017), https://timesofsandiego.com/tech/2017/12/02/weather-helped-
californias-greenhouse-gas-emissions-drop-5-last-year/. 
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existing dams than had occurred during the drought, and that this weather pattern resulted in a 5% 



decrease in California’s GHG emissions.5      



6. GHG emissions data from California’s wildfires are also telling. As reported by 



the San Francisco Chronicle (again not CARB), GHG emissions from all California regulatory 



efforts “inched down” statewide by 1.5 million metric tons (from total estimated emissions of 440 



million metric tons),6 while just one wildfire near Fresno County (the Rough Fire) produced 6.8 



million metric tons of GHGs, and other fires on just federally managed forest lands in California 



emitted 16 million metric tons of GHGs.7  



7. Reliance on statewide economic data for the false idea that California’s economy 



is thriving conflates the remarkable stock market profits of San Francisco Bay Area technology 



companies with disparate economic harms and losses suffered by Latino and African American 



Californians statewide, and by white and Asian American Californians outside the Bay Area.  



8. Since 2007, which included both the global recession and current sustained period 



of economic recovery, California has had the highest poverty rate in the country—over 8 million 



people living below the U.S. Census Bureau poverty line when housing costs are taken into 



account.8 By another authoritative poverty methodology developed by the United Way of 



California, which counts housing as well as other basic necessities like transportation and medical 



costs (and then offsets these with state welfare and related poverty assistance programs), about 



40% of Californians “do not have sufficient income to meet their basic cost of living.”9 The 



                                                 
5 Ibid. 
6 California Air Resources Board, 2017 Edition California Greenhouse Gas Inventory for 2000-
2015 (June 2017), https://www.arb.ca.gov/cc/inventory/data/data.htm. 
7 David R Baker, Huge wildfires can wipe out California’s greenhouse gas gains, SF Chronicle, 
(Nov. 21, 2017), https://www.sfchronicle.com/bayarea/article/Huge-wildfires-can-wipe-out-
California-s-12376324.php. 
8 Liana Fox, The Supplemental Poverty Measure: 2016, U.S. Census Bureau Report Number: 
P60-261, Table A-5 (Sept. 21, 2017), 
https://www.census.gov/library/publications/2017/demo/p60-261.html; Dan Walters, Why does 
California have the nation’s highest poverty level?, CALMatters (Aug. 13, 2017), 
https://calmatters.org/articles/california-nations-highest-poverty-level/.  
9 Betsy Block et al., Struggling to Get By: The Real Cost Measure in California 2015, United 
Ways of California (2016), https://www.unitedwaysca.org/realcost. 
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Public Policy Institute of California used a methodology that also accounts for the cost of living 



and independently concluded that about 40% of Californians live in poverty.10  



9. Poverty is just one of several indicators of the deep economic distress affecting 



California. California also has the highest homeless population, and the highest homelessness 



rate, in the nation. According to the U.S. Department of Housing and Urban Development, about 



25% of the nation’s homeless, or about 135,000 individuals, are in California.11    



10. National homeownership rates have been recovering since the recession levels, but 



California’s rate has plunged to the second lowest in the country—with homeownership losses 



steepest and most sustained for California’s Latinos and African Americans.12    



11. As shown in Figure 1, with the exception of white and Asian populations in the 



five-county Bay Area, elsewhere in California—and for Latino and African American residents 



statewide—incomes are comparable to national averages.  



Figure 1 



Median Income in 2007 and 2017, White, Asian, Latino and Black Populations 



Bay Area, California excluding the Bay Area, and U.S. excluding California 



(nominal current dollars)13 



 



 



                                                 
10 Public Policy Institute of California, Poverty in California (Oct. 2017), 
http://www.ppic.org/publication/poverty-in-california/. 
11 U.S. Department of Housing and Urban Development, 2017 Annual Homeless Assessment 
Report to Congress, https://www.hudexchange.info/resources/documents/2017-AHAR-Part-1.pdf; 
Kevin Fagan et al., California’s homelessness crisis expands to country, SF Chronicle (Sept. 8, 
2017), https://www.sfchronicle.com/news/article/California-s-homelessness-crisis-moves-to-the-
12182026.php. 
12 U.S. Census Bureau, Housing Vacancies and Homeownership (CPS/HVS), Table 16. 
Homeownership Rates for the 75 Largest Metropolitan Statistical Areas: 2015 to 2017, 
https://www.census.gov/housing/hvs/data/ann17ind.html. See also 2007 and 2016 American 
Community Survey 1-Year Estimates, Table B25003 series (Tenure in Occupied housing units), 
California, https://factfinder.census.gov/. 
13 Median income estimated from household income distributions for 2007 and 2016 American 
Community Survey 1-Year Estimates, Table B19001 series, https://factfinder.census.gov/ (using 
the estimation methodology described by the California Department of Finance at 
http://www.dof.ca.gov/Forecasting/Demographics/Census_Data_Center_Network/documents/Ho
w_to_Recalculate_a_Median.pdf). 
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12. However, Californians pay far higher costs for basic necessities. A national survey 



of housing, food, medical and other costs conducted by the Council for Community & Economic 



Research showed that in 2017, California was the second most expensive state in the nation (after 



Hawaii), and had a cost of living index that was 41% higher than the national average.14 The LAO 



reported that “California’s home prices and rents are higher than just about anywhere else,” with 



average home prices 2.5 times more than the national average and rents 50% higher than the 



national average.15 Californians also pay 58% more in average electricity cost per KWh hour 



(2016 annual average)16 and about $0.80 cents more per gallon of gas than the national average.17    



                                                 
14 The 2017 survey by the Council for Community & Economic Research was published by the 
Missouri Economic Research and Information Center, 
https://www.missourieconomy.org/indicators/cost_of_living/index.stm.  
15 LAO, California’s High Housing Costs: Causes and Consequences (Mar. 17, 2015), 
http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
16 U.S. Energy Information Agency, Electric Power Annual, Table 2.10 (Dec. 2, 2017), 
https://www.eia.gov/electricity/annual/ (showing average annual 2016 prices). 
17 American Automobile Association, Regular Gas Prices, http://gasprices.aaa.com/state-gas-
price-averages/, last visited April 25, 2018. 
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13. These high costs for two basic living expenses—electricity and transportation—are 



highest for those who live in the state’s inland areas (and need more heating and cooling than the 



temperate coast), and drive farthest to jobs due to the acute housing crisis the LAO has concluded 



is worst in the coastal urban job centers like the San Francisco Bay Area and Los Angeles.18  



14. An estimated 138,000 commuters enter and exit the nine-county Bay Area 



megaregion each day.19 These are workers who are forced to “drive until they qualify” for 



housing they can afford to buy or rent.  



15. San Joaquin County housing prices in cities nearest the Bay Area, such as 



Stockton, are about one-third lower, even though commute times to San Jose are 77 minutes each 



direction (80 miles and 2.5 hour daily commutes), and to San Francisco are 80 minutes (82 miles 



and 3 hour daily commutes).20 The median housing price in Stockton is about $286,000—still 



double the national average of $140,000—while the median housing price in San Jose is over 



$1,076,000 and in San Francisco is over $1,341,000.21  



16. California’s poverty, housing, transportation and homeless crisis have created a 



perfect storm of economic hardship that has, in the words of the civil rights group Urban Habitat, 



resulted in the “resegregation” of the Bay Area.22 Between 2000 and 2014, substantial African 



American and Latino populations shifted from central cities on and near the Bay, like San 



Francisco, Oakland, Richmond and San Jose, to eastern outer suburbs like Antioch, and Central 



Valley communities like Stockton and Suisun City.23 As reported:  



                                                 
18 LAO, California’s High Housing Costs: Causes and Consequences (Mar. 17, 2015),  
http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
19 Bay Area Council, Another Inconvenient Truth (Aug. 16, 2016), 
www.bayareaeconomy.org/report/another-inconvenient-truth/.   
20 Commute times from Google navigation, calculated April 25, 2018. 
21 Zillow, Stockton CA Home Prices & Home Values, https://www.zillow.com/stockton-ca/home-
values/; San Jose CA Home Prices and Home Values, https://www.zillow.com/san-jose-ca/home-
values/; San Francisco CA Home Prices and Home Values, https://www.zillow.com/san-
francisco-ca/home-values/. 
22 Urban Habitat League, Race, Inequality, and the Resegregation of the Bay Area (Nov. 2016), 
http://urbanhabitat.org/new-report-urban-habitat-reveals-growing-inequality-and-resegregation-
bay-area-reflecting-divided; see also LAO, Lower Income Households Moving to Inland 
California from Coast (Sept. 2015), http://www.lao.ca.gov/LAOEconTax/Article/Detail/133. 
23 Id. p. 10-11, Maps 5 and 6. 
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Low income communities of color are increasingly living at the 
expanding edges of our region. . . . Those who do live closer to the 
regional core find themselves unable to afford skyrocketing rents 
and other necessities; many families are doubling or tripling up in 
homes, or facing housing instability and homelessness.24  



17. Los Angeles (#1) and the Bay Area (#3) are already ranked the worst in the nation 



for traffic congestion, flanking Washington DC (#2).25 Yet California’s climate leaders have 



decided to intentionally increase traffic congestion—to lengthen commute times and encourage 



gridlock—to try to get more people to ride buses or take other form of public transit.26 This 



climate strategy has already failed, with public transit ridership—particularly by bus—continuing 



to fall even as California has invested billions in public transit systems.27  



18. Vehicle miles travelled (“VMT”) by Californians forced to drive ever-greater 



distances to homes they can afford have also increased by 15% between 2000 and 2015.28 Serious 



                                                 
24 Id. p. 2.   
25 INRIX Global Traffic Scorecard (2017), http://inrix.com/scorecard/. 
26 Governor’s Office of Planning and Research (“OPR”), Updating Transportation Analysis in the 
CEQA Guidelines, Preliminary Discussion Draft (Aug. 6, 2014), 
http://www.opr.ca.gov/docs/Final_Preliminary_Discussion_Draft_of_Updates_Implementing_SB
_743_080614.pdf, p. 9 (stating that “research indicates that adding new traffic lanes in areas 
subject to congestion tends to lead to more people driving further distances. (Handy and Boarnet, 
“DRAFT Policy Brief on Highway Capacity and Induced Travel,” (April 2014).) This is because 
the new roadway capacity may allow increased speeds on the roadway, which then allows people 
to access more distant locations in a shorter amount of time. Thus, the new roadway capacity may 
cause people to make trips that they would otherwise avoid because of congestion, or may make 
driving a more attractive mode of travel”). In subsequent CEQA regulatory proposals, and in 
pertinent parts of the 2017 Scoping Plan, text supportive of traffic congestion was deleted but the 
substantive policy direction remains unchanged. Further, the gas tax approved by the Legislature 
in 2017 was structured to limit money for addressing congestion to $250 million (less than 1% of 
the $2.88 billion anticipated to be generated by the new taxes). See Jim Miller, California’s gas 
tax increase is now law. What it costs you and what it fixes. Sacramento Bee (April 28, 2017),  
http://www.sacbee.com/news/politics-government/capitol-alert/article147437054.html. 
27 See, e.g., Bay Area Metropolitan Planning Commission, Transit Ridership Report (Sept. 2017), 
http://www.vitalsigns.mtc.ca.gov/transit-ridership (showing transit ridership decline on a per 
capita basis by 11% since 1990 with per capita bus boardings declining by 33%); see also 
University of California Institute for Transportation Studies, Falling Transit Ridership: California 
and Southern California (Jan. 2018), 
https://www.scag.ca.gov/Documents/ITS_SCAG_Transit_Ridership.pdf (showing Los Angeles 
regional public transit decline). 
28 TRIP, California Transportation by the Numbers (Aug. 2016), 
https://mtc.ca.gov/sites/default/files/CA_Transportation_by_the_Numbers_TRIP_Report_2016.p
df.  
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adverse health impacts to individual commuters,29 as well as adverse economic impacts to drivers 



and the California economy,30 from excessive commutes have also worsened.  



19. In 2016 and 2017, the combination of increased congestion and more VMT 



reversed decades of air quality improvements in California, and caused increased emissions of 



both GHG and other traditional air pollutants that cause smog and other adverse health effects,31 



for which reductions have long been mandated under federal and state clean air laws. 



20. In short, in the vast majority of California, and for the whole of its Latino and 



African American populations, the story of California’s “thriving” economy is built on CARB’s 



reliance on misleading statewide averages, which are distorted by the unprecedented 



concentration of stock market wealth created by the Bay Area technology industry. 



21. For most Californians, especially those who lost their home in the Great Recession 



(with foreclosures disproportionately affecting minority homeowners),32 or who never owned a 



home and are struggling with college loans or struggling to find a steady job that pays enough to 



cover California’s extraordinary living costs, CARB’s assertion that California is a booming, 



“clean and green” economy is a distant fiction.  



B. California’s Historical Use of Environmental and Zoning Laws and 



Regulations to Oppress and Marginalize Minority Communities 



22. The current plight of minority communities in California is the product of many 



decades of institutional racism, perpetuated by school bureaucrats of the 1940’s who defended the 



“separate but equal” system, highway bureaucrats of the 1950’s who targeted minority 



neighborhoods for demolition to make way for freeway routes, urban planning bureaucrats in the 



                                                 
29 Carolyn Kylstra, 10 Things Your Commute Does to Your Body, Time Magazine (Feb. 2014), 
http://time.com/9912/10-things-your-commute-does-to-your-body/.   
30 TRIP, California Transportation by the Numbers (Aug. 2016), 
https://mtc.ca.gov/sites/default/files/CA_Transportation_by_the_Numbers_TRIP_Report_2016.p
df (stating that traffic congestion is estimated to cost California $28 billion, including lost time 
for drivers and businesses, and wasted fuels).   
31 Next 10, 2017 CA Green Innovation Index (Aug. 22, 2017), 
http://next10.org/sites/default/files/2017-CA-Green-Innovation-Index-2.pdf. 
32 Gillian White, The Recession’s Racial Slant, Atlantic Magazine (June 24, 2015), 
https://www.theatlantic.com/business/archive/2015/06/black-recession-housing-race/396725/.  
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1960’s who destroyed minority communities in pursuit of redevelopment, and those who enabled 



decades of “redlining” practices by insurance and banking bureaucrats aimed at denying 



minorities equal access to mortgages and home insurance.33  



23. Environmental regulators are no less susceptible to racism and bias than other 



regulators. Members of The Two Hundred had to intervene when environmental regulators 



threatened to block construction of the UC Merced campus, which is the only UC campus in the 



Central Valley and serves the highest percentage of Latino students of any UC campus.34  



24. Members of The Two Hundred also had to intervene to require environmental 



regulators to establish clear standards for the cleanup of contaminated property that blighted 



many minority neighborhoods, where cleanup and redevelopment could not be financed without 



the standards that virtually all other states had already adopted.35 



25. Racial bias in environmental advocacy organizations, including those that heavily 



lobbied CARB in 2017 Scoping Plan proceedings, was also confirmed in an influential study 



funded by major foundations that contribute to such organizations.36 



                                                 
33 See Richard Rothstein, Color of Law: A Forgotten History of How Our Government 
Segregated America (2017). 
34 UC Merced’s Latino undergraduates comprise 53% of the student population, compared to the 
21% rate of Latino undergraduate enrollment for the UC system as a whole.  University of 
California System Enrollment (2017), https://www.universityofcalifornia.edu/infocenter/fall-
enrollment-glance; UC Merced Fast Facts 2017-2018, https://www.ucmerced.edu/fast-facts; see 
also John Gamboa, Greenlining Institute, Brownfields, UC Merced, and Fighting for 
Environmental Equity (March 2018), http://greenlining.org/blog/2018/brownfields-uc-merced-
fighting-environmental-equity/. 
35 John Gamboa, Greenlining Institute, Brownfields, UC Merced, and Fighting for Environmental 
Equity (Mar. 2018), http://greenlining.org/blog/2018/brownfields-uc-merced-fighting-
environmental-equity/. 
36 Dorceta E. Taylor, Ph.D., The State of Diversity in Environmental Organizations: Mainstream 
NOGs, Foundations & Government Agencies (July 2014), http://vaipl.org/wp-
content/uploads/2014/10/ExecutiveSummary-Diverse-Green.pdf.  
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26. Additional studies have confirmed racial bias in environmental organizations, and 



in media reports on environmental issues.37 As the newest President of the Sierra Club Board of 



Directors, African American Aaron Mair recently confirmed: “White privilege and racism within 



the broader environmental movement is existent and pervasive.”38   



27. The simple fact is that vast areas of California, and disproportionately high 



numbers of Latino and African American Californians, have fallen into poverty or out of 



homeownership, and California’s climate policies guarantee that housing, transportation and 



electricity prices will continue to rise while “gateway” jobs to the middle class for those without 



college degrees, such as manufacturing and logistics, will continue to locate in other states. 



C. Four New GHG Housing Measures in CARB’s 2017 Scoping Plan Are 



Unlawful, Unconstitutional, and Would Exacerbate the Housing-Induced 



Poverty Crisis 



28. Defendant/Respondent CARB is the state agency directed by the Legislature to 



implement SB 32, which requires the State to set a target to reduce its GHG emissions to forty 



percent below 1990 levels by 2030 (“2030 Target”).    



29. CARB adopts a “Scoping Plan” every five years, as described in the GWSA. The 



most recent Scoping Plan sets out the GHG reduction measures that CARB finds will be required 



to achieve the 2030 Target (“2017 Scoping Plan”). The 2017 Scoping Plan was approved in 



December 2017.   



30. The most staggering, unlawful, and racist components of the 2017 Scoping Plan 



target new housing. The Plan includes four measures, challenged in this action, that increase the 



cost and litigation risks of building housing, intentionally worsen congestion (including commute 



                                                 
37 See, e.g., Nikhil Swaminathan, The Unsustainable Whiteness of Green, Moyers & Company 
(June 30, 2017), https://billmoyers.com/story/unsustainable-whiteness-green/; Jedidiah Purdy, 
Environmentalism’s Racist History, The New Yorker (Aug. 13, 2015), 
https://www.newyorker.com/news/news-desk/environmentalisms-racist-history; Brentin Mock, 
The Green Movement Is Talking About Racism? It’s About Time, Outside Magazine (Feb. 27, 
2017), https://www.outsideonline.com/2142326/environmentalism-must-confront-its-social-
justice-sins. 
38 Nikhil Swaminathan, The Unsustainable Whiteness of Green, Moyers & Company (June 30, 
2017), https://billmoyers.com/story/unsustainable-whiteness-green/ 
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times and vehicular emissions) for workers who already spend more than two hours on the road 



instead of with their families, and further increase the cost of transportation fuels and electricity.   



31. These newly-adopted measures (herein the “GHG Housing Measures”) are: (A) 



The new VMT mandate; (B) The new “net zero” CEQA threshold; (C) The new CO2 per capita 



targets for local climate action plans for 2030 and 2050; and (D) The “Vibrant Communities” 



policies in Appendix C to the 2017 Scoping Plan, to the extent they incorporate the VMT, net 



zero and new CO2 per capita targets.39   



32. The presumptive “net zero” GHG threshold requires offsetting GHG emissions for 



all new projects including housing under CEQA, the “Vibrant Communities” measures include 



limiting new housing to the boundaries of existing developed communities, and a mandate to 



substantially reduce VMT even for electric vehicles by (among other means) intentionally 



increasing congestion to induce greater reliance on buses and other transit modes. 



33. The development of, and the measures included in, the 2017 Scoping Plan was 



required to be informed by an environmental analysis (“EA”) pursuant to the California 



Environmental Quality Act (Pub. Res. Code § 21000 et seq.) (“CEQA”), and an economic fiscal 



analysis (“FA”) as mandated by both the GWSA and the Administrative Procedure Act, Gov. 



Code § 11346 et seq. (“APA”). 



34. However, in one of many examples of the lack of analysis in the 2017 Scoping 



Plan and related documents, CARB does not disclose the GHG emission reductions it expects 



from the GHG Housing Measures. The Scoping Plan also omits any economic analysis that 



accounts for the cost of these measures on today’s Californians, and omits any environmental 



analysis of the Plan’s effects on existing California communities and infrastructure. 



35. CARB concluded that in 2017 California’s entire economy will emit 440 million 



metric tons of GHGs per year, and that California will need to reduce emissions by 181.8 million 



                                                 
39 While CARB styled the GHG Housing Measures as “guidelines”, they are self-implementing 
and unlawful underground regulations. All other components of the 2017 Scoping Plan will be 
implemented as regulations, such as the Cap and Trade program and low carbon fuel standard, 
and thus will undergo a formal rulemaking process. However, CARB refused to undertake the 
same legislatively-mandated public process for the four GHG Housing Measures. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-14- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



metric tons to meet the 2030 Target. Notwithstanding widespread reports, and public and agency 



concern about the housing crisis, the homelessness crisis, the housing-induced poverty crisis, and 



the transportation crisis (collectively referred to herein as the “housing crisis”), neither the 2017 



Scoping Plan, nor the environmental or economic analyses, disclose how much of this 181.8 



million metric ton GHG reduction must or even may be achieved by constructing the at least three 



million new homes that experts,40 and all candidates for Governor,41 agree California must 



produce to resolve the current housing shortfall.    



36. The core elements of the Scoping Plan related to housing call for new housing in 



California’s existing communities (which comprise 4% of California’s lands), with smaller multi-



family units instead of single family homes located near public transit to reduce VMT. The 2017 



Scoping Plan does not contemplate the need for any new regulations to implement this housing 



regime. Instead, it includes expert agency conclusions about how CEQA, a 1970 environmental 



law, must be implemented to achieve California’s statutory climate change mandates as well as 



the unlegislated 2050 GHG reduction goal (80% reduction from 1990 GHG emissions by 2050) 



included in various Executive Orders from California Governors.   



37. The best available data on the actual GHG reductions that will be achieved by the 



Scoping Plan’s GHG Housing Measures is the “Right Type, Right Place” report, prepared by a 



multi-disciplinary team of housing and environmental law experts at the University of California, 



Berkeley, that examined some of the consequences from the housing crisis solution embedded in 



the 2017 Scoping Plan’s GHG Housing Measures (“UCB Study”).42 



                                                 
40 Jonathan Woetzel et al., Closing California’s Housing Gap, McKinsey Global Institute (Oct. 
2016), https://www.mckinsey.com/global-themes/urbanization/closing-californias-housing-gap. 
41 Liam Dillon, We asked the candidates how they planned to meet housing production goals.  
Here’s how they responded, LA Times (March 6, 2018), 
http://www.latimes.com/politics/essential/la-pol-ca-essential-politics-updates-we-asked-the-
candidates-how-they-planned-1520382029-htmlstory.html. 
42 Nathaniel Decker et al., Right Type Right Place: Assessing the Environmental and Economic 
Impacts of Infill Residential Development through 2030, U.C. Berkeley Terner Center for 
Housing Innovation and Center for Law, Energy and the Environment (Mar. 2017), 
https://ternercenter.berkeley.edu/right-type-right-place. 
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38. The UCB Study anticipates constructing only 1.9 million new homes, less than 



two-thirds of California’s 3.5 million shortfall identified by other experts. The Study examines 



the continuation of existing housing production, which is dominated by single family homes with 



fewer than 1% of Californians living in high rise structures, and compares this with a changed 



housing pattern that would confine new housing to the boundaries of existing cities and towns and 



replace traditional single family homes with smaller apartments or condos (thereby equating 



2,000 square foot homes with 800 square foot apartments).  



39. The UCB Study concludes that high rise and even mid-rise (e.g., six story) 



buildings are far more costly to build on a per unit basis than single family homes—three to five 



time higher—and are thus infeasible in most markets for most Californians. The Study thus 



recommends focusing on less costly housing units such as quadplexes (four units in two-story 



buildings) and stacked flats (one or two units per floor, generally limited to four stories)—which 



are still approximately 30% more costly than single family homes on a per unit basis.   



40. The UCB Study then concludes that it would be possible for California to build all 



1.9 million new homes in existing communities with these small multi-family structures, but to 



confine all new units to the 4% of California that is already urbanized would require the 



demolition of “tens, if not hundreds of thousands, of single family homes.” The Study does not 



quantify the GHG emissions from such massive demolition activities, nor does it identify any 



funding source or assess any non-GHG environmental, public service, infrastructure, historic 



structure, school, traffic, or other impact associated with this new housing vision.   



41. Unlike CARB’s 2017 Scoping Plan, the UCB Study does quantify the GHG 



reductions to be achieved by remaking California’s existing communities and housing all 



Californians harmed by the current housing crisis in small apartments. With this new housing 



future, California will reduce annual GHG emissions by 1.79 million metric tons per year, less 



than 1% of the 181.8 million metric tons required to meet the 2030 Target in SB 32. 



42. The Scoping Plan’s new CEQA provisions, which have already been cited as 



CEQA legal mandates by opponents to a Los Angeles County housing project called 
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“Northlake,”43 would increase still further the cost of new housing (and thereby make it even less 



affordable to California’s minority and other families). Since new housing—especially infill 



housing—is already the top target of CEQA lawsuits statewide, 44 the GHG Housing Measures 



will encourage even more anti-housing lawsuits, with attendant increases in project litigation 



costs and construction delays, as well as vehement opposition from existing residents.   



43. CEQA lawsuits also disproportionately target multi-family housing such as 



apartments in existing urbanized “infill” locations. In a recent 3-year study of all CEQA lawsuits 



filed statewide, the approximately 14,000 housing units challenged in the six county region 



comprising the Southern California Association of Governments (“SCAG”), which includes Los 



Angeles, Orange, San Bernadino, Ventura, Imperial, and Riverside counties and all cities within 



those counties, SCAG determined that 98% of the challenged housing units were located in 



existing urbanized areas, 70% were within areas designated for transit-oriented high density 



development, and 78% were located in the whiter, wealthier and healthier areas of the region 



(outside the portions of the regions with higher minority populations, poverty rates, pollution, and 



health problems associated with adverse environmental conditions such as asthma).45   



44. CEQA lawsuit petitioners also have an unusually high success rate against the 



cities and other government agencies responsible for CEQA compliance. A metastudy of 



administrative agency challenges nationally showed that agencies win approximately 70% of such 



cases. In contrast, three different law firm studies of CEQA reported appellate court opinions 



showed that CEQA petitioners prevailed in almost 50% of such cases.46   



                                                 
43 Center for Biological Diversity, Letter to Los Angeles County (April 16, 2018),   
http://planning.lacounty.gov/assets/upl/case/tr073336_correspondence-20180418.pdf. 
44 Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df. 
45 Jennifer Hernandez, David Friedman, Stephanie DeHerrera, In the Name of the Environment 
Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), p. 31-34, 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf. 
46 Jennifer Hernandez, Spencer Potter, Dan Golub, Joanna Meldrum, CEQA Judicial Outcomes: 
Fifteen Years of Reported California Appellate and Supreme Court Decisions (2015), p. 3-4, 10, 
https://www.hklaw.com/files/Uploads/Documents/Articles/0504FINALCEQA.pdf. 
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45. As noted by senior CEQA practitioner William Fulton, “CEQA provides a way for 



anybody who wants anything out of a public agency to get some leverage over the situation – 



whether that's unions, environmentalists, businesses, developers, and even local governments 



themselves.”47   



46. As the founder of California’s first law firm focused on filing CEQA lawsuit 



petitions, E. Clement Shute, recently reported when accepting a lifetime environmental law firm 



award from the California State Bar Environmental Section: 



Moving to the bad and ugly side of CEQA, projects with merit that 
serve valid public purposes and not be harmful to the environment 
can be killed just by the passage of the time it takes to litigate a 
CEQA case. 



In the same vein, often just filing a CEQA lawsuit is the equivalent 
of an injunction because lenders will not provide funding where 
there is pending litigation. This is fundamentally unfair. There is no 
need to show a high probability of success to secure an injunction 
and no application of a bond requirement to offset damage to the 
developer should he or she prevail. 



CEQA has also been misused by people whose move is not 
environmental protection but using the law as leverage for other 
purposes. I have seen this happen where a party argues directly to 
argue lack of CEQA compliance or where a party funds an unrelated 
group to carry the fight. These, in my opinion, go to the bad or ugly 
side of CEQA’s impact.48 



47. African American radio host and MBA, Eric L. Frazier, called this climate-based 



CEQA housing regime “environmental apartheid” since whiter, wealthier and older homeowners 



were less likely to be affected, while aspiring minority homeowners were likely to be denied 



housing even longer based on community opposition to widespread density increases and 



destruction of single family homes, bear even higher housing costs given the absence of funding 



                                                 
47 William Fulton, Insight: Everyone wants to keep leverage under CEQA, California Planning & 
Development Report (Sept. 30, 2014), http://www.cp-dr.com/node/3585. 
48 E. Clement Shute, Jr., Reprise of Fireside Chat, Yosemite Environmental Law Conference, 25 
Envtl Law News, 3 (2016).  
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sources to expand and replace undersized infrastructure and public services, and never be within 



reach of purchasing a family home.49    



48. CARB’s 2017 Scoping Plan, and its required CEQA analysis, also provide no 



assessment of alternatives for achieving the only 1% reduction in GHG emissions that the new 



housing future will accomplish from other sectors or sources, which could avoid adverse impacts 



to California’s minority communities, avoid increased housing costs and CEQA litigation risks, 



and avoid impacting existing California communities by—for example—allowing urbanization of 



even 1% more of California’s land. 



49. CARB also ignores a history of success in reducing traditional pollutants from 



cars, as required by the federal and state Clean Air Acts, while preserving the transportation 



mobility of people and goods. U.S. Environmental Protection Agency (“EPA”) reported in 2016 



that most auto tailpipe pollutants had declined by 98-99% in comparison to 1960’s cars, gasoline 



got cleaner with the elimination of lead and reduction in sulfur, and even though it had not been 



directly regulated, the primary GHG from cars (carbon dioxide) has risen nationally by less than 



20% even as VMT nationally more than doubled as a co-benefit of mandatory reductions of 



traditional pollutants.50  



50. In contrast to this success, CARB’s VMT reduction scheme and its ongoing efforts 



to intentionally increase congestion are an assault on the transportation mobility of people, which 



disparately harm minority workers who have been forced by the housing crisis to drive ever 



greater distances to work. 



51. CARB staff’s response to The Two Hundred’s December 2017 comment letter on 



the 2017 Scoping Plan is plain evidence of the intentional concealment and willful omission of 



the true impacts of the 2017 Scoping Plan and the GHG Housing Measures on California. CARB 



                                                 
49 Eric L. Frazier, The Power is Now, Facebook Live Broadcast (Feb. 28, 2018), 
https://thepowerisnow.com/events/event/jennifer-hernandez/. 
50 U.S. EPA, Historic Success of the Clean Air Act (2016), https://www.epa.gov/air-pollution-
transportation/accomplishments-and-success-air-pollution-transportation. 
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staff said that GHG Housing Measures were in a separate chapter and thus not part of the 2017 



Scoping Plan after all.51 



52. California’s climate change policies, and specifically those policies that increase 



the cost and delay or reduce the availability of housing, that increase the cost of transportation 



fuels and intentionally worsen highway congestion to lengthen commute times, and further 



increase electricity costs, have caused and will cause unconstitutional and unlawful disparate 



impacts to California’s minority populations, which now comprise a plurality of the state’s 



population. These impacts also disproportionately affect younger Californians including 



millennials (the majority of whom are minorities), as well as workers without college degrees. 



53. In short, in the midst of California’s unprecedented housing, homeless, poverty 



and transportation crisis, CARB adopted a 2017 Scoping Plan which imposes still higher housing, 



transportation and electricity costs on Californians. CARB did so without disclosing or assessing 



the economic consequences or the significant adverse environmental consequences of its GHG 



Housing Measures on California residents.  



54. In doing so, CARB again affirmed its now-wanton and flagrant pattern of violating 



CEQA—a pattern consistent with what an appellate court termed “ARB’s lack of good faith” in 



correcting earlier CEQA violations as ordered by the courts. 



55.   The GHG Housing Measures have a demonstrably disproportionate adverse 



impact on already-marginalized minority communities and individuals, including but not limited 



to Petitioners LETICIA RODRIGUEZ, TERESA MURILLO and EUGENIA PEREZ, who are 



Latina residents of Fresno County that are personally, directly and disproportionately adversely 



affected by the affordable housing shortage and the future exacerbation of that shortage if the 



GHG Housing Measures are allowed to remain in effect.  



56. The Legislature has recognized the equal right to access to housing, inter alia, in 



the California Fair Employment and Housing Act (Gov. Code § 12900 et seq.) (“FEHA”). FEHA 



                                                 
51 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
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§ 12921(b) provides that: “The opportunity to seek, obtain, and hold housing without 



discrimination because of race, color, . . . source of income . . . or any other basis prohibited by 



Section 51 of the Civil Code is hereby recognized and declared to be a civil right.” 



57. California’s housing crisis is particularly acute, and has long-lasting adverse 



impacts. As the Director of the California Department of Housing and Community Development, 



Ben Metcalf, recently reported: “Research has been unequivocal in supporting two undeniable 



conclusions: Low-income households paying more than half their income in rent have profoundly 



reduced expenditures on food, retirement, health care, and education compared with non–rent-



burdened households. And children growing up in neighborhoods of concentrated poverty are 



more likely to have psychological distress and health problems.”52 



58. The 2017 Scoping Plan is also violative of the due process and equal protection 



clauses of the California and U.S. Constitutions (Cal. Const. Art. I, § 7, U.S. Const., Amd. 14, § 



1). Accordingly, Petitioners in this action seek declaratory and injunctive relief from these 



violations pursuant to 42 U.S.C. § 1983. The GHG Housing Measures are thus unconstitutional 



on their face and as applied to Petitioners.   



59. While the unlawful and unconstitutional disparate impact of the GHG Housing 



Measures on minority communities, including Petitioners, is the most egregious feature of the 



regulations, there are numerous other flaws, each of which is fatal to the 2017 Scoping Plan and 



the GHG Housing Measures. As detailed herein, these include violations of CEQA, the APA, the 



GWSA, the California Health and Safety Code, including the California Clean Air Act (H&S 



Code § 39607 et seq.) (“CCAA”), and  the California Congestion Management Act (Gov. Code § 



65088 et seq.).  Moreover, CARB has acted in excess of its statutory authority (ultra vires).  



60. The GHG Housing Measures are unlawful both procedurally (because they were 



adopted in violation of numerous statutory requirements, including but not limited to CEQA) and 



substantively (because they frustrate and violate a wide range of state and federal laws and 



regulations prohibiting housing regulations that have an unjustified discriminatory effect).  



                                                 
52 Donna Kimura, Pop Quiz with Ben Metcalf, Affordable Housing Finance (July 8, 2016), 
http://www.housingfinance.com/news/pop-quiz-with-ben-metcalf_o. 
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61. California’s commitment to climate leadership does not require or allow CARB to 



violate the civil rights of California’s minority communities, or constitutional and statutory 



mandates for clean air, fair housing, historic preservation, consumer protection, transportation 



mobility, CEQA, or administrative rulemaking. 



62. With climate change repeatedly described as a “catastrophe” that could destroy 



civilizations, perhaps it is necessary for CARB to plunge more of California’s minority residents 



into poverty and homelessness. If so—if climate change requires that the state ignore civil rights, 



federal and state clean air, fair housing, transportation and consumer protection mandates, and 



ignore the administrative law checks and balances that require a thorough environmental and 



economic assessment of regulatory proposals—then this is a conclusion that may only be 



implemented by the Legislature, to the extent it can do so consistent with the California and 



federal Constitutions.  



63. For this reason, this action seeks declaratory and injunctive relief setting aside the 



four GHG Housing Measures, each of which places a disproportionate burden on California’s 



minority community members, including Petitioners, and for the court to direct CARB to 



complete a thorough economic and environmental analysis prior to adopting any new regulations 



or taking other actions to implement the 2017 Scoping Plan, and to return to this court with a 



revised Scoping Plan that complies with state and federal law.  



II. JURISDICTION AND VENUE 



64. This Court has jurisdiction over this proceeding pursuant to California Code of 



Civil Procedure (“CCP”) §§ 410.10, 1085, 1094.5, 526, et seq. and 1060. Defendants are subject 



to personal jurisdiction because their new GHG Housing Measures would, if allowed to remain in 



effect, pertain to Petitioners and others located within the County of Fresno. Defendants may be 



properly be served here, and jurisdiction and venue are proper here under CCP § 401, because 



Defendants are being sued in their official capacities as members of an agency of the State of 



California, and the Attorney General maintains an office in Fresno, California and the GHG 



regulations complained of herein have an effect in, and apply in, the County of Fresno, California. 
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III. PARTIES 



65. Petitioners/Plaintiffs THE TWO HUNDRED are a California-based 



unincorporated association of community leaders, opinion makers and advocates working in 



California (including in Fresno County) and elsewhere on behalf of low income minorities who 



are, and have been, affected by California’s housing crisis and increasing wealth gap.53  



66. The Two Hundred is committed to increasing the supply of housing, to reducing 



the cost of housing to levels that are affordable to California’s hard working families, and to 



restoring and enhancing home ownership by minorities so that minority communities can also 



benefit from the family stability, enhanced educational attainment over multiple generations, and 



improved family and individual health outcomes, that white homeowners have long taken for 



granted. The Two Hundred includes civil rights advocates who each have four or more decades of 



experience in protecting the civil rights of our communities against unlawful conduct by 



government agencies as well as businesses. 



67. The Two Hundred supports the quality of the California environment, and the need 



to protect and improve public health in our communities. 



68. The Two Hundred have for many decades watched with dismay decisions by 



government bureaucrats that discriminate against and disproportionately harm minority 



communities. The Two Hundred have battled against this discrimination for entire careers, which 



for some members means working to combat discrimination for more than 50 years. In litigation 



and political action, The Two Hundred have worked to force two government bureaucrats to 



reform policies and programs that included blatant racial discrimination—by for example denying 



minority veterans college and home loans and benefits that were available to white veterans, and 



promoting housing segregation as well as preferentially demolishing homes in minority 



communities.  



69. The Two Hundred sued and lobbied and legislated to force federal and state 



agencies to end redlining practices that denied loans and insurance to aspiring minority home 



                                                 
53 See www.the200leaders.org. 
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buyers and small businesses. The Two Hundred sued and lobbied to force regulators and private 



companies to recognize their own civil rights violations, and end discriminatory services and 



practices, in the banking, telecommunication, electricity, and insurance industries. 



70. The Two Hundred have learned, the hard way, that California’s purportedly 



liberal, progressive environmental regulators and environmental advocacy group lobbyists are as 



oblivious to the needs of minority communities, and are as supportive of ongoing racial 



discrimination in their policies and practices, as many of their banking, utility and insurance 



bureaucratic peers.  



71. Several years ago, The Two Hundred waged a three year battle in Sacramento to 



successfully overcome state environmental agency and environmental advocacy group opposition 



to establishing clear rules for the cleanup of the polluted properties in communities of The Two 



Hundred, and experienced first-hand the harm caused to those communities by the relationships 



between regulators and environmentalists who financially benefited from cleanup delays and 



disputes instead of creating the clear, understandable, financeable, insurable, and equitable rules 



for the cleanup and redevelopment of the polluted properties that blighted these communities. 



72. THE TWO HUNDRED’s members include, but are not limited to, members of and 



advocates for minority communities in California, including the following: 



 Joe Coto- Joe Coto is Chair of THE TWO HUNDRED. Mr. Coto is an American 



educator, city council member, and Democratic politician. From 2004-2010, he 



was a member of the California State Assembly, representing the 23rd Assembly 



District. He served as Chair of the Assembly’s Insurance committee, and held 



positions on the Elections and Redistricting, Governmental Organization, and 



Revenue and Taxation committees. He also served on the Special committee on 



Urban Education. Coto served as Chair of the 26 member Latino Legislative 



Caucus for a 2-year term, and as Vice Chair for a 2-year term..  



 John Gamboa – John Gamboa is Vice-Chair of THE TWO HUNDRED. Mr. 



Gamboa is the former Executive Director of the Greenlining Institute and has 



experience in academia, the private sector and the non-profit sector. Prior to the 
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Greenlining Institute, he was Executive Director of Latino Issues Forum, 



Communications Manager at U.C. Berkeley, Executive Director of Project 



Participar, a citizenship program, and Marketing and Advertising Manager at 



Pacific Bell. At the Greenlining Institute, Mr. Gamboa focuses on public policy 



issues that promote economic development in urban and low-income areas, and in 



developing future leaders within the country’s minority youth. He has been active 



in combating redlining and in providing a voice for the poor and underserved in 



insurance, philanthropy, banking, housing, energy, higher education and 



telecommunications. He has served on numerous boards and commissions. 



 Cruz Reynoso – Cruz Reynoso, now retired, formerly served as Legal Counsel for 



THE TWO HUNDRED. Mr. Reynoso has dedicated his life to public service 



championing civil rights, immigration and refugee policy, government reform, and 



legal services for the poor. Mr. Reynoso began his career in private practice then 



moved to public service  as the assistant director of the California Fair 



Employment Practices Commission, the associate general counsel of the Equal 



Employment Opportunity Commission, and head of the California Rural Legal 



Assistance (CRLA). Mr. Reynoso was a faculty member at the University of New 



Mexico School of Law and in 1976, he was appointed associate justice of the 



California Courts of Appeal. In 1982, he became the first Latino to be appointed 



an associate justice of the California Supreme Court. Mr. Reynoso later returned to 



private practice, and resumed his teaching career by joining the UCLA School of 



Law and then the UC Davis School of Law. Mr. Reynoso has served as Vice Chair 



of the U.S. Commission on Civil Rights, was a member of the Select Commission 



on Immigration and Human Rights, and received the Presidential Medal of 



Freedom.  



 José Antonio Ramirez – José Antonio Ramirez is a Council Member of THE TWO 



HUNDRED. He has dedicated his life to public service, especially for the residents 
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of the Central Valley, seeking to improve economic vitality, strengthen community 



life, and increase educational opportunities and housing affordability for all 



Californians, including disadvantaged members of the Latino community. He 



currently serves as President of Community Development Inc. and as City 



Manager for the City of Livingston. He was previously Program Manager, 



International Affairs Coordinator and Security Engineer and Emergency 



Management Coordinator for the U.S. Bureau of Reclamation. He served on the 



San Joaquin River Resource Management board, the Valley Water Alliance Board 



and as Chairman of the Technical Review Boards for Merced and Fresno County.  



 Herman Gallegos – Herman Gallegos is a Council Member of THE TWO 



HUNDRED. He has provided active leadership in a wide variety of community, 



corporate and philanthropic affairs spanning local, national and international 



interests. As a pioneer civil rights activist in the early 1950s, Gallegos was a leader 



in the formation of the Community Service Organization, a civil rights-advocacy 



group organized to promote the empowerment and well-being of Latinos in 



California. In 1965, while serving as a Consultant to the Ford Foundation’s 



National Affairs Program, Gallegos, with Dr. Julian Samora and Dr. Ernesto 



Galarza, made an assessment with recommendations on how the foundation might 



initiate support to address the critical needs of the rapidly growing Latino 



population in the U.S.. As a result, he was asked to organize a new conduit for 



such funds—the Southwest Council of La Raza, now the National Council of La 



Raza. Gallegos went on to become the council’s founding executive director. 



Gallegos also served as CEO of several business firms, including the U. S. Human 



Resources Corporation and Gallegos Institutional Investors Corporation. He 



became one of the first Latinos elected to the boards of publicly traded 



corporations and the boards of preeminent private and publicly supported 



philanthropic organizations, such as the Rockefeller Foundation, The San 



Francisco Foundation, The Poverello Fund and the California Endowment.  
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 Hyepin Im – Hyepin Im is a Council Member of THE TWO HUNDRED. She 



currently serves as the Founder and President of Korean Churches for Community 



Development (KCCD) whose mission is to help churches build capacity to do 



economic development work. Under Ms. Im’s leadership, KCCD has implemented 



a historic homeownership fair in the Korean community, a Home Buyer Center 



Initiative with Freddie Mac, a national database and research study on Korean 



American churches, and ongoing training programs. Previously, Ms. Im was a 



venture capitalist for Renaissance Capital Partners, Sponsorship and Community 



Gifts Manager for California Science Center, a Vice President with GTA 



Consulting Company, and a Consultant and Auditor with Ernst & Young LLP. Ms. 



Im serves on the Steering Committee of Churches United for Economic 



Development, as Chair for the Asian Faith Commission for Assemblymember 



Herb Wesson, and has served as the President of the Korean American Coalition, 



is a member of the Pacific Council, was selected to be a German Marshall Fund 



American Memorial Marshall Fellow, and most recently, was selected to take part 



in the Harvard Divinity School Summer Leadership Institute.  



 Don Perata – Don Perata is a Council Member of THE TWO HUNDRED. Mr. 



Perata began his career in public service as a schoolteacher. He went on to serve 



on the Alameda County Board of Supervisors (1986-1994) and the California State 



Assembly (1996-1998). In 1998, he was elected to the California State Senate and 



served as president pro tem of the Senate from 2004-2008. As president pro tem, 



Mr. Perata oversaw the passage of AB 32, California’s cap and trade regulatory 



scheme to reduce greenhouse gases. Mr. Perata has guided major legislation in 



health care, in-home services, water development and conservation and cancer, 



biomedical and renewable energy. Mr. Perata has broad experience in water, 



infrastructure, energy, and environmental policies, both as an elected official and a 



consultant. He is versed in the State Water Project, Bay Delta restoration, 
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renewable energy, imported water and water transfers, recycling, conservation, 



groundwater regulation, local initiative, storage and desalination. 



 Steven Figueroa – Steven Figueroa is a Council Member of THE TWO 



HUNDRED. He was born in East L. A., with a long history in California. Working 



on his first political campaign at age nine he learned that if you want change you 



have to be involved. As an adult he was involved in the labor movement through 



the California School Employees Association and later as a union shop steward at 



the U.S.P.S. A father of three, Steven has been advocating for children with 



disabilities for 30 years, beginning in 1985, for his own son, who is autistic. He 



took the Hesperia School District to court for violating his disabled son’s rights 



and prevailed. He advocates for disabled children throughout the United States, 



focusing on California. Currently, he serves as president of the Inland Empire 



Latino Coalition and sits on the advisory boards of California Hispanic Chambers 



of Commerce, the National Latina Business Women Association Inland Empire 



the Disability Rights and Legal Center Inland Empire, and as Executive Director 



for Latin PBS. He previously served as the vice president of the Mexican 



American Political Association Voter Registration & Education Corp.  



 Sunne Wright McPeak – Sunne McPeak is a Council Member of THE TWO 



HUNDRED. She is the President and CEO of the California Emerging Technology 



Fund, a statewide non-profit whose mission is to close the Digital Divide by 



accelerating the deployment and adoption of broadband. She previously served for 



three years as Secretary of the California Business, Transportation and Housing 



Agency where she oversaw the largest state Agency and was responsible for more 



than 42,000 employees and a budget in excess of $11 billion. Prior to that she 



served for seven years as President and CEO of the Bay Area Council, as the 



President and CEO of the Bay Area Economic Forum, and for fifteen years as a 



member of the Contra Costa County Board of Supervisors. She has led numerous 



statewide initiatives on a variety of issues ranging from water, to housing, to child 
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care, and served as President of the California State Association of Counties in 



1984. She was named by the San Francisco League of Women Voters as “A 



Woman Who Could Be President.” She also served on the Boards of Directors of 



First Nationwide Bank and Simpson Manufacturing Company.  



 George Dean – George Dean is a Council Member of THE TWO HUNDRED. Mr. 



Dean has been President and Chief Executive Officer of the Greater Phoenix 



Urban League since 1992. As such, he has brought a troubled affiliate back to 



community visibility, responsiveness and sound fiscal accountability. Mr. Dean, a 



former CEO of the Sacramento, California and Omaha, Nebraska affiliates boasts 



more than 25 years as an Urban League staff member. His leadership focuses on 



advocacy toward issues affecting the African-American and minority community, 



education, training, job placement and economic development. Mr. Dean annually 



raises more than 3 million dollars from major corporations, local municipalities 



and state agencies for the advancement of minority enterprises, individuals, 



families and non-profits. Mr. Dean is nationally recognized in the field of minority 



issues and advancement, and affordable housing. 



 Joey Quinto – Joey Quinto is a Council Member of THE TWO HUNDRED. Mr. 



Quinto’s has made many contributions to the advancement of the API community. 



He began his professional career as a mortgage banker. As a publisher, his weekly 



newspaper advances the interests of the API community and addresses local, 



consumer and business news, and community events. He is a member of several 



organizations including the Los Angeles Minority Business Opportunity 



Committee and The Greenlining Coalition. Mr. Quinto is the recipient of the 



Award for Excellence in Journalism during the Fourth Annual Asian Pacific 



Islander Heritage Awards in celebration of the Asian Pacific Islander American 



Heritage Month. He was also listed among the Star Suppliers of the Year of the 



Southern California Regional Purchasing Council, received the Minority Media 
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Award from the U.S. Small Business Administration, and earned a leadership 



award from the Filipino American Chamber of Commerce based in Los Angeles. 



 Bruce Quan, Jr. – Bruce Quan is a Council Member of THE TWO HUNDRED. 



Mr. Quan is a fifth generation Californian whose great grandfather, Lew Hing 



founded the Pacific Coast Canning Company in West Oakland in 1905, then one 



of the largest employers in Oakland. Bruce attended Oakland schools, UC 



Berkeley, and Boalt Hall School of Law. At Berkeley, he was a community 



activist for social justice, participated in the Free Speech Movement and the 



Vietnam Day Committee and was elected student body president. In 1973, he was 



chosen as one of three students to clerk for the Senate Watergate Committee and 



later returned to Washington to draft the “Cover-up” and “Break-in” sections of 



the committee’s final report. He worked in the Alameda’s City Attorney office, his 



own law practice advising Oakland’s Mayor Lionel Wilson on economic 



development issues in Chinatown and serving Mayor Art Agnos as General 



Counsel for the San Francisco-Shanghai Sister City Committee and the San 



Francisco-Taipei Sister City Committee. In 2000, he moved to Beijing, continued 



his law practice, worked as a professor with Peking Law School, and became 



senior of counsel with Allbright Law Offices. Now in Oakland, he has reengaged 



in issues affecting the Chinese community and on issues of social justice, public 



safety and economic development in Oakland. 



 Robert J. Apodaca – Robert Apodaca is a Council Member of THE TWO 



HUNDRED. He is a Founder of ZeZeN Advisors, Inc., a boutique financial 



services firm that connects institutional capital with developers and real estate 



owners. He has a 45-year career that spans private and public sectors. He was 



Chairman and Trustee of Alameda County Retirement Board (pension fund) and 



then joined Kennedy Associates, an institutional investor for pension funds as 



Senior Vice President & Partner. He represented Kennedy Companies on Barings 



Private Equity’s “Mexico Fund” board of directors. He later joined McLarand 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-30- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



Vasquez Emsiek & Partners, a leading international architectural and planning 



firm, as Senior Vice President of Business Development. He currently serves on 



numerous board of directors including Jobs and Housing Coalition, Greenlining 



Institute, California Community Builders and California Infill Federation. 



 Ortensia Lopez – Ortensia Lopez is a Council Member of THE TWO HUNDRED. 



She is a nationally recognized leader in creating coalitions, collaboratives and 



partnerships, resulting in innovative initiatives that ensure participation for low-



income communities. Ms. Lopez has worked in the non-profit sector for over 



forty-one years in executive management positions. She is the second of 11 



children born to parents from Mexico and the first to graduate from college. She 



currently serves on the California Public Utilities Commission’s Low-Income 



Oversight Board, as Co-Chairperson and founding member of the Greenlining 



Institute, as Vice-President Chicana/Latina Foundation, as Director of Comerica 



Advisory Board, and on PG&E’s Community Renewables Program Advisory 



Group. Ms. Lopez has earned numerous awards, including Hispanic Magazine’s 



“Hispanic Achievement Award”, San Francisco’s “ADELITA Award”, the 



prestigious “Simon Bolivar Leadership Award”, the League of Women Voters of 



San Francisco “Woman Who Could Be President” award, California Latino Civil 



Rights Network award, and the Greenlining Lifetime Achievement. 



 Frank Williams – Frank Williams is a Council Member of THE TWO 



HUNDRED. He is an established leader in the mortgage banking industry, with 



over 25 years of experience, and is an unwavering advocate for creating wealth 



through homeownership for underrepresented communities. Frank began his real 



estate finance career in 1990, emphasizing Wholesale Mortgage Banking. He 



founded Capital Direct Funding, Inc. in 2009. Today, as Co-founder and 



Divisional Manager, Mr. Williams has made Capital Direct Funding into 



California’s premier private lending firm. Capital Direct Funding’s foundations are 



built on giving back to the community by supporting several non-profits. He 
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currently serves as President of East LA Classic Theater, a non-profit that works 



with underserved school districts in California. Frank was also Past President for 



Los Angeles’ National Association of Hispanic Real Estate Professionals.  



 Leticia Rodriguez  -  Leticia Rodriguez is a resident of Fresno County, California. 



She is a low-income single mother and Latina who suffers ongoing personal harm 



from the severe shortage of housing that is affordable to working-class families. 



Within the last three years, she has spent more than 30% of her income on rent. 



She has been forced to move into her parents’ home because she cannot afford a 



decent apartment for herself and her family. 



● Teresa Murillo – Teresa Murillo is a resident of the City of Parlier in Fresno 



County, California. She is a young Latina with a low income. In recent years, she 



has spent approximately 30% of her income on housing. She currently is unable to 



afford a decent apartment and has been forced to move back in with her parents. 



● Eugenia Perez – Eugenia Perez is a resident of Fresno County, California. She is a 



Latina grandmother. The majority of her income goes to pay rent. She currently is 



renting a room on E. Fremont Avenue in Fresno. She struggles to pay rent and 



lives in fear of becoming homeless if housing prices and rent continue to increase.  



73. Defendant CALIFORNIA AIR RESOURCES BOARD is an agency of the State 



of California. On information and belief, current members of the CALIFORNIA AIR 



RESOURCES BOARD are: Mary D. Nichols, Sandra Berg, John R. Balmes, Hector De La Torre, 



John Eisenhut, Dean Flores, Eduardo Garcia, John Gioia, Ricardo Lara, Judy Mitchell, Barbara 



Riordan, Ron Roberts, Phil Serna, Alexander Sherriffs, Daniel Sperling, and Diane Takvorian. 



74. Defendant RICHARD COREY, sued herein in his official capacity, is Executive 



Officer of the CALIFORNIA AIR RESOURCES BOARD. 



75. Petitioners are ignorant of the true names or capacities of the defendants sued 



herein under the fictitious names DOES 1 through 20 inclusive. When their true names and 



capacities are ascertained, Petitioners will amend this Petition/Complaint to show such true names 



and capacities. Petitioners are informed and believe, and thereon allege, that DOES 1 through 20, 
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inclusive, and each of them, are agents or employees of one or more of the named Defendants 



responsible, in one way or another, for the promulgation and prospective enforcement of the 



GHG Housing Measures sought to be invalidated and set aside herein. 



IV. GENERAL ALLEGATIONS 



A. California’s Statutory Scheme To Reduce Greenhouse Gas Emissions and 



Avoid Disparate Impacts  



76. As part of developing solutions to global warming, the California Legislature 



adopted the California Global Warming Solutions Act of 2006 (otherwise known as “AB 32” or 



the “GWSA”) and established the first comprehensive greenhouse gas regulatory program in the 



United States. H&S Code § 38500 et seq.    



77. Under AB 32, CARB is the state agency charged with regulating and reducing the 



sources of emissions of GHGs that cause global warming. H&S Code § 38510.  



78. AB 32 required CARB to set a statewide GHG emissions limit equivalent to 



California’s 1990 GHG emissions to be achieved by 2020. H&S Code § 38550. 



79. AB 32 also required CARB to prepare, approve, and periodically update a scoping 



plan detailing how it would achieve the maximum technologically feasible and cost-effective 



GHG emissions reductions by 2020. H&S Code § 38561(a). The scoping plan is required to 



identify and make recommendations on direct emissions reductions measures, alternative 



compliance mechanisms, market-based compliance mechanisms, and potential monetary and 



nonmonetary incentives for sources to achieve reductions of GHGs by 2020. H&S Code               



§ 38561(b). The scoping plan must be updated at least every five years. H&S Code § 38561(h). 



80. In adopting a scoping plan, CARB must evaluate the total potential costs and total 



potential benefits of the plan to California’s economy, environment, and public health. H&S Code 



§ 38561(d). 



81. Each scoping plan update also must identify, for each emissions reduction 



measure, the range of projected GHG emissions reductions that result from the measure, the range 



of projected air pollution reductions that result from the measure, and the cost-effectiveness, 



including avoided social costs, of the measure. H&S Code § 38562.7. 
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82. The initial scoping plan54 was discussed in public hearings on or about December 



11, 2008. The initial scoping plan was adopted by CARB on or about May 7, 2009.  



83. On or about December 23, 2009, the initial scoping plan was challenged in the 



Superior Court for the City and County of San Francisco for failing to meet the statutory 



requirements of AB 32, the APA, and CEQA. The superior court accepted the challenge in part 



and the appeal was thereafter resolved after a further environmental document was filed.55  



84. The Low Carbon Fuel Standard (“LCFS”) was an early action item under AB 32. 



The LCFS was adopted on or about November 25, 2009 by CARB’s executive officer. CARB’s 



action to adopt the LCFS also was challenged for CEQA and APA violations. On or about 



November 2011, the Superior Court of Fresno County found that CARB had not violated the 



APA or CEQA.  On or about July 15, 2013 the Fifth District Court of Appeal reversed the 



superior court’s judgment and ordered it to issue a preemptory writ of mandate ordering CARB to 



revise and recertify its environmental assessment to meet CEQA’s standards.56  



85. The first update to the scoping plan57 was adopted on or about May 22, 2014.  



86. Thereafter, on or about May 30, 2017, the Fifth District Court of Appeal again 



found that CARB had violated CEQA and the APA, and that it had not acted in good faith in 



responding to certain of the Court’s prior orders.58 Specifically, the court found that CARB 



violated CEQA in deferring its analysis and mitigation of potential increases in nitrogen oxide 



emissions resulting from impacts of the LCFS regulations. 



                                                 
54 California Air Resources Board, Climate Change Scoping Plan (Dec. 2008), 
https://www.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf. 
55 Ass’n. of Irritated Residents v. Cal. Air Res. Bd., 2011 WL 8897315 (Cal. Super. May 20, 
2011) (approving challenges to alternatives analysis and improper “pre-approval” under CEQA) 
and Ass’n. of Irritated Residents v. Cal. Air Res. Bd. (2012) 206 Cal.App.4th 1487. 
56 POET, LLC v. California Air Resources Board (2013) 217 Cal.App.4th 1214 (holding that 
CARB prematurely approved the LCFS and improperly deferred analysis and mitigation of 
potential NOx emissions increased by the rule). 
57 California Air Resources Board, First Update to the Climate Change Scoping Plan (May 2014), 
https://www.arb.ca.gov/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.
pdf. 
58 POET, LLC v. State Air Resources Board (2017) 12 Cal.App. 5th 52. 
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87. In 2016, the California Legislature adopted SB 32, which required CARB to 



ensure that rules and regulations adopted pursuant to the GWSA would target California’s GHG 



emissions for reductions of 40% below 1990 levels by 2030. H&S Code § 38566. 



88. AB 32 requires CARB to update the scoping plan at least every five years. CARB 



superseded its 2014 Scoping Plan with the current 2017 Scoping Plan adopted on December 14, 



2017. The 2017 Scoping Plan contains the new GHG Housing Measures complained of herein.59   



89. Between December, 2017 and mid-April, 2018, Petitioners, through counsel, 



sought to persuade CARB to eliminate or materially modify the four new GHG Housing 



Measures complained of herein, without success. During this time, the parties entered into a series 



of written tolling agreements that were continuously operative until April 30, 2018.    



 



B. The 2017 Scoping Plan  



90. Throughout 2016 and 2017, CARB prepared the 2017 Scoping Plan. CARB held 



meetings on or about January 27, 2017, February 16-17, 2017 and December 14, 2017 to accept 



public comment on the proposed 2017 Scoping Plan. 



91.  Because the Scoping Plan is both sweeping and vague, and because it was not 



preceded by a notice of proposed rulemaking, Petitioners THE TWO HUNDRED, et al. did not 



initially appreciate the significance of the new GHG regulations and standards embedded in the 



2017 Scoping Plan by CARB staff.  



92. Petitioners submitted a detailed letter commenting on the 2017 Scoping Plan on 



December 11, 2017, in advance of CARB’s meeting to vote on the 2017 Scoping Plan.60 The 



letter included extensive citations to documents and publications analyzing California’s ongoing 



housing crisis and the disproportionate impact of the worsening housing shortage on marginalized 



minority communities.  



                                                 
59 California Air Resources Board, The 2017 Climate Change Scoping Plan Update (Jan. 20, 
2017), https://www.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdf. 
60 The Two Hundred Comment Letter dated Dec. 11, 2017, can be found in the Supplemental 
Responses to Comments on the Environmental Analysis Prepared for the Proposed Strategy for 
Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 74, 
https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf 
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93. On December 14, 2017, CARB adopted the 2017 Scoping Plan. 



94. While the 2017 Scoping Plan is replete with protestations to the effect that it is 



only providing “guidance” rather than a “directive or mandate to local governments” (see, e.g., 



Scoping Plan, p. 99), it is plain that CARB’s pronouncements on the GHG Housing Measures, by 



their nature, will be given the force and effect of law. Numerous courts have stated that when an 



agency has specific expertise in an area and/or acts as lead or responsible agency under CEQA, 



and publishes guidance, that guidance must be taken into consideration and will be given heavy 



weight. 



95.  In California Building Industry Assn. v. Bay Area Air Quality Mgmt. Dist. (2016) 



2 Cal.App.5th 1067, 1088, the court rejected the notion that the District’s CEQA guidelines were 



a nonbinding, advisory document. The court stated that the guidelines suggested a routine 



analysis of air quality in CEQA review and were promulgated by an air district that acts as either 



lead or responsible agency on projects within its jurisdictional boundaries.  



96. In addition, in Center for Biological Diversity v. Cal. Dept. of Fish and Wildlife 



(2015) 62 Cal.4th 204, 229, the court recognized the value of “performance based standards” as 



CEQA thresholds, as outlined in the Scoping Plan or other authoritative body of regulations.  



97. Further, in Cleveland Nat. Forest Foundation, et al v. San Diego Assoc. of 



Governments (2017) 3 Cal.5th 497, 515, the court held that even though the 2050 Executive 



Order was not an adopted GHG reduction plan and there was no legal requirement to use it as a 



threshold of significance, that was not dispositive of the issue. Although lead agencies have 



discretion in designing an Environmental Impact Report (“EIR”) under CEQA, the court stated 



that the exercise of that discretion must be “based to the extent possible on scientific and factual 



data” and thus the scientific basis for the Executive Order’s and CARB’s emission reduction 



goals must be considered in a CEQA analysis. 



98. Thus, because CEQA documents must take a long term view of GHG compliance 



and because of the deference and weight other agencies are required to give to CARB guidance, 



the measures alleged to be “guidance” are in reality self-implementing regulations having an 



immediate “as applied” effect. 
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99. The LAO also has recognized that CARB’s Scoping Plans include “a wide variety 



of regulations intended to help the state meet its GHG goal…”61  



C. CARB’s Improper “Cumulative Gap” Reduction Requirement 



100. In AB 32, the Legislature directed CARB to reduce statewide GHG emissions to 



1990 levels by 2020 via measures in the first Scoping Plan. This legislative mandate is simple and 



uncontested. CARB concluded that California’s GHG emissions were 431 million metric tons of 



carbon dioxide equivalent (“MMTCO2e”) in 1990.  



101. SB 32 established the more stringent mandate of reducing GHG emissions to 40% 



below 1990 levels by 2030, even though California’s population and economic activities are 



expected to continue to increase during this period. The 2030 Target is simple math: 40% below 



431 MMTCO2e equals 258.6 MMTCO2e.62 Thus, the 2017 Scoping Plan created measures to 



reduce statewide emissions to 260 MMTCO2e by 2030. 



102. The 2017 Scoping Plan first evaluates the “Reference Scenario”, which is the 



emissions expected in 2030 by continuing “Business as Usual” and considering existing legal 



mandates to reduce GHG emissions that have been implemented, but without adopting any new 



GHG reduction measures. The Scoping Plan concludes that in this scenario California’s GHG 



.emissions will fall to 389 MMTCO2e by 2030.   



103. Because numerous GHG reduction mandates are being phased in over time, CARB 



also evaluated a “Known Commitments Scenario” (which CARB confusingly named the 



“Scoping Plan Scenario”) which estimates GHG emissions in 2030 based on compliance with all 



legally required GHG reduction measures, including those that have not yet been fully 



implemented. Under the “Known Commitments Scenario” the 2017 Scoping Plan concludes that 



California’s GHG emissions will fall to 320 MMTCO2e by 2030.   



                                                 
61 LAO, Cap-and-Trade Revenues: Strategies to Promote Legislative Priorities (Jan. 21, 2016), 
http://www.lao.ca.gov/reports/2016/3328/cap-trade-revenues-012116.pdf, at p. 5-6. 
62 CARB generally rounds this to 260 MMTCO2e. 
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104. Given that SB 32 required a reduction to 260 MMTCO2e, this left a gap of 60 



MMTCO2e for which CARB was required to identify measures in the 2017 Scoping Plan in the 



“Known Commitments Scenario” and 129 MMTCO2e in the “Reference Scenario”. 



105. CARB declined to comply with this legislated mandate, and instead invented a 



different “cumulative gap” reduction requirement which requires far more GHG emission 



reductions.  



106. Neither the Scoping Plan nor any of its appendices explain how this “cumulative 



gap” reduction requirement was derived, and the methodology and assumptions CARB used can 



only be located in one of several modeling spreadsheets generally referenced in the plan. 



107. CARB’s unlegislated “cumulative gap” requirement is based on the unsupportable 



assumption that state emissions must decline in a fixed trajectory from 431 MMTCO2e in 2020 to 



258.6 MMTCO2e in 2030 despite the fact that SB 32 does not require that the state reach the 



2030 Target in any specific way. CARB arbitrarily created the “cumulative gap” requirement by 



summing the annual emissions that would occur from 2021-2030 if emissions declined in a 



straight line trajectory, which totaled 3,362 MMTCO2e, as follows: 



 



Annual emissions based 
on a straight line 
trajectory from 2020 to 
2030 (MMTCO2e) 



2020                 431.0  



2021                 413.8  



2022                396.5  



2023                 379.3  



2024                 362.0  



2025                 344.8  



2026                 327.6  



2027                 310.3  



2028                 293.1  



2029                 275.8  



2030                258.6  



2021-2030 
Cumulative 
Emissions                   3,362  
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108. CARB then summed the annual emissions projected to occur from 2021-2030 



under the “Reference Scenario” without the implementation of the measures included in the 



“Known Commitments Scenario,” as 3,982 MMTCO2e.  



109. CARB then subtracted the cumulative “Reference Scenario” emissions (3,982 



MMTCO2e) from the cumulative emissions based on the straight line trajectory (3,362 



MMTCO2e) and illegally used the difference, 621 MMTCO2e, as a new, unlegislated GHG 



“cumulative gap” reduction requirement. 



Year 



“Reference 
Scenario” Annual 



Emissions 
(MMTCO2e) 



2020                 415.8  



2021                 411.0  



2022                 405.5  



2023                 400.3  



2024                 397.6  



2025                 398.7  



2026                 396.8  



2027                 395.5  



2028                 394.4  



2029                 393.9  



2030                 388.9  



2021-2030 Cumulative 
Emissions                   3,982  



Difference from Straight Line 
Cumulative Emissions Total                      621  



110. Scoping Plan Figure 7, for example, is titled “Scoping Plan Scenario – Estimated 



Cumulative GHG Reductions by Measure (2021–2030).” The identified measures show the 



amount of reductions required to “close” the 621 MMTCO2e GHG “cumulative gap” CARB 



invented from the difference in cumulative emissions from 2021-2030 between a hypothetical 



straight line trajectory to the 2030 Target and the “Reference Scenario” projections.  
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111. Figure 8 of the Scoping Plan and associated text provide an “uncertainty analysis 



to examine the range of outcomes that could occur under the Scoping Plan policies and measures” 



which is entirely based on the 621 MMTCO2e GHG “cumulative gap” metric.63  



112. CARB also calculated that the cumulative annual emissions projected to occur 



under the “Known Commitments Scenario” from 2021-2030 would be 3,586 MMTCO2e and 



subtracted this amount from the cumulative emissions generated by the straight line trajectory 



(3,362 MMTCO2e). The difference is 224 MMTCO2e, which is incorrectly shown as 236 



MMTCO2e in Table 3 of the Scoping Plan and in the text following Table 3. CARB illegally 



characterized the 224 MMTCO2 difference as the “cumulative emissions reduction gap” in the 



“Known Commitments Scenario” in the Scoping Plan and evaluated the need for additional 



measures on the basis of “closing” this unlegislated and unlawful “cumulative gap”. 



 



Year 



“Known 
Commitments 



Scenario” Annual 
Emissions 



(MMTCO2e) 



2020                 405.5  



2021                 396.8  



2022                 387.1  



2023                 377.6  



2024                 367.4  



2025                 362.7  



2026                 354.4  



2027                 347.1  



2028                 340.4  



2029                331.8  



2030                 320.4  



2021-2030 Cumulative 
Annual Emissions                   3,586  



Difference from Straight 
Line Cumulative Emissions 
Total                      224  



                                                 
63 The analysis discussion references Scoping Plan Appendix E for more details. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-40- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



113. The California legislature in no way authorized CARB to invent a “cumulative 



gap” methodology based on an unreasonable and arbitrary straight line trajectory from 2020 to 



the 2030 Target, which counted each year’s shortfall against the 2030 Target and then added all 



such shortfalls to inflate reduction needed from the 129 and 60 MMTCO2e (depending on 



scenario) required by the 2030 Target to the 621 and 224 MMTCO2e “cumulative gap” 



requirements.   



114. SB 32 does not regulate cumulative emissions and only requires that the 2030 



Target of 260 MMTCO2e be achieved by 2030. CARB’s own analysis shows that existing legal 



requirements will reduce emissions to 320 MMTCO2e in 2030. At most, CARB was authorized to 



identify measures in the Scoping Plan that would further reduce emissions by 60 MMTCO2e in 



2030 under the “Known Commitments Scenario”. CARB instead illegally created new, and much 



larger “cumulative gap”  reduction requirements of 224 MMTCO2e and 621 MMTCO2e.  



115. CARB arbitrarily determined that the straight line trajectory to the 2030 Target 



was the only way to reach the mandate of 260 MMTCO2e by 2030 when there are numerous 



potential paths that California’s GHG emission reductions could take between 2021 and 2030. 



116. For example, as shown in Figure 1 below, in reaching the 2020 Target, 



California’s GHG emissions reductions have not followed a straight line trajectory, but have gone 



up and down based on the economy and other factors.64 



 



 



 



 



 



 



 



                                                 
64 Figure 1 is from the California Air Resources Board’s 2017 Edition of California’s GHG 
Emission Inventory (June 6, 2017), p. 2, 
https://www.arb.ca.gov/cc/inventory/pubs/reports/2000_2015/ghg_inventory_trends_00-15.pdf. 
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117. CARB’s arbitrary and capricious requirement that reductions must meet a 



cumulative GHG reduction total, rather than take any path feasible that gets the state to the 2030 



Target is unlawful. 



118. Both AB 32 (and earlier Scoping Plans) and SB 32 contemplated a “step down” of 



GHG emissions to the quantity established for the target year, with the “step down” increments 



occurring as new technologies, regulations, and other measures took effect. This step down 



approach has been part of air pollution control law for decades.  



119. Under the federal Clean Air Act (“CAA”), the EPA sets National Ambient Air 



Quality Standards (“NAAQS”) that set air quality levels in certain years for specific pollutants 



(e.g., the 2015 NAAQS for ozone is 70 ppb and it must be achieved as expeditiously as possible). 



States then create and adopt State Implementation Plans (“SIPs”) which include control measures 



to indicate how the state will meet the NAAQS standard. The reductions that the SIPs must 



achieve via their control measures to reach the NAAQS are always interpreted as being applicable 



to the target year, i.e., how much reduction will need to occur in one year to reduce emissions 



from business as usual to the NAAQS level? The SIPs do not plan for emission reduction 



measures that must reduce emissions cumulatively over time (from the time of adoption of the 
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2015 ozone NAAQS until the year it is reached), such that not meeting the NAAQS in earlier 



years means that those excess emissions must be added to future years to create the required 



emissions reductions to balloon over time as the NAAQS goes unmet.  



120. In addition, criteria air pollutants regulated by EPA, CARB, and California’s local 



air districts are always regulated under a cost/ton disclosure metric in which the expected cost to 



reduce emissions must be not only explained in rulemaking documents, but taken into 



consideration in deciding whether to adopt any rule controlling emissions. This system has 



worked to reduce tailpipe emissions of criteria pollutants from passenger cars by 99% over time.   



121. Given this clear and consistent pattern of EPA and CARB interpretation of the 



legal status of air quality levels to be achieved by a certain time, it was arbitrary and capricious 



for CARB to create this “deficit accounting” metric in the cumulative gap analysis rather than 



merely creating measures which would meet the 2030 Target by 2030. 



122. CARB also used the unlawful “cumulative gap” reduction metric to identify the 



nature and extent of Scoping Plan reduction measures, including the GHG Housing Measures, 



address uncertainties in achieving these reductions, and to complete the legally mandated FA and 



EA for the 2017 Scoping Plan.  



123.   CARB’s unilateral creation and use of the “cumulative gap” reduction 



requirement instead of the statutory SB 32 2030 Target is unlawful, and imposes new cost 



burdens, including on housing, that will further exacerbate the housing-induced poverty crisis. 



D. The Four New, Unlawful GHG Housing Measures the 2017 Scoping Plan 



Authorizes 



1. Unlawful VMT Reduction Requirement   



124. Among the new regulations and standards added to CARB’s 2017 Scoping Plan—



which were not in any of its earlier scoping plans—is a requirement to reduce VMT. This 



requirement is part of the Scoping Plan Scenario presented in Chapter 2 in the “Mobile Source 



Strategy.”65  



                                                 
65 See Scoping Plan, p. 25 Table 1: Scoping Plan Scenario (listing Mobile Source Strategy 
(Cleaner Technology and Fuels [CTF] Scenario)).  
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125. The “Mobile Source Strategy” includes a requirement to reduce VMT. This 



allegedly would be achieved by continued implementation of SB 375, regional Sustainable 



Communities Strategies, statewide implementation of SB 743, and potential additional VMT 



reduction strategies included in Appendix C (“Potential VMT Reduction Strategies for 



Discussion”). Scoping Plan, p. 25. 



126.  The 2017 Scoping Plan states that “VMT reductions will be needed to achieve the 



2030 target” and to meet the 2050 GHG emission reduction goal set in Executive Order S-3-05. 



Scoping Plan, p. 75.  



127. CARB states that VMT reductions of 7 percent below projected VMT are 



necessary by 2030 and 15 percent below projected VMT by 2050. Scoping Plan, p. 101. 



128. The “Mobile Source Strategy” measure requires a 15 percent reduction in total 



light-duty VMT from the business as usual scenario by 2050. Scoping Plan, p. 78. It also requires 



CARB to work with regions to update SB 375 targets to reduce VMT to reach the 2050 goal and 



to implement VMT as the CEQA metric for assessing transportation impacts. Id. 



129. The “Mobile Source Strategy” as a whole is estimated to result in cumulative GHG 



emission reductions of 64 MMTCO2e per year. Scoping Plan, p. 28. 



130. These VMT reduction requirements are included in the 2017 Scoping Plan without 



appropriate recognition of the counterproductive effects of such a fixation on reducing VMT in 



the context of affordable housing proximate to job centers. 



131. The 2017 Scoping Plan notes that promoting stronger boundaries to suburban 



growth, such as urban growth boundaries, will reduce VMT. Scoping Plan, p. 78. This also raises 



housing prices within the urban growth boundary and pushes low-income Californians, including 



minorities, to unacceptable housing locations with long drive times to job centers.  



132. Other VMT reduction measures in the 2017 Scoping Plan, such as road user and/or 



VMT-based pricing mechanisms, congestion pricing, and parking pricing, further disadvantage 



low-income and minority residents who must drive farther through more congested roads. 



133. The VMT reductions called for in Chapters 2 and 5 of the Scoping Plan make no 



distinction for miles driven by electric vehicles with zero GHG emissions or for miles driven by 
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hybrid vehicles when using only electric power. Instead, they would advance a suite of new 



burdens, including charging individual drivers for each vehicle mile travelled, and intentionally 



increasing overall roadway congestion to induce more workers to use public transit. 



134. CARB’s new VMT requirements, which purport to encourage public transit, 



essentially ignore the fact that far fewer than 10% of Californians can get from their home to their 



jobs in less than one hour on public transit, and that public transit ridership has fallen nationally 



and in California.66 CARB’s new VMT requirements fail to rationally address the reality that 



VMT continues to increase rather than decrease in California due to increasing population and 



employment levels.67   



135. CARB’s answer to reducing VMT by increasing bicycling, walking, and transit 



use is a laughable solution for low-income Californians, such as those living in the San Joaquin 



Valley and commuting to jobs in the San Francisco Bay Area.68 



136. The burden of CARB’s VMT reduction measures falls disproportionately on 



minority workers already forced by the housing crisis to endure long and even “mega” commutes 



lasting more than three hours per day.69 The vast majority of middle and lower-income jobs  



(disproportionately performed by minority workers) require those workers to be physically 



present at their job sites to be paid. Affected job categories include teachers, nurses, emergency 



                                                 
66 Laura J. Nelson, L.A. Bus Ridership Continues to Fall: Officials Now Looking to Overhaul the 
System, L.A. Times (May 23, 2017) http://www.latimes.com/local/lanow/la-me-ln-bus-ridership-
study-20170518-story.html; Center for Transportation Studies, Access Across America, 
University of Minnesota (2017) http://www.cts.umn.edu/research/featured/access. 
67 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets, Feb. 2018, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf, p. 19. 
68 Conor Dougherty, Andrew Burton, A 2:15 Alarm, 2 Trains and a Bus Get Her to Work by 7 
A.M., N.Y. Times (Aug. 17, 2017), https://www.nytimes.com/2017/08/17/business/economy/san-
francisco-commute.html. 
69 2007 and 2016 American Community Survey 1-Year Estimates, Table B08303 series (Travel 
Time To Work, Workers 16 years and over who did not work at home), 
https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t (showing increase 
in commute time from 2007 to 2016 in California and Bay Area); 2007 and 2016 American 
Community Survey 1-Year Estimates, Table S802 series (Means of transportation to work by 
selected characteristics), 
https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t (showing more 
Latino and noncitizen workers commuting to work by driving alone). 
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responders, courtroom and municipal service workers, construction workers, day care and home 



health care workers, retail clerks, and food service workers.70 



137. In addition to being ill-conceived, CARB’s new VMT measures are not statutorily 



authorized. The Legislature has repeatedly rejected proposed legislation to mandate that 



Californians reduce their use of cars and light duty trucks (e.g., personal pickup trucks), including 



most recently in 2017 (Senate Bill 150, Allen).    



138. Only a different agency, the Office of Planning and Research (“OPR”), has 



legislative authority to regulate VMT. It has not done so. In Senate Bill 743 (2013), the 



Legislature authorized OPR to consider adopting VMT as a new threshold for assessing the 



significance of transportation impacts under CEQA, but only after OPR completed a rulemaking 



process and amended the regulatory requirements implementing CEQA, i.e., the CEQA 



Guidelines (14 C.C.R. §  15000 et seq.) (“CEQA Guidelines”). OPR has commenced but not 



completed the process for amending the CEQA Guidelines as authorized by SB 743.   



139. Instead of regulating VMT, CARB’s role under SB 375 is to encourage higher 



density housing and public transit and thereby reduce GHGs. In this context, CARB has included 



VMT reduction metrics for helping achieve GHG reduction goals in current SB 375 targets.   



140. In the past, when CARB proposed to establish standalone VMT reduction targets 



(independent of GHG emission reduction targets) it has been swamped with objections and 



concerns, including challenges to its legal authority to attempt to impose fees and restrictions on 



driving as a standalone mandate independent of regional GHG reduction targets.   



141. Until its adoption of the 2017 Scoping Plan, CARB had rightly stopped short of 



purporting to set out standalone VMT reduction targets and methods. At the same meeting that 



CARB approved the 2017 Scoping Plan, CARB agreed to indefinitely postpone establishing 



regional VMT reduction targets for a variety of reasons (including but not limited to the fact that 



notwithstanding current efforts, VMT is actually increasing).    



                                                 
70 Adam Nagourney and Conor Dougherty, The Cost of a Hot Economy in California: A Severe 
Housing Crisis, N.Y. Times (July 17, 2017), https://www.nytimes.com/2017/07/17/us/california-
housing-crisis.html. 
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142. Immediately following its determination to indefinitely postpone its proposal to 



adopt standalone VMT reduction targets, CARB nevertheless voted to approve the 2017 Scoping 



Plan’s VMT reduction mandate, which includes in pertinent part a GHG measure requiring 



additional VMT reductions beyond the reductions achieved via SB 743 and SB 375. See Scoping 



Plan p. 25, Table 1, p. 101.   



143. The inherent contradiction between the morning CARB agenda discussion 



indefinitely postponing establishing SB 375 VMT reduction targets, and CARB’s afternoon 



agenda item approving the 2017 Scoping Plan, going above and beyond the VMT reductions 



CARB elected not to set a few hours earlier, caused widespread confusion. Even the CARB 



Board chair reported that she was “confused” – but CARB’s unlawful action to mandate reduced 



driving by individual Californians was nevertheless unanimously approved in the 2017 Scoping 



Plan that CARB has now adopted.  



144. In order to achieve these newly-mandated reductions in VMT, CARB intends to 



intentionally increase congestion to induce transit use. OPR’s proposal for updating the CEQA 



Guidelines to include VMT as a metric for analyzing transportation impacts states that adding 



new roadway capacity increases VMT.71 The OPR proposal further states that “[r]educing 



roadway capacity (i.e. a “road diet”) will generally reduce VMT and therefore is presumed to 



cause a less than significant impact on transportation. Building new roadways, adding roadway 



capacity in congested areas, or adding roadway capacity to areas where congestion is expected in 



the future, typically induces additional vehicle travel.” Id. at p. III:32.  



145. Attempting to reduce VMT by purposefully increasing congestion by reducing 



roadway capacity will not lead to GHG emission reductions. Instead, increasing congestion will 



cause greater GHG emissions due to idling, not to mention increased criteria air pollutant72 and 



                                                 
71 OPR, Revised Proposal on Updates to the CEQA Guidelines Evaluating Transportation Impacts 
in CEQA (Jan. 20, 2016), p. I:4, 
http://www.opr.ca.gov/docs/Revised_VMT_CEQA_Guidelines_Proposal_January_20_2016.pdf. 
72 The six criteria air pollutants designated by the Environmental Protection Agency (“EPA”) are 
particulate matter (“PM”), ozone, nitrogen dioxide (“NO2” or “NOx”), carbon monoxide (“CO”), 
sulfur dioxide (“SO2”), and lead. 
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toxic air contaminant73 emissions. CARB has no authority to impose a VMT limit and any VMT 



limit imposed by an agency must be approved in a formal rulemaking process.  



146. As implemented, CARB’s VMT reduction measure will not achieve the GHG 



reductions ascribed to it in the 2017 Scoping Plan and has no rational basis. In fact, it will 



increase air quality and climate related environmental impacts, something not analyzed in the EA 



for the 2017 Scoping Plan. 



147. In addition, CARB has recently undergone an update of regional GHG emission 



reduction targets under SB 375 in which CARB stated that: “In terms of tons, CARB staff’s 



proposed [SB 375] targets would result in an estimated additional reduction of approximately 8 



million metric tons of CO2 per year in 2035 compared to the existing targets. The estimated 



remaining GHG emissions reductions needed would be approximately 10 million metric tons 



CO2 per year in 2035 based on the Scoping Plan Update scenario. These remaining GHG 



emissions reductions are attributed to new State-initiated VMT reduction strategies described in 



the Scoping Plan Update.”74 



148. Thus, CARB’s only stated support for needing the VMT reduction mandates in the 



2017 Scoping Plan is to close a gap to the Scoping Plan Update Scenario that the SB 375 targets 



will not meet. However, all of the allegedly “necessary” reductions in the Scoping Plan Update 



Scenario are based on CARB’s unlawful “cumulative gap” reduction requirement, which, as 



described above, improperly ballooned the GHG reductions required from 60 to 224 MMTCO2e 



based on the “Known Commitments Scenario” and from 129 to 621 MMTCO2e based on the 



“Reference Case Scenario.”  



149. Because of CARB’s unlawful “cumulative gap” calculation, CARB now argues 



that the VMT reduction mandates are necessary, but the only reason they are necessary is to meet 



the unlawful “cumulative gap” reduction requirements. 



                                                 
73 Toxic air contaminants, or TACs, include benzene, hexavalent chrome, cadmium, chloroform, 
vinyl chloride, formaldehyde, and numerous other chemicals.  
74 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), p. 35, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf. 
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150. There is also no evidence that CARB’s estimated 10 MMTCO2e per year 



reductions based on the VMT reduction mandate is in any way achievable. The Right Type, Right 



Place report75 estimates only 1.79 MMTCO2e per year will be reduced from both lower VMT and 



smaller unit size houses using less energy and thus creating lower operational emissions.  



151. The Staff Report for SB 375 acknowledges that VMT has increased, that the 



results of new technologies are at best mixed in early reports as to VMT reductions, and that the 



correlation between VMT and GHG is declining.76 There is no evidence that the 10 MMTCO2e 



per year reductions based on the VMT reduction mandate in the 2017 Scoping Plan is in any way 



something other than a number created solely based on the fundamental miscalculation about the 



2030 target demonstrated by the “cumulative gap” methodology in the 2017 Scoping Plan.  



2. Unlawful CEQA Net Zero GHG Threshold 



152. The 2017 Scoping Plan also sets a net zero GHG threshold for all projects subject 



to CEQA review, asserting that “[a]chieving no net additional increase in GHG emissions, 



resulting in no contribution to GHG impacts, is an appropriate overall objective for new 



development”. Scoping Plan, p. 101-102. 



153. The Scoping Plan directs that this new CEQA “zero molecule” GHG threshold be 



presumptively imposed by all public agencies when making all new discretionary decisions to 



approve or fund projects in all of California, where under CEQA “project” is an exceptionally 



broad legal term encompassing everything from transit projects to recycled water plants, from the 



renovation of school playgrounds to building six units of affordable housing, from the adoption of 



General Plans applicable to entire cities and counties to the adoption of a single rule or regulation.   



154. This is an unauthorized, unworkable and counterproductive standard as applied to 



new housing projects. CEQA applies to the “whole of a project”, which includes construction 



                                                 
75 Nathaniel Decker et al., Right Type Right Place: Assessing the Environmental and Economic 
Impacts of Infill Residential Development through 2030, U.C. Berkeley Terner Center for 
Housing Innovation and Center for Law, Energy and the Environment (Mar. 2017), 
https://ternercenter.berkeley.edu/right-type-right-place. 
76 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), p. 19, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf. 
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activities, operation of new buildings, offsite electricity generation, waste management, 



transportation fuel use, and a myriad of other activities. Meeting a net zero threshold for these 



activities is not possible. While there have been examples of “net zero” buildings—which are 



more expensive than other housing77—none of these examples included the other components of 



a “project” as required by CEQA. 



155. The Scoping Plan’s “net zero” CEQA provisions also would raise housing and 



homeowner transportation costs and further delay completion of critically needed housing by 



increasing CEQA litigation risks—thereby exacerbating California’s acute housing and poverty 



crisis.78 



156. Despite CARB’s claim that this “net zero” threshold is “guidance”, CARB’s status 



as the expert state agency on GHG emissions means that all lead agencies or project proponents 



will have to accept this standard in CEQA review unless they can prove by substantial evidence 



that a project cannot meet the standard. 



157. The threshold has immediate evidentiary weight as the expert conclusion of the 



state’s expert GHG agency. An agency’s failure to use the 2017 Scoping Plan’s CEQA threshold 



has already been cited as legal error in the comment letter preceding the expected lawsuit against 



the Northlake housing project in Los Angeles.79 



158. A “net zero” GHG threshold is inconsistent with current California precedent 



affirming that compliance with law is generally an acceptable CEQA standard. See, e.g., Center 



for Biological Diversity v. Dept. of Fish and Wildlife (2016) 62 Cal.4th 204, 229 (“Newhall”) (a 



lead agency can assess consistency with AB 32 goal by looking to compliance with regulatory 



programs). This includes, but is not limited to, using compliance with the cap-and-trade program 



as appropriate CEQA mitigation for GHG and transportation impacts.  



                                                 
77 LAO, Evaluating California’s Pursuit of Zero Net Energy State Buildings (Nov. 14, 2017), 
http://www.lao.ca.gov/Publications/Report/3711. 
78 Chang-Tai Hsieh and Enrico Moretti, How Local Housing Regulations Smother the U.S. 
Economy, N.Y. Times (Sept. 6, 2017), https://www.nytimes.com/2017/09/06/opinion/housing-
regulations-us-economy.html. 
79 Center for Biological Diversity, Letter to Los Angeles County (April 16, 2018),   
http://planning.lacounty.gov/assets/upl/case/tr073336_correspondence-20180418.pdf. 
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159. The Scoping Plan’s expansive new “net zero” GHG CEQA threshold is directly at 



odds with, and is dramatically more stringent than, the existing CEQA regulatory threshold for 



GHG emissions. This existing threshold was adopted by OPR pursuant to specific authorization 



and direction from the Legislature in SB 97. In the SB 97 rulemaking context, OPR, in its 



Statement of Reasons, expressly rejected a “zero molecule” or “no net increase” GHG threshold 



(now adopted by CARB without Legislative authority) as being inconsistent with, and not 



supported by, CEQA’s statutory provisions or applicable judicial precedent. OPR stated that 



“[n]otably, section 15064.4(b)(1) is not intended to imply a zero net emissions threshold of 



significance. As case law makes clear, there is no “one molecule rule” in CEQA.”80 



160. In January of 2017, OPR commenced a formal rulemaking process for what it 



describes as a “comprehensive” set of regulatory amendments to the CEQA Guidelines. After 



adoption of the 2017 Scoping Plan, OPR has not proposed to change the existing GHG thresholds 



in the Guidelines to conform with CARB’s unauthorized new “net zero” GHG threshold. Instead, 



OPR has expressly criticized reliance on a numerical project-specific assessment of GHGs. 



161. In short, CARB’s “net zero” GHG threshold is inconsistent with OPR’s legal 



conclusion that CEQA cannot be interpreted to impose a “net zero” standard.81   



162. In addition to being Legislatively unauthorized and unlawful, the “net zero” GHG 



threshold would operate unconstitutionally so as to disproportionately disadvantage low income 



minorities in need of affordable housing relative to wealthier, whiter homeowners who currently 



occupy the limited existing housing stock.82 This disadvantage arises because of the use of CEQA 



                                                 
80 OPR, Final Statement of Reasons for Regulatory Action, Amendments to the State CEQA 
Guidelines Addressing Analysis and Mitigation of Greenhouse Gas Emissions Pursuant to SB 97 
(Dec. 2009), p. 25, http://resources.ca.gov/ceqa/docs/Final_Statement_of_Reasons.pdf. 
81 See OPR, Proposed Updates to the CEQA Guidelines (Nov. 2017), p. 81-85, 
http://opr.ca.gov/docs/20171127_Comprehensive_CEQA_Guidelines_Package_Nov_2017.pdf. 
82 See Richard Rothstein, Color of Law: A Forgotten History of How Our Government 
Segregated America (2017) for a historical review of how zoning and land use laws were 
designed to promote discrimination against African Americans and other communities of color, 
patterns that, in many instances, have been maintained to this day; see also Housing Development 
Toolkit, The White House (Sept. 2016), 
https://www.whitehouse.gov/sites/whitehouse.gov/files/images/Housing_Development_Toolkit%
20f.2.pdf. 
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litigation by current homeowners to block new housing for others, including especially low 



income housing for minorities.83 



163. Under CEQA, once an impact is considered “significant”, it must be “mitigated” 



by avoidance or reduction measures “to the extent feasible.” Pub. Res. Code §§ 21002, 21002.1; 



14 C.C.R. § 15020(a)(2). By imposing a presumptive “net zero” GHG threshold on all new 



projects pursuant to CEQA, CARB has instantly and unilaterally increased the GHG CEQA 



mitigation mandate to “net zero” unless a later agency applying CEQA can affirmatively 



demonstrate, through “substantial evidence”, that this threshold is not “feasible” as that term is 



defined in the CEQA Guidelines. 



164.   Under CEQA, any party—even an anonymous litigant—can file a CEQA lawsuit 



challenging the sufficiency of a project’s analysis and mitigation for scores of “impacts,” 



including GHG emissions. See Save the Plastic Bag Coalition v. City of Manhattan Beach (2011) 



52 Cal.4th 155.  



165. Anonymous use of CEQA lawsuits, as well as reliance on CEQA lawsuits to 



advance economic objectives such as fast cash settlements, union wage agreements, and 



competitive advantage, has been repeatedly documented—but Governor Brown has been unable 



                                                 
83 See Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df; see also Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf; Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment: Litigation Abuse Under CEQA (August 2015),  
https://www.hklaw.com/publications/in-the-name-of-the-environment-litigation-abuse-under-
ceqa-august-2015/. 
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to secure the Legislature’s support for CEQA because, as he explains, unions use CEQA to 



leverage labor agreements.84  



166. Using CEQA to advance economic rather than environmental objectives, and 



allowing anonymous lawsuits to mask more nefarious motives including racism and extortion, has 



established CEQA litigation (and litigation threats) as among the top reasons why adequate 



housing supplies have not been built near coastal jobs centers.85   



167. The “net zero” threshold, as applied to new housing projects in California, adds 



significantly to the risk and CEQA litigation outcome uncertainty faced by persons who wish to 



build such housing.86 Not even the California Supreme Court, in Newhall, supra, 62 Cal.4th 204, 



could decide how CEQA should apply to a global condition like climate change in the context of 



considering the GHG impacts of any particular project. Instead, the Supreme Court identified four 



“potential pathways” for CEQA compliance. Notably, none of these was the “net zero” threshold 



adopted by CARB in its 2017 Scoping Plan.   



168. The California Supreme Court has declined to mandate, under CEQA, a non-



statutory GHG threshold. Instead, the California Supreme Court has recognized that this area 



remains in the province of the Legislature, which has acted through directives such as SB 375. 



Cleveland National Forest Foundation v. San Diego Assn. of Gov’ts (2017) 3 Cal.5th 497 



(“SANDAG”). 



169. As explained in The Two Hundred’s comment letter, and referenced academic and 



other studies in that letter, the top litigation targets of CEQA lawsuits statewide are projects that 



                                                 
84 See Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf, p. 10-12 (stating Governor Brown’s 2016 conclusion that CEQA litigation reform was 
politically impossible because labor unions use litigation threats to “hammer” project sponsors 
into agreeing to enter into union labor agreements, and Building Trades Council lobbyist Caesar 
Diaz testimony in “strong opposition” to legislative proposal to require disclosure of the identity 
and interests of those filing CEQA lawsuits at the time CEQA lawsuits are filed, rather than at the 
end of the litigation process when seeking attorneys’ fees, wherein Mr. Diaz concluded that 
requiring such disclosure would “dismantle” CEQA).    
85 Legislative Analyst’s Office, California’s High Housing Costs: Causes and Consequences, May 
17, 2015, http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
86 See Id. 
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include housing.87 Over a three year period in the SCAG region, nearly 14,000 housing units were 



challenged in CEQA lawsuits, even though 98% of these units were located in already developed 



existing communities and 70% were located within a short distance of frequent transit and other 



existing infrastructure and public services. This and a referenced prior study also showed that the 



vast majority of CEQA lawsuits filed statewide are against projects providing housing, 



infrastructure and other public services and employment uses within existing communities.88   



170. Thus, the same minority families victimized by the housing-induced poverty crisis, 



and forced to drive ever longer distances to qualify for housing they can afford to rent or buy are 



disproportionately affected by CEQA lawsuits attacking housing projects that are proximate to 



jobs.  



171. Expanding CEQA to require only future occupants of acutely needed housing units 



to double- and triple-pay to get to and from work with a CEQA mitigation obligation to purchase 



GHG offsets to satisfy a “net zero” threshold unlawfully and unfairly discriminates against new 



occupants in violation of equal protection and due process. 



172. Finally, CARB’s “net zero” threshold fails to address the likelihood that it will 



actually be counterproductive because of “leakage” of California residents driven out to other 



states because of unaffordable housing prices.89 Including this measure in the 2017 Scoping Plan 



bypasses statutory requirements to discourage and minimize “leakage”—movement of 



                                                 
87 See Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df; see also Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf; Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment: Litigation Abuse Under CEQA (August 2015),  
https://www.hklaw.com/publications/in-the-name-of-the-environment-litigation-abuse-under-
ceqa-august-2015/ 
88 Ibid. 
89 California experienced a net loss of 556,710 former residents to other states during 2010 to 
2017. U.S. Census Bureau, Table 4. Cumulative Estimates of the Components of Resident 
Population Change for the United States, Regions, States, and Puerto Rico: April 1, 2010 to July 
1, 2017 (NST-EST2017-04) (Dec. 2017), 
https://www.census.gov/data/datasets/2017/demo/popest/nation-total.html. 
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economically productive activities to other states or countries that have much higher GHG 



emissions on a per capita basis than California. Imposing “net zero” standards that end up 



shutting down or blocking economic activities in California results in a global increase in GHGs 



when those activities move to other states or countries with higher per capita GHG emissions.90   



173. It is noteworthy that the GWSA and SB 32 “count” only GHG emissions produced 



within the state, and from the generation of out-of-state electricity consumed in the state. When a 



family moves from California to states such as Texas (nearly three times higher per capita GHG 



emissions) or Nevada (more than double California’s per capita GHG emissions), global GHG 



emissions increase even though California’s GHG emissions decrease.  



174. The housing crisis has resulted in a significant emigration of families that cannot 



afford California housing prices, and this emigration increases global GHG emissions—precisely 



the type of “cumulative” contribution to GHGs that OPR explains should be evaluated under 



CEQA, rather than CARB’s net zero GHG threshold which numerically-focuses on project-level 



GHG emissions and mitigation.91    



175. The Scoping Plan’s CEQA threshold is appropriately justiciable, and should be 



vacated for the reasons set forth herein. 



3. Unlawful Per Capita GHG Targets for Local Climate Action Plans 



176. California’s per capita GHG emissions are already far lower than all but two 



states. The only state with low per capita GHG emissions that is comparable to California is New 



York, which has a lower per capita GHG emission level but also six nuclear power plants 



                                                 
90 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People Move 
In, The Sacramento Bee (Mar. 5, 2017), 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-housing-costs-poll-
finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
91 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People Move 
In, The Sacramento Bee (Mar. 5, 2017), 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-housing-costs-poll-
finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
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(compared to California’s one) as well as more reliable hydropower from large dams that are less 



affected by the cyclical drought cycles affecting West Coast rivers.92   



177. California’s current very low per capita GHG emissions are approximately 11 



MMTCO2e.   



178. The existing CEQA Guidelines include a provision that allows projects that 



comply with locally-adopted “climate action plans” (“CAPs”) to conclude that project-related 



GHG emissions are less than significant, and thus require no further mitigation that would add to 



the cost of new housing projects.   



179. In Newhall, supra, 62 Cal.4th at 230, the California Supreme Court endorsed 



CAPs, and wrote that a project’s compliance with an approved CAP could be an appropriate 



“pathway” for CEQA compliance. No local jurisdiction is required by law to adopt a CAP, but if 



a CAP is adopted, then the Supreme Court has held that it must have enforceable measures to 



actually achieve the CAP’s GHG reduction target. SANDAG, supra, 3 Cal.5th 497. 



180. The CAP compliance pathway through CEQA was upheld in Mission Bay Alliance 



v. Office of Community Invest. & Infrastructure (2016) 6 Cal.App.5th 160. This compliance 



pathway provides a more streamlined, predictable, and generally cost-effective pathway for 



housing and other projects covered by the local CAP.  



181. In stark contrast, CARB’s unlawful new per capita GHG requirements effectively 



direct local governments—cities and counties—to adopt CAPs that reduce per capita GHG 



emissions from eleven to six MMTCO2e per capita by 2030, and to two MMTCO2e per capita by 



2050. This mandate is unlawful. 



182. First, CARB has no statutory authority to impose any 2050 GHG reduction 



measure in CAPs or otherwise since the Legislature has repeatedly declined to adopt a 2050 GHG 



target (including by rejecting earlier versions of SB 32 that included such a 2050 target), and the 



California Supreme Court has declined to interpret CEQA to mandate a 2050 target based on an 



Executive Order. SANDAG, supra, 3 Cal.5th at 509; Newhall, supra, 62 Cal.4th at 223. 



                                                 
92 U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
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183. Second, the Scoping Plan attributes the vast majority of state GHG emissions to 



transportation, energy, and stationary source sectors over which local governments have little or 



no legal jurisdiction or control. A local government cannot prohibit the sale or use of gasoline or 



diesel-powered private vehicles, for example—nor can a local government regulate and redesign 



the state’s power grid, or invent and mandate battery storage technology to capture intermittent 



electricity produced from solar and wind farms for use during evening hours and cloudy days.  



184. The limited types of GHG measures that local governments can mandate (such as 



installation of rooftop solar, water conservation, and public transit investments) have very 



small—or no—measurable quantitative effect on GHG emission reductions. The 2017 Scoping 



Plan Appendix recommending local government action does not identify any measure that would 



contribute more than a tiny fraction toward reducing a community’s per capita GHG emissions to 



six metric tons or two metric tons, respectively.  



185. Additionally, under state law, local governments’ authority to require more 



aggressive GHG reductions in buildings is subject to a cost-effectiveness test decided by the 



California Building Standards Commission (“CBSC”)—the same CBSC that has already 



determined that “net zero”, even for single family homes and even for just the electricity used in 



such homes, is not yet feasible or cost-effective to impose.93   



186. Third, it is important to consider the per capita metrics that the 2017 Scoping Plan 



wants local governments to achieve in their localized climate action plans in a real world context. 



Since most of the world’s energy is still produced from fossil fuels, energy consumption is still 



highly correlated to economic productivity and per capita incomes and other wealth-related 



metrics such as educational attainment and public health.94 The suggested very low per capita 



                                                 
93 California Energy Commission, 2019 Building Energy Efficiency Standards PreRulemaking 
Presentation - Proposed 2019 Building Energy Efficiency Standards ZNE Strategy (Aug. 24, 
2017), http://docketpublic.energy.ca.gov/PublicDocuments/17-BSTD-
01/TN220876_20170824T105443_82217_ZNE_Strategy_Presentation.pdf. 
94 See Mengpin Ge, Johannes Friedrich, and Thomas Damassa, 6 Graphs Explain the World’s 
Top 10 Emitters, World Resources Institute (Nov. 25, 2014), https://wri.org/blog/2014/11/6-
graphs-explain-world%E2%80%99s-top-10-emitters (see tables entitled “Per Capita Emissions 
for Top 10 Emitters” and “Emissions Intensity of Top 10 Emitters” showing that emissions are 
generally linked to GDP). 
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metrics in the 2017 Scoping Plan are currently only achieved by countries with struggling 



economies, minimal manufacturing and other higher wage middle income jobs, and extremely 



high global poverty rates.  



187. Growing economies such as China and India bargained for, and received, 



permission to substantially increase their GHG emissions under the Paris Accord precisely 



because economic prosperity remains linked to energy use.95 This is not news: even in the 1940’s, 



the then-Sierra Club President confirmed that inexpensive energy was critical to economic 



prosperity AND environmental protection. 



188. Nor has CARB provided the required economic or environmental analysis that 



would be required to try to justify its irrational and impractical new per capita GHG target 



requirements. As with CARB’s project-level “net zero” CEQA threshold, the per capita CEQA 



expansion for CAPs does not quantify the GHG emission reductions to be achieved by this 



measure.   



189. Finally, these targets effectively create CEQA thresholds as compliance with a 



CAP is recognized by the California Supreme Court as a presumptively valid CEQA compliance 



pathway. Newhall, supra, 62 Cal.4th at 230 (stating that local governments can use climate action 



plans as a basis to tier or streamline project-level CEQA analysis). The targets clearly establish 



CARB’s position on what would (or would not) be consistent with the 2017 Scoping Plan and the 



State’s long-term goals. Courts have stated that GHG determinations under CEQA must be 



consistent with the statewide CARB Scoping Plan goals, and that CEQA documents taking a 



goal-consistency approach to significance need to consider a project’s effects on meeting the 



State’s longer term post-2020 goals. Thus, these per capita targets are essentially self-



implementing CEQA requirements that lead and responsible agencies will be required to use.  



190. The CAP measure thus effectively eliminates the one predictable CEQA GHG 



compliance pathway that has been upheld by the courts, compliance with an adopted CAP. The 



                                                 
95 Marianne Lavelle, China, India to Reach Climate Goals Years Early, as U.S. Likely to Fall Far 
Short, Inside Climate News (May 16, 2017), https://insideclimatenews.org/news/15052017/china-
india-paris-climate-goals-emissions-coal-renewable-energy. 
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pathway that CARB’s per capita GHG targets would unlawfully displace is fully consistent with 



the existing CEQA Guidelines adopted pursuant to full rulemaking procedures based on express 



Legislative direction. 



191. In short, the 2017 Scoping Plan directs local governments to adopt CAPs—which 



the Supreme Court has explained must then be enforced—with per capita numeric GHG reduction 



mandates in sectors that local governments have no legal or practical capacity to meet, without 



any regard for the consequential losses to middle income jobs in manufacturing and other 



business enterprises, or to the loss of tax revenues and services from such lost jobs and 



businesses,96 or to the highly disparate impact that such anti-jobs measures would have on 



minority populations already struggling to get out of poverty and afford housing.  



192. While the 2017 Scoping Plan acknowledges that some local governments may 



have difficulty achieving the per capita targets if their communities have inherently higher GHG 



economic activities, such as agriculture or manufacturing, such communities are required to 



explain why they cannot meet the numeric targets—and withstand potential CEQA lawsuit 



challenges from anyone who can file a CEQA lawsuit.  



193. As with CARB’s project-level “net zero” CEQA threshold, CARB’s new per 



capita GHG targets are entirely infeasible, unlawful, and disparately affect those in most need of 



homes they can afford with jobs that continue to exist in manufacturing, transportation, and other 



sectors having GHG emissions that are outside the jurisdiction and control of local governments. 



                                                 
96 Just four states—Ohio, Pennsylvania, Georgia and Indiana—collectively have a population and 
economy comparable with California. With a combined gross product of $2.25 trillion in 2016, 
these four states would be the 8th largest economy in the world if considered a nation. Yet despite 
achieving five times more GHG emission reductions than California since 2007, in 2016 these 
four states had 560,000 fewer people in poverty and 871,000 more manufacturing jobs (including 
200,000 new jobs from 2009 to 2017 compared with just 53,000 in California). U.S. Bureau of 
Labor Statistics, Monthly Total Nonfarm Employment, Seasonally Adjusted, 
https://www.bls.gov/data/; U.S. Bureau of Economic Analysis, Table 3. Current-Dollar Gross 
Domestic Product (GDP) by State, 2016:Q1-2017:Q3, 
https://www.bea.gov/newsreleases/regional/gdp_state/qgdpstate_newsrelease.htm; Liana Fox, 
The Supplemental Poverty Measure: 2016, U.S. Census Bureau Report Number: P60-261 (Sept. 
21, 2017), https://www.census.gov/library/publications/2017/demo/p60-261.html; U.S. Census 
Bureau, 2016 American Community Survey 1-Year Estimates, Table B15001, Sex by age by 
educational attainment for the population 18 years and over, https://factfinder.census.gov/. 
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They are also inconsistent with current standards and common sense and result in unjustifiable 



disproportionate adverse impacts on California minorities, including Petitioners. 



4. Appendix C “Vibrant Communities” Policies Incorporating Unlawful 



VMT, “Net Zero” and CO2 Per Capita Standards 



194. Chapter 5 of CARB’s 2017 Scoping Plan explains that notwithstanding the other 



GHG Housing Measures (e.g., the VMT reduction mandated in Chapter 2), California must do 



“more” to achieve the 2030 Target. With this in mind, CARB purports to empower eight new 



state agencies—including itself—with a new, non-legislated role in the plan and project approval 



process for local cities and counties. This hodgepodge of unlegislated, and in many cases 



Legislatively-rejected, new “climate” measures is included in what the Scoping Plan calls a 



“Vibrant Communities” appendix. 



195. Cities and counties have constitutional and statutory authority to plan and regulate 



land use, and related community-scale health and welfare ordinances. Cities and counties are also 



expressly required to plan for adequate housing supplies, and in response to the housing crisis and 



resulting poverty and homeless crisis, in 2017 the Legislature enacted 15 new bills designed to 



produce more housing of all types more quickly. These include: Senate Bills (“SB”) 2, SB 3, SB 



35, SB 166, SB 167, SB 540, SB 897, and Assembly Bills (“AB”) 72, AB 73, AB 571, AB 678, 



AB 1397, AB 1505, AB 1515,  and AB 1521. 



196. The Legislature has periodically, and expressly, imposed new statutory obligations 



on how local agencies plan for and approve land use projects. For example, in recent years, the 



Legislature required a greater level of certainty regarding the adequacy of water supplies as well 



as expressly required new updates to General Plans, which serve as the “constitution” of local 



land use authority, to expressly address environmental justice issues such as the extent to which 



poor minority neighborhoods are exposed to disproportionately higher pollution than wealthier 



and whiter neighborhoods.   



197. Local government’s role in regulating land uses, starting with the Constitution and 



then shaped by scores of statutes, is where the “rubber hits the road” on housing: without local 
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government approval of housing, along with the public services and infrastructure required to 



support new residents and homes, new housing simply cannot get built. 



198. The Legislature has repeatedly authorized and/or directed specific agencies to have 



specific roles in land use decisionmaking.  



199. The Legislature also is routinely asked to impose limits on local land use controls 



that have been rejected during the legislative process, such as the VMT reduction mandates 



described above. The Vibrant Communities Scoping Plan appendix is a litany of  new policies, 



many of which were previously considered and rejected by the Legislature, directing eight state 



agencies to become enmeshed in directing the local land use decisions that under current law 



remain within the control of cities and counties (and their voting residents) and not within any 



role or authority delegated by the Legislature.  



200. Just a few examples of Vibrant Community Scoping Plan measures adopted by 



CARB that have been expressly considered and rejected by the Legislature or are not legal 



include:  



(A)  Establishing mandatory development area boundaries (urban growth 



boundaries) around existing cities, that cannot be changed even if approved by local voters as 



well as the city and county, to encourage higher density development (e.g., multi-story apartments 



and condominiums) and to promote greater transit use and reduce VMT. An authoritative study 



that CARB funded, as well as other peer reviewed academic studies, show that there is no 



substantial VMT reduction from these high density urban housing patterns—although there is 



ample confirmation of “gentrification” (displacement of lower income, disproportionately 



minority) occupants from higher density transit neighborhoods to distant suburbs and exurbs 



where workers are forced to drive greater distances to their jobs.97 Mandatory urban growth 



boundaries have been routinely rejected in the Legislature. See AB 721 (Matthews, 2003) 



                                                 
97 UCLA Department of Urban and Regional Planning, Oriented For Whom? The Impacts of 
TOD on Six Los Angeles Neighborhoods (June 2, 2015), 
http://www.urbandisplacement.org/sites/default/files/images/spring_2015_tod.pdf. 
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(proposing the addition of mandatory urban growth boundaries in the land use element of 



municipalities’ general plans). 



(B)  Charging new fees for cities and counties to pay for “eco-system services” 



such as carbon sequestration from preserved vegetation on open space forests, deserts, 



agricultural and rangelands. Taxes or fees could not be imposed on residents of Fresno or Los 



Angeles to pay for preservation of forests in Mendocino or watersheds around Mount Lassen 



unless authorized by votes of the people or the Legislature—except that payment of fees has 



become a widespread “mitigation measure” for various “impacts” under CEQA. The 2017 



Scoping Plan’s express approval of the “Vibrant Communities” Appendix creates a massive 



CEQA mitigation measure work-around that can be imposed in tandem with agency approvals of 



local land use plans and policies that entirely bypasses the normal constitutional and statutory 



requirements applicable to new fees and taxes. Since CEQA applies only to new agency 



approvals, this unlawful and unauthorized framework effectively guarantees that residents of 



newly-approved homes will be required to shoulder the economic costs of the additional 



“mitigation” measures. This idea of taxation has been rejected by voter initiatives such as 



Proposition 13 (which limits ad valorem tax on real property to 1 percent and requires a 2/3 vote 



in both houses to increase state tax rates or impose local special taxes) and Proposition 218 



(requiring that all taxes and most charges on property owners are subject to voter approval). 



(C)  Intentionally worsening roadway congestion, even for voter-funded and CARB- 



approved highway and roadway projects, to “induce” people to rely more on walking, biking, and 



public transit, and reduce VMT. Efficient goods movement, and avoidance of congestion, on 



California’s highways and roads is required under both federal and state transportation and air 



quality laws. This component of “Vibrant Communities” is another example of a VMT reduction 



mandate, but is even more flatly inconsistent with applicable laws and common sense. Voters 



have routinely approved funding for new carpool lanes and other congestion relief projects. The 



goods movement industry—which is linked to almost 40% of all economic activity in Southern 



California and is critical to agricultural and other product-based business sectors throughout 
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California—cannot function under policies that intentionally increase congestion.98  CARB has 



itself approved hundreds of highway improvement projects pursuant to the Legislative mandates 



in SB 375—yet the “Vibrant Communities” appendix unilaterally rejects this by telling 



Californians not to expect any relief from gridlock, ever again. The Legislature and state agencies 



have also consistently rejected VMT reduction mandates. See SB 150 (Allen, 2017) (initially 



requiring regional transportation plans to meet VMT reductions but modified before passage); SB 



375 (Steinberg, 2008) (early version stating bill would require regional transportation plan to 



include preferred growth scenario designed to achieve reductions in VMT but modified before 



passage). 



(D) Mileage-based road pricing strategies which charge a fee per miles driven. 



These types of “pay as you drive” fees are barred by current California law, which prohibits local 



agencies from “imposing a tax, permit fee or other charge” in ways that would create congestion 



pricing programs. Vehicle Code § 9400.8. Yet CARB attempts to override a Legislative mandate 



via the 2017 Scoping Plan and its “Vibrant Communities” strategies. 



201. Through the Vibrant Communities strategies, CARB attempts to give state 



agencies expansive authority and involvement in city and county decisionmaking. The 2017 



Scoping Plan asserts that the Vibrant Communities strategies will reduce GHG emissions by an 



amount that is “necessary” to achieving California’s 2030 Target. However, no effort is made by 



CARB to quantify the reductions it anticipates would result from injecting these agencies into 



local decisionmaking processes. Instead, CARB merely states that the “Vibrant Communities” 



appendix is a supposedly-necessary step to meet the 2030 Target. 



202. The eight named state agencies CARB attempts to give unauthorized authority 



over local actions are:99 



                                                 
98 Edward Humes, Four Easy Fixes for L.A. Traffic, L.A. Times (Apr. 10, 2016), 
http://www.latimes.com/opinion/livable-city/la-oe-humes-why-cant-trucks-and-cars-just-get-
along-20160410-story.html; Eleanor Lamb, California Eyes Future Projects to Relieve Freight 
Congestion, Transport Topics (Mar. 26, 2018), http://www.ttnews.com/articles/california-eyes-
future-projects-relieve-freight-congestion. 
99 Several of the eight named agencies are parent agencies, each of which has several subordinate 
agencies and departments. If these are counted, they collectively elevate the number of state 
agencies being coopted to join in CARB’s local land use power grab to nearly twenty. 
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(1)  Business, Consumer Services and Housing Agency, which among other 



subordinate agencies includes the Department of Housing and Community Development (HCD), 



which alone among these agencies has direct statutory responsibility for designating housing 



production and corresponding land use planning requirements for cities and counties;    



(2)  California Environmental Protection Agency, which is the parent agency for 



CARB as well as several other agencies and departments; 



(3)  California Natural Resources Agency, another parent agency of subordinate 



agencies and departments; 



(4)  California State Transportation Agency, most notably Caltrans – which the 



Scoping Plan would redirect from implementing their statutory responsibilities to reduce 



congestion and facilitate transportation on the state’s highways to instead advancing CARB’s 



“road diet” policy of intentionally increasing congestion to satisfy CARB’s desire to induce more 



public transit ridership; 



(5)  California Health and Human Services Agency, which among other duties 



administers health and welfare assistance programs;  



(6)   California Department of Food and Agriculture, which among other duties 



regulates food cultivation and production activities; 



(7)  Strategic Growth Council, formed in 2008 by SB 732, which is tasked with 



“coordinating” activities of state agencies to achieve a broad range of goals but has no 



independent statutory authority to regulate housing or local land use plans and projects; and 



(8)  Governor’s Office of Planning and Research, which has statutory responsibility 



to issue the CEQA Guidelines as well as “advisory” guidelines for local agency preparation of 



General Plans pursuant to Gov. Code § 65040.  



203. The “Vibrant Communities” Appendix includes provisions that conflict with 



applicable law and/or have been rejected by the Legislature and cannot now be imposed by 



CARB through the 2017 Scoping Plan given California’s comprehensive scheme of agency-



allocated land use obligations (certain agencies—such as California Department of Fish and 
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Game, the Regional Water Quality Control Boards, and the Coastal Commission—already 



possess land use authority or obligations based on statutory or voter-approved schemes).  



204. If CARB intends that other agencies be imbued with similar land use authority, it 



should ask the Legislature for such authority for those agencies, not its own Board. The “Vibrant 



Communities” Appendix should be struck from the 2017 Scoping Plan for this reason. 



205. Less housing that is more expensive (urban growth boundary)100, increased 



housing cost (CEQA mitigation measure fees), and ever-worsening gridlock resulting in ever- 



lengthier commutes with ever-increasing vehicular emissions and ever-reduced time at home with 



children, is the dystopian “necessity” built into the “Vibrant Communities” appendix.   



206. Bureaucrats and tech workers in the “keyboard” economy who can work remotely, 



with better wages, benefits and job security that remove the economic insecurity of lifetime renter 



status, should be just fine. They can live in small apartments in dense cities filled with coffee 



shops and restaurants, rely on home delivery of internet-acquired meals and other goods, and 



enjoy “flextime” jobs that avoid the drudgery of the five-day work week model.  



207. But for the rest of the California populace—including particularly the people 



(disproportionately minorities) staffing those restaurants and coffee shops, delivering those 



goods, providing home healthcare and building and repairing our buildings and infrastructure, and 



those Californians that are actually producing food and manufacturing products that are 



consumed in California and around the world—“Vibrant Communities” is where they can’t afford 



to live, where they sleep in their cars during the week, where they fall into homelessness for 



missing rental payments because of an illness or injury to themselves or a family member.101 For 



these folks, “Vibrant Communities” amounts to an increase in poverty, homelessness, and 



premature “despair deaths” as well as permanent drop outs from the work force. 



                                                 
100 Shishir Mathur, Impact of Urban Growth Boundary on Housing and Land Prices: Evidence 
from King County, Washington, Journal of Housing Studies Vol. 29 – Issue 1 (2014), 
https://tandfonline.com/doi/abs/10.1080/02673037.2013.825695. 
101 Alastair Gee, Low-income workers who live in RVs are being 'chased out' of Silicon Valley 
streets, The Guardian (June 29 2017), https://www.theguardian.com/us-news/2017/jun/29/low-
income-workers-rvs-palo-alto-california-homeless.  
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208. For the foregoing reasons, the “Vibrant Communities” appendix is an unlawful 



and unconstitutional attempt by CARB to supplant existing local land use law and policy 



processes with a top-down regime that is both counterproductive and discriminatory against 



already-disadvantaged minority Californians, including but not limited to Petitioners. 



E. CARB’s Inadequate Environmental Analysis and Adverse Environmental 



Effects of the 2017 Scoping Plan 



209. Along with the 2017 Scoping Plan, CARB prepared an EA purporting to comply 



with CEQA requirements.102  



210. Under its certified regulatory program, CARB need not comply with requirements 



for preparing initial studies, negative declarations, or environmental impact reports. CARB’s 



actions, however, remain subject to other provisions of CEQA. CEQA Guidelines § 15250. 



211. CARB’s regulatory program is contained in 17 C.C.R. §§ 60005, 60006, and 



60007. These provisions require the preparation of a staff report at least 45 days before the public 



hearing on a proposed regulation, which report is required to be available for public review and 



comment. It is also CARB's policy “to prepare staff reports in a manner consistent with the 



environmental protection purposes of [ARB’s] regulatory program and with the goals and policies 



of [CEQA].” The provisions of the regulatory program also address environmental alternatives 



and responses to comments on the EA. 



212. For purposes of its CEQA review, CARB defined the project as the Proposed 



Strategy for Achieving California’s 2030 Greenhouse Gas Target (Scoping Plan) and the 



recommended measures in the 2017 Plan (Chapter 2).  



213. The Draft EA was released on or about January 20, 2017 for an 80-day public 



review period that concluded on or about April 10, 2017. 



214. On or about November 17, 2017, CARB released the Final EA. CARB did not 



modify the Draft EA to bring it into compliance with CEQA’s requirements. 



                                                 
102 CARB has a regulatory program certified under Pub. Res. Code § 21080.5 and pursuant to this 
program CARB conducts environmental analyses to meet the requirements of CEQA. 
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215. The Final EA provides a programmatic analysis of the potential for adverse 



environmental impacts associated with implementation of the 2017 Scoping Plan. It also 



describes feasible mitigation measures for identified significant impacts.  



216. The Final EA states that, although the 2017 Scoping Plan is a State-level planning 



document that recommends measures to reduce GHG emissions to achieve the 2030 target, and its 



approval does not directly lead to any adverse impacts on the environment, implementation of the 



measures in the Plan may indirectly lead to adverse environmental impacts as a result of 



reasonably foreseeable compliance responses.  



217. The Final EA also states that CARB expects that many of the identified potentially 



significant impacts can be feasibly avoided or mitigated to a less-than-significant level either 



when the specific measures are designed and evaluated (e.g., during the rulemaking process) or 



through any project-specific approval or entitlement process related to compliance responses, 



which typically requires a project-specific environmental review. 



218. The EA violated CEQA by failing to comply with its requirements in numerous 



ways, as described below. 



1. Deficient Project Description 



219. The EA’s Project description was deficient because CARB did not assess the 



“whole of the project” as required by CEQA. The GHG Housing Measures are included in the 



2017 Scoping Plan (in Chapters 2 and 5) and thus the “project” for CEQA purposes should have 



been defined to include potential direct and indirect impacts on the environment from the four 



GHG Housing Measures. Instead, CARB described the Project for CEQA purposes as the 



measures only in Chapter 2 of the 2017 Scoping Plan.  



220. CARB has acknowledged that Chapter 5 of the 2017 Scoping Plan (which sets out 



the new GHG Housing Measures) was not part of what it analyzed in issuing the Scoping Plan. In 



CARB’s words, “These recommendations in the ‘Enabling Local Action’ subchapter of the 
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Scoping Plan are not part of the proposed ‘project’ for purposes of CEQA review.”103 Thus, 



CARB admits that it did not even pretend to analyze the consequences of the provisions of 



Chapter 5 of the Scoping Plan.  



221. The VMT reduction requirement is part of the Scoping Plan Scenario presented in 



Chapter 2 in the “Mobile Source Strategy”.104 Chapter 2 is included in the description of the 



Project in the EA but Chapter 5 is not, despite the fact that the VMT reduction mandate is found 



in both chapters.  



222. For this reason, CARB applied an unreasonable and unlawful “project” definition 



and undermined CEQA’s informational and decision-making purposes. 



2. Improper Project Objectives 



223. The Project objectives in the EA are also improperly defined in relation to the 



2017 Scoping Plan, the unlawful GHG Housing Measures, and the goals explained in the 2017 



Scoping Plan.105 The EA states that the primary objectives of the 2017 Scoping Plan are: 



 Update the Scoping Plan for achieving the maximum technologically feasible and 



cost-effective reductions in GHG emissions to reflect the 2030 target; 



 Pursue measures that implement reduction strategies covering the State’s GHG 



emissions in furtherance of executive and statutory direction to reduce GHG 



emissions to at least 40 percent below 1990 levels by 2030; 



 Increase electricity derived from renewable sources from one-third to 50 percent; 



 Double efficiency savings achieved at existing buildings and make heating fuels 



cleaner; 



 Reduce the release of methane and other short-lived climate pollutants; 



                                                 
103 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
104 Scoping Plan, p. 25 Table 1: Scoping Plan Scenario (listing Mobile Source Strategy (Cleaner 
Technology and Fuels [CTF] Scenario)). 
105 Appendix F to 2017 Scoping Plan, Final Environmental Analysis for the Strategy for 
Achieving California’s 2030 Greenhouse Gas Target, p. 10-11, 
https://www.arb.ca.gov/cc/scopingplan/2030sp_appf_finalea.pdf. 
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 Pursue emission reductions that are real, permanent, quantifiable, verifiable and 



enforceable;  



 Achieve the maximum technologically feasible and cost-effective reductions in 



GHG emissions, in furtherance of reaching the statewide GHG emissions limit; 



 Minimize, to the extent feasible, leakage of emissions outside of the State;  



 Ensure, to the extent feasible, that activities undertaken to comply with the 



measures do not disproportionately impact low-income communities; 



 Ensure, to the extent feasible, that activities undertaken pursuant to the measures 



complement, and do not interfere with, efforts to achieve and maintain the 



NAAQS and CAAQS and reduce toxic air contaminant (“TAC”) emissions; 



 Consider overall societal benefits, including reductions in other air pollutants, 



diversification of energy sources, and other benefits to the economy, environment, 



and public health;  



 Minimize, to the extent feasible, the administrative burden of implementing and 



complying with the measure;  



 Consider, to the extent feasible, the contribution of each source or category of 



sources to statewide emissions of GHGs;  



 Maximize, to the extent feasible, additional environmental and economic benefits 



for California, as appropriate;  



 Ensure that electricity and natural gas providers are not required to meet 



duplicative or inconsistent regulatory requirements. 



224. Because CARB used the unlawful “cumulative gap” methodology to calculate the 



emission reductions that it was required to achieve by 2030, the 2017 Scoping Plan does not meet 



the project objectives as described in the EA, i.e., to meet the 2030 Target.  



225. As explained throughout this Petition, CARB’s 2017 Scoping Plan and the 



unlawful GHG Housing Measures are not cost-effective, are contrary to law, are not equitable to 



all Californians, and will increase criteria and TAC emissions preventing attainment of the 



NAAQS and CAAQS 
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226. For this reason, other alternatives to the 2017 Scoping Plan, including an 



alternative without the GHG Housing Measures, should have been assessed in the EA. 



3. Illegal Piecemealing 



227. CEQA requires an environmental analysis to consider the whole of the project and 



not divide a project into two or more pieces to improperly downplay the potential environmental 



impacts of the project on the environment.   



228. CARB improperly piecemealed its 2017 Scoping Plan and the GHG Housing 



Measures within it from its similar and contemporaneous SB 375 GHG target update.106 Both 



projects address mandated GHG reductions based on VMT and thus should have been addressed 



as one project for CEQA purposes. 



229. In separately issuing the 2017 Scoping Plan and the SB 375 GHG target update, 



CARB improperly piecemealed a project under CEQA and thus the EA is inadequate as a matter 



of law. 



4. Inadequate Impact Analysis 



230. The analysis in the EA also was deficient because the EA did not analyze impacts 



from implementing the four GHG Housing Measures in Chapter 5, including, but not limited to, 



the CEQA net zero threshold, the VMT limits, and per capita GHG CAP targets, and the suite of 



Vibrant Communities measures.  



231. Potential environmental impacts from these GHG Housing Measures overlap 



substantially with similar high density, transit-oriented, automobile use reduction measures 



included in regional plans to reduce GHGs from the land use and transportation sectors under SB 



375.  CARB has reviewed and approved more than a dozen SB 375 regional plans, each of which 



is informed by its own “programmatic environmental impact report (“PEIR”).  



232. Each PEIR for each regional plan has identified multiple significant adverse 



environmental impacts which cannot be avoided or further reduced with feasible mitigation 



                                                 
106 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), 
https://www.arb.ca.gov/cc/sb375/sb375.htm. 
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measures or alternatives.107 In the first regional plan adopted for the SCAG region, California’s 



most-populous region, the PEIR compared the impacts of developing all new housing within 



previously-developed areas in relation to developing half of such new housing in such areas, and 



the other half in previously-undeveloped areas near existing major infrastructure like freeways.   



233. The SCAG 2012 PEIR concluded that the all-infill plan caused substantially more 



unavoidable significant adverse environmental impacts in relation to the preferred plan which 



divided new development equally between infill and greenfield locations.108  



234. Following public comments and refinement of the PEIR (inclusive of the addition 



and modification of various mitigation measures to further reduce significant adverse 



environmental impacts), SCAG approved the mixed infill/greenfield plan instead of the all-infill 



alternative. CARB then approved SCAG’s plan—first in 2012 and then again in 2016—as 



meeting California’s applicable statutory GHG reduction mandates.109   



235. The Scoping Plan’s GHG Housing Measures now direct an infill only (or mostly 



infill) outcome, which SCAG’s 2012 PEIR assessed and concluded caused far worse 



environmental impacts, even though it would result in fewer GHG emissions. In other words, 



SCAG’s PEIR—and the other regional land use and transportation plan PEIRs prepared under SB 



375—all disclosed a panoply of adverse non-GHG environmental impacts of changing 



California’s land use patterns, and shaped both their respective housing plans and a broad suite of 



mitigation measures to achieve California’s GHG reduction mandates while minimizing other 



adverse environmental impacts to California.  



                                                 
107 See SB 375 “Sustainable Communities Strategies” review page at 
https://www.arb.ca.gov/cc/sb375/sb375.htm, which includes links to the regional land use and 
transportation plans for multiple areas (which then further link to the PEIRs).  
108 SCAG, Final PEIR for the 2012-2035 RTP/SCS (April 2012),  
http://rtpscs.scag.ca.gov/Pages/Final-2012-PEIR.aspx. 
109 CARB Executive Order accepted the SCAG determination that its regional plan that balanced 
infill and greenfield housing development, and increased transit investments to encourage greater 
transit use without any VMT reduction mandate, would meet the GHG reduction targets 
mandated by law. See generally https://www.arb.ca.gov/cc/sb375/sb375.htm. 
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236. CARB’s willful refusal to acknowledge, let alone analyze, the numerous non-GHG 



environmental impacts of its GHG Housing Measures in the 2017 Scoping Plan EA is an 



egregious CEQA violation.  



237. Based on the greater specificity and the significant unavoidable adverse non-GHG 



environmental impacts identified in regional SB 375 plan PEIRs, the EA here clearly did not fully 



analyze the potential adverse environmental impacts from creating high-density, transit-oriented 



development that will result from the measures in the 2017 Scoping Plan, such as: 



 Aesthetic impacts such as changes to public or private views and character of existing 



communities based on increased building intensities and population densities; 



 Air quality impacts from increases in GHG, criteria pollutants, and toxic air 



contaminant emissions due to longer commutes and forced congestion that will occur 



from the implementation of the VMT limits in the 2017 Scoping Plan; 



 Biological impacts from increased usage intensities in urban parks from substantial 



infill population increases; 



 Cultural impacts including adverse changes to historic buildings and districts from 



increased building and population densities, and changes to culturally and religiously 



significant resources within urbanized areas from increased building and population 



densities; 



 Urban agriculture impacts from the conversion of low intensity urban agricultural uses 



to high intensity, higher density uses from increasing populations in urban areas, 



including increasing the urban heat island GHG effect; 



 Geology/soils impacts from building more structures and exposing more people to 



earthquake fault lines and other geologic/soils hazards by intensifying land use in 



urban areas; 



 Hazards and hazardous materials impacts by locating more intense/dense housing and 



other sensitive uses such as schools and senior care facilities near freeways, ports, and 



stationary sources in urbanized areas; 
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 Hydrology and water quality impacts from increasing volumes and pollutant loads 



from stormwater runoff from higher density/intensity uses in transit-served areas as 



allowed by current stormwater standards; 



 Noise impacts from substantial ongoing increases in construction noise from 



increasing density and intensity of development in existing communities and ongoing 



operational noise from more intensive uses of community amenities such as extended 



nighttime hours for parks and fields; 



 Population and housing impacts from substantially increasing both the population and 



housing units in existing communities; 



 Recreation and park impacts from increasing the population using natural preserve and 



open space areas as well as recreational parks; 



 Transportation/traffic impacts from substantial total increases in VMT in higher 



density communities, increased VMT from rideshare/carshare services and future 



predicted VMT increases from automated vehicles, notwithstanding predicted future 



decrease in private car ownership; 



 Traffic-gridlock related impacts and multi-modal congestion impacts including noise 



increases and adverse transportation safety hazards in areas of dense multi-modal 



activities; 



 Public safety impacts due to impacts on first responders such as fire, police, and 



paramedic services from congested and gridlocked urban streets; and 



 Public utility and public service impacts from substantial increases in population and 



housing/employment uses and demands on existing water, wastewater, electricity, 



natural gas, emergency services, libraries and schools. 



238. CARB failed to complete a comprehensive CEQA evaluation of these and related 



reasonably foreseeable impacts from forcing all or most development into higher densities within 



existing urban area footprints, intentionally increasing congestions and prohibiting driving, and 



implementing each of the many measures described in the “Vibrant Communities” appendix. The 
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EA failed to identify, assess, and prescribe feasible mitigation measures for each of the significant 



unavoidable impacts identified above. 



F. CARB’s Insufficient Fiscal Analysis and Failure To Comply with the APA’s 



Cost-Benefit Analysis Requirements 



239. The APA sets out detailed requirements applicable to state agencies proposing to 



“adopt, amend or repeal any administrative regulation.” Gov. Code § 11346.3. 



240. CARB is a state agency with a statutory duty to comply with the rulemaking laws 



and procedures set out in the APA. 



241. The APA requires that CARB, “prior to submitting a proposal to adopt, amend, or 



repeal a regulation to the office [of Administrative Law], shall consider the proposal’s impact on 



business, with consideration of industries affected including the ability of California businesses to 



compete with businesses in other states. For purposes of evaluating the impact on the ability of 



California businesses to compete with businesses in other states, an agency shall consider, but not 



be limited to, information supplied by interested parties.” Gov. Code § 11346.3(a) (2). 



242. The APA further requires that “[a]n economic assessment prepared pursuant to this 



subdivision for a major regulation proposed on or after November 1, 2013, shall be prepared in 



accordance with subdivision (c), and shall be included in the initial statement of reasons as 



required by Section 11346.2.” Gov. Code § 11346.3(a)(3). 



243. CARB’s new GHG Housing Measures will have an economic impact on California 



business enterprises and individuals in an amount exceeding fifty million dollars ($50,000,000) 



and therefore constitute a “major regulation” within the meaning of the APA and the California 



Department of Finance regulations incorporated therein. Gov. Code § 11346.3(c); 1 C.C.R. § 



2000(g). 



244. In adopting its 2017 Scoping Plan, CARB has failed to comply with these and 



other economic impact analysis requirements of the APA. 



245. The 2017 Scoping Plan continues CARB’s use of highly aggregated 



macroeconomic models that provide almost no useful information about potential costs and 
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impacts in industries and households. The LAO, an independent state agency, has consistently 



pointed out the flaws in CARB’s approach since the first Scoping Plan was developed in 2008.  



246. CARB’s disregard of the APA’s economic impact analysis requirements in issuing 



the 2017 Scoping Plan is only the latest example of a repeated flouting of the APA’s requirements 



in pursuit of its pre-determined regulatory goals. The inadequacy of CARB’s compliance with 



APA requirements has been documented in multiple LAO documents, including the following:  



● In a November 17, 2008 letter to Assembly Member Roger Niello,110 the LAO found 



that “ARB’s economic analysis raises a number of questions relating to (1) how 



implementation of AB 32 was compared to doing BAU, (2) the incompleteness of 



the ARB analysis, (3) how specific GHG reduction measures are deemed to be cost-



effective, (4) weak assumptions relating to the low-carbon fuel standard, (5) a lack 



of analytical rigor in the macroeconomic modeling, (6) the failure of the plan to lay 



out an investment pathway, and (7) the failure by ARB to use economic analysis to 



shape the choice of and reliance on GHG reduction measures.”  



● In a March 4, 2010 letter to State Senator Dave Cogdill,111 the LAO stated that while 



large macroeconomic models used by CARB in updated Scoping Plan assessments 



can “capture some interactions among broad economic sectors, industries, consumer 



groupings, and labor markets,” the ability of these models to “adequately capture 



behavioral responses of households and firms to policy changes is more limited. 



Additionally, because the data in such models are highly aggregated, they capture at 



best the behavioral responses of hypothetical “average” households and firms and do 



not score well in capturing and predicting the range of behavioral responses to 



policy changes that can occur for individual or subgroupings of households or firms. 



As a result, for example, the adverse jobs impacts—including job losses associated 



with those firms that are especially negatively impacted by the Scoping Plan—can 



                                                 
110 LAO, http://www.lao.ca.gov/2008/rsrc/ab32/AB32_scoping_plan_112108.pdf. 
111 LAO, http://www.lao.ca.gov/reports/2010/rsrc/ab32_impact/ab32_impact_030410.aspx. 
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be hard to identify since they are obscured within the average outcome.” The letter 



further noted multiple ways that the SP could affect jobs.  



● Similarly, in a June 16, 2010 letter to Assembly Member Dan Logue,112 the LAO 



found that CARB’s revision to CARB’s 2008 Scoping Plan analysis “still exhibits a 



number of significant problems and deficiencies that limit its reliability. These 



include shortcomings in a variety of areas including modeling techniques, 



identification of the relative marginal costs of different SP measures, sensitivity and 



scenario analyses, treatment of economic and emissions leakages, identification of 



the market failures used to justify the need for the regulations selected, analysis of 



specific individual regulations to implement certain Scoping Plan measures, and 



various data limitations.” As a result, the LAO concluded that, contrary to CARB’s 



statutory mandates, “The SP May Not Be Cost-Efficient.” Given these and other 



issues, it is unclear whether the current mix and relative importance of different 



measures in the Scoping Plan will achieve AB 32’s targeted emissions reductions in 



a cost-efficient manner as required.” 



● In a June 2017 presentation to the Joint Committee on Climate Change Policies, 



Overview of California Climate Goals and Policies,113 and after the draft 2017 



Scoping Plan had been released for public review, the LAO concluded that “To date, 



there have been no robust evaluations of the overall statewide effects—including on 



GHG reductions, costs, and co-pollutants—of most of the state’s major climate 



policies and spending programs that have been implemented.” 



247. CARB’s persistent failure to address the APA’s economic analysis requirements, 



and its penchant for “jumping the gun” by taking actions without first complying with CEQA and 



other rulemaking requirements, also has drawn criticism from the courts.  



                                                 
112 LAO, http://www.lao.ca.gov/reports/2010/rsrc/ab32_logue_061610/ab32_logue_061610.pdf. 
113 LAO, http://lao.ca.gov/handouts/resources/2017/Overview-California-Climate-Goals-Policies-
061417.pdf. 
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248. In Lawson v. State Air Resources Board (2018) 20 Cal.App.5th 77, 98, 110-116  



(“Lawson”), the Fifth District Court of Appeal, in upholding Judge Snauffer’s judgment, found 



both that CARB “violated CEQA by approving a project too early” and that it also violated the 



APA. The Court explained the economic impact assessment requirements of the APA 



“granularly” to provide guidance to CARB for future actions and underscored that “an agency’s 



decision to include non-APA compliant interpretations of legal principles in its regulations will 



not result in additional deference to the agency”, because to give weight or deference to an 



improperly-adopted regulation “would permit an agency to flout the APA by penalizing those 



who were entitled to notice and opportunity to be heard but received neither.” Id. at 113. Despite 



these recent warnings, CARB has chosen to proceed without complying with CEQA or the APA. 



249. CARB’s use of the improper “cumulative gap” methodology to determine the 



GHG reductions it claims are necessary for the 2017 Scoping Plan to meet the 2030 Target means 



that the inputs for the CARB FA were improper. The FA, which is supposed to inform 



policymakers and the public about the cost-effectiveness and equity of the Scoping Plan 



measures, is based on meeting the 621 MMTCO2e GHG “cumulative gap” reduction requirement 



invented by CARB.  



250. In fact, the final FA adopted by CARB indicates that an earlier version was based 



on the asserted “need” to fill an even larger “cumulative gap” of 680 MMTCO2e. This improper 



analysis renders the FA and the cost analysis required under the APA invalid. 



G. The Blatantly Discriminatory Impacts of CARB’s 2017 Scoping Plan 



251. CARB has recognized that “[i]t is critical that communities of color, low-income 



communities, or both, receive the benefits of the cleaner economy growing in California, 



including its environmental and economic benefits.” Scoping Plan, p. 15.   



252. The GWSA specifically provides, at H&S Code § 38565, that: “The state board 



shall ensure that the greenhouse gas emission reduction rules, regulations, programs, mechanisms, 



and incentives under its jurisdiction, where applicable and to the extent feasible, direct public and 



private investment toward the most disadvantaged communities in California and provide an 



opportunity for small businesses, schools, affordable housing associations, and other community 
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institutions to participate in and benefit from statewide efforts to reduce greenhouse gas 



emissions.” 



253. CARB’s standards, rules, and regulations also must, by statute, be consistent with 



the state goal of providing a decent home and suitable living environment for every Californian. 



H&S Code § 39601(c). This includes affordable housing near jobs for hard working, low-income 



minority families.  



254. California produces less than one percent of global GHG emissions, and has lower 



per capita GHG emissions than any other large state except New York, which unlike California 



still has multiple operating nuclear power plants to reduce its GHG emissions.114   



255. As Governor Brown and many others have recognized, California’s climate 



change leadership depends not on further mass reductions of the one percent of global GHG 



emissions generated within California, but instead on having other states and nations persuaded to 



follow the example already set by California.  



256. In any event, as recently demonstrated in a joint study completed by scholars from 



the University of California at Berkeley and regulators at the Bay Area Air Quality Management 



District (“BAAQMD”)115, high wealth households cause far more global GHG emissions than 



middle-class and poor households. The Scoping Plan ignores this undisputed scientific fact and 



unfairly, and unlawfully, seeks to burden California’s minority and middle-class households in 



need of affordable housing with new regulatory costs and burdens that do not affect existing, 



wealthier homeowners who “already have theirs”.   



257. California has the nation’s highest poverty rate, highest housing prices, greatest 



housing shortage, highest homeless population—and highest number of billionaires.116 While it is 



                                                 
114 U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
115 BAAQMD and Cool Climate Network at UC Berkeley, Consumption Based GHG Emissions 
Inventory (2016), http://www.baaqmd.gov/research-and-data/emission-inventory/consumption-
based-ghg-emissions-inventory. 
116 David Friedman, Jennifer Hernandez, California’s Social Priorities, Holland & Knight, 
Chapman University Press (2015), https://perma.cc/XKB7-4YK4; Liana Fox, The Supplemental 
Poverty Measure: 2016, U.S. Census Bureau Report Number: P60-261, Table A-5 (Sept. 21, 
2017), https://www.census.gov/library/publications/2017/demo/p60-261.html. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-78- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



not the function of the courts to address economic inequalities, the federal and state Constitutions 



prohibit the State from enacting regulatory provisions that have the inevitable effect of 



unnecessarily and disproportionately disadvantaging minority groups by depriving them of access 



to affordable housing that would be available in greater quantity but for CARB’s new GHG 



Housing Measures.  



258. Members of hard working minority families, in contrast to wealthier white elites, 



currently are forced to “drive until they qualify” for housing they can afford to own, or even 



rent.117 As a result, long-commute minority workers and their families then suffer a cascading 



series of adverse health, educational and financial consequences.118 



259. It is well-documented and undisputed, in the record that the current housing 



shortage—which CARB’s regulations would unnecessarily exacerbate—falls disproportionately 



on minorities. As stated in a United Way Study, “Struggling to Get By: The Real Cost Measure in 



California 2015” 119: “Households led by people of color, particularly Latinos, disproportionately 



are likely to have inadequate incomes. Half (51%) of Latino households have incomes below the 



Real Cost Measure,120 the highest among all racial groups. Two in five (40%) of African 



American households have insufficient incomes, followed by other races/ethnicities (35%), Asian 



Americans (28%) and white households (20%).” Put simply, approximately 80% of the poorest 



households in the State are non-white families.  



                                                 
117 Mike McPhate, California Today: The Rise of the Super Commuter, N.Y. Times (Aug. 21, 
2017), https://www.nytimes.com/2017/08/21/us/california-today-super-commutes-stockon.html; 
Conor Dougherty, Andrew Burton, A 2:15 Alarm, 2 Trains and a Bus Get Her to Work by 7 A.M., 
N.Y. Times (Aug. 17, 2017), https://www.nytimes.com/2017/08/17/business/economy/san-
francisco-commute.html. 
118 Rebecca Smith, Here’s the impact long commutes have on your health and productivity, 
Business Insider (May 22, 2017), http://www.businessinsider.com/long-commutes-have-an-
impact-on-health-and-productivity-2017-5. 
119 Betsy Block et al, Struggling to Get By: The Real Cost Measure in California 2015 (2016), p. 
10, 
https://www.norcalunitedway.org/sites/norcalunitedway.org/files/Struggling_to_Get_By_3.pdf. 
120 The United Way study uses the “Real Cost Measure” to take account of a family budget to 
meet basic needs, composed of “costs all families must address such as food, housing, 
transportation, child care, out-of-pocket health expenses, and taxes.”  Id., p. 8.  
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260. As noted in the same report: “Housing costs can consume almost all of a 



struggling household’s income. According to Census Bureau data, housing (rent, mortgage, 



gas/electric) makes up 41% of household expenses in California. . . . Households living above the 



Federal Poverty Level but below the Real Cost Measure spend almost half of their income on rent 



(and more in many areas), and households below the Federal Poverty Level, however, report 



spending 80% of their income on housing, a staggering amount that leaves precious little room 



for food, clothing and other basics of life.” Id., p. 65.121  



261. As further documented in the United Way report presented to CARB: 



“Recognizing that households of all kinds throughout the state are struggling should not obscure 



one basic fact: race matters. Throughout Struggling to Get By, we observe that people of Latino 



or African American backgrounds (and to a lesser extent Asian American ones) are less likely to 



meet the Real Cost Measure than are white households, even when the families compared share 



levels of education, employment backgrounds, or family structures. While all families face 



challenges in making ends meet, these numbers indicate that families of color face more obstacles 



in attempting to achieve economic security.”122 



262. Against this background, CARB’s new GHG Housing Measures, which 



disproportionately harm housing-deprived minorities while not materially advancing the cause of 



GHG reductions, cannot be justified. CARB’s new GHG Housing Measures, facially and as 



applied to the housing sector in particular, are not supported by sound scientific analysis and are 



in fact counterproductive. CARB’s new GHG Housing Measures establish presumptive legal 



standards under CEQA that currently impose, as a matter of law, costly new mitigation 



obligations that apply only to housing projects proposed now and in the future to meet 



                                                 
121 In addition, family wealth of homeowners has increased in relation to family wealth of renters 
over time and a homeowners’ net worth is 36 times greater than a renters’ net worth. Jesse 
Bricker, et al., Changes in US Family Finances from 2010 to 2013: Evidence from the Survey of 
Consumer Finances, 100 Fed. Reg. Bull. 4 (Sept. 2014), 
https://www.federalreserve.gov/pubs/bulletin/2014/articles/scf/scf.htm. 
122 Id. p. 75. Studies predict that the 2014-2016 dataset will show a wealth differential between 
homeowners and renters of 45 times. Lawrence Yun, How Do Homeowners Accumulate Weath?, 
Forbes (Oct. 14, 2015), https://www.forbes.com/sites/lawrenceyun/2015/10/14/how-do-
homeowners-accumulate-wealth/#7eabbecd1e4b. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-80- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



California’s current shortfall of more than three million homes that experts and the Governor-



elect agree are needed to meet current housing needs. Two specific examples are provided below. 



263. By establishing a new “net zero” GHG CEQA significance threshold for all new 



projects, CARB has created a new legal obligation for such new projects to “mitigate” to a “less 



than significant” level all such GHG impacts. The California Air Pollution Control Officers 



Association (“CAPCOA”), which consists of the top executives of all of the local and regional air 



districts in California, has developed a well-established model for calculating GHG emissions 



from such new projects called The California Emissions Estimator Model (“CalEEMod”).123 This 



model is in widespread use throughout the state, and has been determined by the California 



Supreme Court to be a valid basis for estimating GHG emissions from residential projects for 



purposes of CEQA. Newhall, supra, 62 Cal.4th at 217-218. 



264. CalEEMod calculates GHG emissions for 63 different types of development 



projects, including multiple types of residential projects. The scientific and legal framework of 



CalEEMod is the foundational assumption that all GHG project emissions are “new” and would 



not occur if the proposed project was not approved or built.   



265. Within this overall framework, CalEEMod identifies GHG emissions that occur 



during construction (e.g., from construction vehicles and construction worker vehicular trips to 



and from the project site), and during ongoing project occupancy by new residents. GHG 



occupancy or “operational” emissions include GHG emissions from offsite electricity produced to 



serve the project, from onsite emissions of GHG from natural gas appliances, from on- and off-



site GHG emissions associated with providing drinking water and sewage treatment services to 



the project, from vegetation removal and planting, and from vehicular use by project occupants 



on an ongoing basis.  See, e.g., Appendix A of CalEEMod124; South Coast Air Quality 



Management District User’s Guide to CalEEMod125. 
                                                 
123 Available at: http://www.caleemod.com/. 
124 CalEEMod Appendix A: Calculation Details for CalEEMOd, available at: 
http://www.aqmd.gov/docs/default-source/caleemod/caleemod-appendixa.pdf. 
125 CalEEMod User’s Guide, available at: http://www.aqmd.gov/docs/default-
source/caleemod/01_user-39-s-guide2016-3-2_15november2017.pdf?sfvrsn=4. 
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266. Under the CalEEMod CEQA compliance framework, if the project does not occur 



then the GHG emissions do not occur—notwithstanding the practical and obvious fact that people 



who cannot live in new housing they can afford must still live somewhere, where they will still 



engage in basic activities like consuming electricity, drinking water, and driving cars. 



267. Under CEQA, a “significant” environmental impact is required to be “mitigated” 



by measures that avoid or reduce the significance of that impact by all “feasible” means. Pub. 



Res. Code § 21102. The CEQA Guidelines define “feasible” as “capable of being accomplished 



in a successful manner within a reasonable period of time, taking into account economic, 



environmental, legal , social and technological factors.” 14 C.C.R. § 15364. 



268. The first of two examples of immediate and ongoing harm relates to the increased 



cost of housing caused by the “net zero” threshold. Before the 2017 Scoping Plan was approved, 



no agency or court had ever required a “net zero” GHG threshold. The only example of a 



residential project that met this target involved a voluntary commitment by the project applicant 



to a “net zero” project, in which 49% of the project’s GHG emissions were “offset” by GHG 



reductions to be achieved elsewhere (e.g., funding the purchase of cleaner cook stoves in Africa) 



and paid for by higher project costs.   



269. There is no dispute that funding these types of GHG reduction measures 



somewhere on Earth is “feasible” taking into account three of CEQA’s five “feasibility” factors 



(environmental, social and technological). With housing costs already nearly three times higher in 



California than other states, home ownership rates far lower, and housing-induced poverty rates 



the highest in the nation, it remains possible – in theory – to demonstrate that in the context of a 



given housing project, adding $15,000-$30,000 more to the price of a home to fund the purchase 



of cleaner cook stoves in Africa, for example, would not be “legally” or “economically” feasible.   



270. This theoretical possibility of demonstrating that any particular mitigation cost 



results in “economic infeasibility” has not succeeded, however, for any housing project in the 



nearly-50 year history of CEQA. A lead agency decision that a mitigation measure is infeasible 



must be supported by substantial evidence in the record—effectively the burden is placed on the 



project applicant to prove this latest “net zero” increment of mitigation costs is simply too 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-82- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



expensive and will make the project “infeasible.”  No court has found that a housing project has 



met this burden. See, e.g., Uphold our Heritage v. Town of Woodside (2007) 147 Cal.App.4th 



587. Further, this infeasibility evaluation applies to the applicant for the housing project, not 



prospective future residents—simply raising housing prices affordable only to wealthier buyers.   



271. The CEQA mitigation criterion of legal infeasibility is likewise illusory when 



applied to the GHG mitigation measures required to achieve a “net zero” significance threshold.  



Although there is some judicial precedent recognizing that lead agencies cannot impose CEQA 



mitigation obligations outside their jurisdictional boundaries (e.g, in adjacent local jurisdictions), 



this precedent—like OPR’s definitive regulatory conclusion that CEQA cannot be used to impose 



a “net zero” threshold even and specifically within the context of GHG—is directly challenged by 



the 2017 Scoping Plan, which cited with approval the one “net zero” GHG residential project that 



relied in part on offsite (off-continent) GHG reduction measures.   



272. This “legal infeasibility” burden of proof also is extremely high under CEQA. For 



example, the California Supreme Court considered in City of San Diego, et al. v. Board of 



Trustees of California State University (2015) 61 Cal.4th 945, the University’s “economic 



infeasibility” argument in relation to making very substantial transfer payments to local 



government to help fund local highway and transit infrastructure, which would be used in part by 



the growing student, faculty and staff for the San Diego campus. Although the Court 



acknowledged that the Trustees had expressly requested, and been denied, funding by the 



Legislature to help pay for these local transportation projects, the Court did not agree this was 



adequate to establish economic infeasibility under CEQA since the Trustees could have sought 



alumni donations or funding from other sources, or elected to stop accommodating new students 



in San Diego and instead grown other campuses with potentially lower costs.   When CARB’s 



“net zero” GHG measures are coupled with the “legal infeasibility” burden of proof, the result is a 



legal morass  that frustrates the efforts of local governments to implement the Legislature’s pro-



housing laws and policies, to the detriment of under-housed minorities, including Petitioners. 



273. The second example of immediate and ongoing harm is CARB’s direct 



intervention in projects already in CEQA litigation by opining on the acceptable CEQA 
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mitigation for GHG emissions from fuel use, which typically create the majority of GHG 



emissions from new housing projects. In a long series of evolving regulations including most 



recently the 2018 adoption of new residential Building Code standards126, and in compliance with 



the consumer protection and cost-effectiveness standards required for imposing new residential 



Building Code requirements established by the Legislature ( Pub. Resources Code §§ 



25402(b)(3), (c)(1); 25943(c)(5)(B)), California law requires new residences to be better 



insulated, use less electricity, install the most efficient appliances, use far less water (especially 



for outdoor irrigation), generate electricity (from rooftop solar or an acceptable alternative), and 



transition to future electric vehicles. These and similar measures have substantially reduced the 



GHG emissions from ongoing occupancy of new housing.   



274. Under the CalEEMod methodology, however, gasoline and hybrid cars used by 



new residents are also counted as “new” GHG emissions attributed to that housing project – and 



these vehicular GHG emissions now account for the vast majority of a typical housing project’s 



GHG emissions.127   



275. In 2017, the Legislature expanded its landmark “Cap and Trade” program 



establishing a comprehensive approach for transitioning from fossil fuels to electric or other zero 



GHG emission technologies, which already includes a “wells to wheels” program for taxing oil 



and natural gas extraction, refinement, and ultimate consumer use.128  CARB has explained that 



the Cap and  Trade Program requires fuel suppliers to reduce GHG emissions by supplying low 



                                                 
126 See California Building Standards Commission, 2018 Triennial Code Adoption Cycle, 
available at: 
http://www.bsc.ca.gov/Rulemaking/adoptcycle/2018TriennialCodeAdoptionCycle.aspx. See also 
California Energy Code, California Code of Regulations, Title 24, Part 6; Building Energy 
Efficiency Standards (2019 update). 
127 In the Northlake project challenged in a comment letter citing noncompliance with the 2017 
Scoping Plan discussed supra ¶ 42, for example, total project GHG emissions after mitigation 
were 56,722 metric tons, of which mobile sources from vehicles comprised 53,863 metric tons.  
Los Angeles County, Draft Supplemental EIR (May 2017), Table 5.7-3 (p. 5.7-26), available at  
https://scvhistory.com/scvhistory/files/northlakehills_deir_0517/northlakehills_deir_0517.pdf  
128 A.B. 398, 2017 (California Global Warming Solutions Act of 2006: market-based compliance 
mechanisms: fire prevention fees: sales and use tax manufacturing exemption).  
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carbon fuels or purchasing allowances to cover the GHG emissions produced when the 



conventional petroleum-based fuels they supply are burned.   



276. Specifically, as part of the formal rulemaking process for the Cap and Trade 



Legislation, CARB staff explained in its Initial Statement of Reasons for the Proposed Regulation 



to Implement the California Cap and Trade Program, that:  



 To cover the emissions from transportation fuel combustion and that of other fuels by 
residential, commercial, and small industrial sources, staff proposes to regulate fuel 
suppliers based on the quantifies of fuel consumed by their customers. … Fuel suppliers 
are responsible for the emissions resulting from the fuel they supply.  In this way, a fuel 
supplier is acting on behalf of its customers who are emitting the GHGs … Suppliers of 
transportation fuels will have a compliance obligation for the combustion of emissions 
from fuel that they sell, distribute, or otherwise transfer for consumption in California. … 
[B]ecause transportation fuels and use of natural gas by residential and commercial users 
is a significant portion of California’s overall GHG emissions, the emissions from these 
sources are covered indirectly through the inclusion of fuel distributers [in the Cap and 
Trade program].”(emphasis added).129  



277. CARB’s express recognition of the fact that the Cap and Trade program “covers” 



emissions from the consumption of fossil fuels in the Cap and Trade regulatory approval process, 



in marked contrast with the challenged Housing Measures in the 2017 Scoping Plan, was subject 



to its own comprehensive environmental and economic analysis – which in no way disclosed, 



analyzed, or assessed the impacts of forcing residents of new housing to pay for GHG emission 



reductions from their fossil fuel uses at the pump (and in electricity bills) like their already-



housed neighbors, and then paying again – double-paying – in the form extra GHG mitigation 



measures for the same emissions, resulting in higher housing costs.   



278. The 2017 Scoping Plan likewise entirely omitted any analysis of the double-



charging of residents of new homes for GHG emissions from the three million new homes the 



state needs to build to solve the housing crisis.  Simply put, CARB should not now be permitted 



to use what purports to be only an “advisory” 2017 Scoping Plan to disavow and undermine its 



                                                 
129 CARB. October 2011. California’s Cap-And-Trade Program Final Statement of Reasons, p. 2: 
https://www.arb.ca.gov/regact/2010/capandtrade10/fsor.pdf; (incorporating by reference CARB. 
October 28, 2010. Staff Report: Initial Statement of Reasons for the Proposed Regulation to 
Implement the California Cap-and-Trade Program Part 1, Vol. 1, pp. II-10, II-20, II-21, 11-53: 
https://www.arb.ca.gov/regact/2010/capandtrade10/capisor.pdf) 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-85- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



formal rulemaking statement for the Cap and Trade regulations, nor can CARB use this asserted 



“advisory” document to invent the new CEQA GHG mitigation mandates (and preclude use of 



Cap and Trade as CEQA mitigation) without going through a new regulatory process to amend its 



Cap and Trade program. 



279. Whether compliance with Cap and Trade for fossil fuels used to generate 



electricity or power cars used by a particular project is an adequate mitigation measure for GHG 



under CEQA has been hotly contested in past and pending CEQA lawsuits. In Newhall, supra, 62 



Cal.4th 204, one of the approved GHG compliance pathways for CEQA identified by the Court 



was compliance with applicable laws and regulations. That case was extensively briefed by 



numerous advocates (see Opening Brief on the Merits, Center for Biological Diversity v. 



California Department of Fish and Game (2015) 62 Cal.4th 204 (No. 5-S217763), and 



Consolidated Reply Brief, Center for Biological Diversity v. California Department of Fish and 



Game, (2015) 62 Cal.4th 204  (No. 9-S217763),  which urged the Court to conclude as a matter of 



law that CEQA requires “additive” mitigation beyond what is otherwise required to comply with 



applicable environmental, health and safety laws.   



280. Neither the appellate courts nor Supreme Court have imposed this novel 



interpretation of the GHG mandates imposed by CEQA as a newly discovered legal requirement 



lurking within this 1970 statute.  As noted above, the Supreme Court declined to do so by 



expressly recognizing that compliance with law was one of several compliance “pathways” for 



addressing GHG impacts under CEQA.  (Newhall, supra, 62 Cal.4th at 229). (See also, Center for 



Biological Diversity et al. v. Department of Fish and Game (2014) 224 Cal.App.4th 1105. )130  



281. Consistent with this Supreme Court directive, and informed by both the 



Legislative history of the Cap and Trade program and by CARB’s contemporaneous explanation 



that compliance with Cap and Trade is indeed the sole GHG mitigation required for fossil fuel 



use, several projects have mitigated GHG emissions from fossil fuel by relying on the legislated, 



                                                 
130 This appellate court decision, which was reversed and remanded by the Supreme Court 
decision in the same case, is cited as evidence for the proposition that what constitutes adequate 
mitigation for GHG impacts under CEQA has been hotly contested in the courts. 
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and regulated,  Cap and Trade program and similar legislative as well as regulatory mandates to 



reduce GHG emissions from fossil fuel.  This has been accomplished through measures such as 



the Low Carbon Fuel Standards, which collectively and comprehensively mandate prescribed 



reductions in GHG emissions from fossil fuel use.   



282. This approach has been expressly upheld by the Fifth District Court of Appeal in 



Association of Irritated Residents v. Kern County Bd. of Supervisors (2017) 17 Cal.App.5th 708 



(“AIR”). Although the project at issue was a refinery source that was itself clearly included within 



the category of industrial operations directly regulated by the Cap and Trade Program, opponents 



challenged that project’s reliance on the Cap and Trade program for non-refining GHG emissions 



such as GHG emissions produced offsite by the electricity producers that provided power to the 



consumer power grid, and by vehicles used by contractors and employees engaged in refinery 



construction and operational activities.  See, e.g., Appellants’ Opening Brief, AIR, *5th Dist. Case 



No. F073892 (December 9, 2016) at 29 (arguing that “[c]ap-and-trade does not apply to 



greenhouse gas emissions from trains, trucks, and building construction . . . .”) and at 34-35 



(arguing that participation in the cap and trade program is inadequate mitigation for project 



emissions).  The CEQA lead agency and respondent project applicant argued that reliance on Cap 



and Trade as CEQA mitigation was lawful and sufficient under CEQA.  See Joint Respondents’ 



Brief, AIR, 5th Dist. Case No. F073892 (March 10, 2017), at 52-56 (arguing that “The EIR 



Properly Incorporated GHG Emission Reductions Resulting From Cap-and-Trade In The 



Environmental Analysis”).  



283. The Fifth District concluded that compliance with the Cap and Trade program for 



the challenged project were adequate CEQA GHG mitigation.  That case was then unsuccessfully 



challenged, and unsuccessfully petitioned for depublication, by numerous advocates that 



continued to assert that CEQA imposes an “additive” GHG mitigation obligation that could not 



be met by paying the higher fuel costs imposed by the Cap and Trade program.131   



                                                 
131 See Letter from CARB to City of Moreno Valley regarding Final Environmental Impact 
Report for World Logistics Center, available at: 
https://www.arb.ca.gov/toxics/ttdceqalist/logisticsfeir.pdf. 
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284. California already has the highest gasoline prices of any state other than Hawaii. 



CARB has consistently declined to disclose how much gasoline and diesel prices would increase 



under the 2017 Cap and Trade legislation. The non-partisan LAO completed an independent 



analysis of this question, and in 2017 concluded that under some scenarios, gasoline would 



increase by about 15¢ per gallon – and in others by about 73¢ per gallon. The LAO also noted 



that these estimated increases in gasoline prices “are an intentional design feature of the 



program.”132   



285. By using CEQA mitigation mandates created by the Scoping Plan to require only 



the disproportionately minority occupants of critically needed future housing to double-pay (both 



at the pump and in the form of higher housing costs imposed as a result of CEQA mitigation for 



the same fuel consumption), CARB has established a disparate new financial burden that is 



entirely avoided by those generally whiter, wealthier, and older Californians who have the good 



fortune of already occupying a home.   



286. Both CARB and the Attorney General have acted in bad faith, and unlawfully, in 



their public description of and subsequent conduct regarding the immediate effectiveness and 



enforcement of the 2017 Scoping Plan.   



287. First, in a written staff report distributed at the December 17, 2017 hearing at 



which the CARB Board approved the Scoping Plan, CARB staff misled the public and its Board 



by pretending that the challenged Housing Measures are simply not part of the Scoping Plan at 



all, and thus need not be considered as part of the environmental or economic study CARB was 



required to complete as part of the Scoping Plan approval process.  This assertion flatly 



contradicted an earlier description of the immediately-implementing status of these Housing 



Measures made in a public presentation by a senior CARB executive. 



288. Next, the Attorney General repeatedly advised this Court that the challenged 



Housing Measures were merely “advisory” and explained “the expectation that new measures 



proposed in the [Scoping] plan would be implemented through subsequent legislation or 



                                                 
132 LAO, https://lao.ca.gov/letters/2017/fong-fuels-cap-and-trade.pdf. 
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regulations.”  (Memorandum of Points and Authorities in Support of Demurrer to Plaintiff’s 



Verified Petition for Writ of Mandate, Case No. 18-CECG-01494 (August 31, 2018), p. 8:18-19 



(“AG Memo”)).  The AG Memo argued that the disparate harms caused by such measures are not 



ripe because such subsequent implementing legislative or regulatory actions “have yet to be 



taken” (Reply Memorandum in Support of Defendants California Air Resources Board and 



Richard Corey’s Demurrer to Plaintiffs’ Verified Petition for Writ of Mandate etc., Case No. 18-



CECG-01494(October 16, 2018), p. 2:6-7 (“AG Reply Memo”), and that Petitioners’ assertions 



that the challenged Housing Measures would result in litigation disputes aimed at stopping or 



increasing the cost of housing was “wildly speculative” (AG Memo, p. 10:7).  Further the 



Attorney General argued that the 2017 Scoping Plan “cannot be reasonably viewed as providing a 



valid basis for filing suit under CEQA.” (AG Memo, p. 14:15)  The same arguments were 



advanced in this Court’s hearing on October 26, 2018. 



289. Meanwhile, however, and virtually simultaneously with making contrary 



assertions to this Court, both the Attorney General and CARB were filing comment letters 



(precedent to CEQA lawsuits), and the Attorney General filed an amicus brief in a CEQA lawsuit, 



to challenge the legality of a CEQA lead agency’s mitigation measure (in one case) and proposed 



General Plan element approval (in another case) based on alleged failure to comply with 



applicable Housing Measures in the Scoping Plan. 



290. CARB’s (and the Attorney General’s) claims that the 2017 Scoping Plan is merely 



“advisory”  and that its future effects  are merely “speculative” (as well as  its express denial at 



the December 2017 hearing on the 2017 Scoping Plan that the four challenged GHG Housing 



Measures are even part of the Plan), have been belied by the  actual  use of the 2017 Scoping Plan 



by CARB and the Attorney General themselves, as well as by third party agencies and anti-



housing project CEQA litigants.  Among the recent examples of the use of the Scoping Plan are 



the following:  



A. CARB September 7, 2018 Comment Letter:   Before even completing its 



Demurrer briefing to this Court,  on September 7, 2018, CARB filed a comment 



letter criticizing the revised Final Environmental Impact Report for the World 
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Logistics Center project. A copy of this letter can be found at 



https://www.arb.ca.gov/toxics/ttdceqalist/logisticsfeir.pdf.  CARB’s comment 



letter opines that as an absolute and unambiguous matter of law, compliance with 



the Cap and Trade program is not a permissible mitigation under CEQA.  CARB’s 



comment dismisses as “novel” the contention that compliance with laws and 



regulations requiring  reductions in GHG can be, and is in fact, a permissible and 



legally sufficient mitigation measure under CEQA.  Strikingly, CARB’s letter 



simply ignores the Newhall decision.  As for the Fifth District’s on-point decision 



in AIR, CARB’s letter states (at p. 11, note 23) that, “[i]n CARB’s view this case 



was wrongly decided as to the Cap-and-Trade issue . . . .”  Thus, CARB in its 



public comments is urging permitting agencies to disregard court decisions on 



GHG issues and instead to follow CARB’s supposedly “advisory” Scoping Plan 



policies, which it cites extensively .  This type of CEQA “expert agency” letter can 



be used by the agency itself, if it chooses to file a lawsuit against an agency 



approving a project in alleged noncompliance with CEQA, or it can be used for its 



evidentiary value (and expert agency opinions are presumptively entitled to greater 



deference) by any other third party filing a CEQA lawsuit against that project, or 



even in another lawsuit raising similar issues provided that the CARB comment 



letter is submitted in the agency proceeding that is targeted by such second and 



subsequent lawsuits. 



B. Attorney General’s September 7, 2018 Comment Letter: Also on September 7, 



2018, the Attorney General (“AG”) joined CARB in criticizing the World 



Logistics Project’s GHG analysis in a comment letter that prominently featured the 



2017 Scoping Plan.  A copy of this letter can be found at 



https://oag.ca.gov/sites/all/files/agweb/pdfs/environment/comments-revised-



sections-feir.pdf.  Like CARB, the AG relied on the Scoping Plan to measure the 



adequacy of GHG measures under CEQA.  Also like CARB, the AG sought to 



sidestep the Fifth District’s AIR decision, but did so “[w]ithout commenting on 
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whether or not that case was rightly decided” in the AG’s opinion (p. 6).  The 



Attorney General’s comment letter relies on the 2017 Scoping Plan in opining that 



“CEQA requires” the CEQA lead agency to “evaluate the consistency of the 



Project’s substantial increases in GHG emissions with state and regional plans and 



policies calling for a dramatic reduction in GHG emissions”   The AG goes on to 



conclude that the lead agency engaged in a “failure to properly mitigate” impacts 



as required by CEQA because the project’s “increase in GHG emissions conflicts 



with the downward trajectory for GHG emissions necessary to achieve state 



climate goals.” The AG again cites the 2017 Scoping Plan text in explaining that, 



unless they mandate CEQA GHG mitigation measures that go beyond compliance 



with applicable GHG reduction laws and regulations, “local governments would    



. . .  not be doing their part to help the State reach its ambitious, yet necessary, 



climate goals.”  [AG letter at p. 7-11]    



C. Attorney General’s November 8, 2018 Amicus Filing:  A third example  is 



provided by the AG’s November 8, 2018 filing of an “Ex Parte Application of 



People of the State of California for Leave to File Amicus Curiae Brief in Support 



of Petitioners” in Sierra Club, et al. v. County of San Diego (Nov. 8, 2018) No. 37-



2018-00014081-CU-TT-CTL (San Diego Superior Court).  A true copy of this Ex 



Parte Application and accompanying AG memorandum is attached hereto as 



Exhibit 1.  A copy of the underlying Sierra Club petition, into which the AG has 



sought to inject the Scoping Plan, is attached hereto as Exhibit 2.  In the amicus 



filing (Exhibit 1), the Attorney General asserts that he “has a special role in 



ensuring compliance with CEQA”, and that he “has actively participated in CEQA 



matters raising issues of greenhouse gas (“GHG”) emissions and climate change.” 



(Application at 3:16, 24-25.)   The challenged San Diego County Climate Action 



Plan actually includes and requires implementation of the 2017 Scoping Plan’s 



“recommended” Net Zero GHG CEQA threshold for new projects, but was 



nevertheless challenged in this lawsuit the grounds that it did not also mandate a 
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reduction in Vehicle Miles Traveled because it allowed the County to approve new 



housing projects that fully mitigated (“Net Zero GHG”) all GHG emissions but 



still resulted in an increase in VMT from residents living in this critically needed 



new housing.  Petitioners in the consolidated proceedings in this case have claimed 



that based on the state’s climate laws including the 2017 Scoping Plan, the County 



could not lawfully approve any amendment to its General Plan to accommodate 



any of the state’s three million home shortfall unless such housing was higher 



density (e.g., apartments) and located inside or immediately adjacent to existing 



urban areas served by transit, because only that type of housing and location could 



result in the required reduction in VMT.  Petitioners in these cases further 



identified the pending housing projects they believed could not be approved by the 



County.  Petitioners sought (and obtained) injunctive relief to prevent such 



housing projects from relying on this “Net Zero” GHG  Climate Action Plan as 



allowed by one of the CEQA compliance pathways identified by the Supreme 



Court in its Newhall decision, and identified by the Legislature itself in CEQA 



compliance provisions set forth in SB 375.  In his  amicus brief, the Attorney 



General repeatedly cites CARB’s 2017 Scoping Plan as the legal basis for a new 



mandate that allegedly prohibits San Diego County (and all other counties) from 



meeting any part of the housing shortfall with more traditional homes (e.g., small 



“starter” homes and duplexes, which cost less than a third to build than higher 



density apartment units), or from locating these new homes anywhere other than 



an existing developed city or unincorporated community.  The Attorney General 



also falsely argues that VMT reductions are mandated by other state laws; 



however, no law enacted by the California Legislature mandates any VMT 



reduction, and the Legislature has repeatedly rejected enacting such a mandate.133   



                                                 
133  The Attorney General further argues that VMT reductions are required by SB 375, 
which is designed to reduce GHG (not VMT) with land use and transportation plans, even 
though SB 375 specifically directs CARB to develop compliance metrics and CARB has 
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291. CARB cannot have it both ways: it cannot coyly claim that the 2017 Scoping Plan 



is merely “advisory” and then fire into the end of a second round of CEQA documentation for a 



single project a new legal conclusion that upends the published judicial precedents of our courts. 



The AG similarly cannot assure this Court that it is “wildly speculative” for a CEQA lawsuit to be 



filed in reliance on the challenged measures in the 2017 Scoping Plan, and then six days later file 



an amicus in a CEQA lawsuit that does just that. If CARB wants to change Cap and Trade laws 



and regulations, and other GHG reduction laws and regulations applicable to fossil fuels, to make 



those not already fortunate enough to have housing pay both at the pump, and in their down-



payment/mortgage and rent check, for “additive” GHG reductions above and beyond what their 



more fortunate, generally whiter, wealthier and older well-housed residents have to pay, then that 



is first and foremost a new mandate that can only be imposed by the Legislature given direct court 



precedent on this issue.   



292. If such a mandate were proposed by the Legislature, a full and transparent debate 



about the disparate harms such a proposal would confirm that those most affected by the housing 



crisis, including disproportionately our minority communities, would suffer the equivalent of yet 



another gasoline tax on those least able to pay, and most in need of new housing.   Petitioners are 



confident that the Legislature would not approve such a proposal. 



293. Even these few examples of direct CARB and Attorney General implementation 



actions of the 2017 Scoping Plan to require more mitigation or block new housing demonstrate 



the immediate and ongoing harm of the 2017 Scoping Plan’s challenged Housing Measures, 



which CARB and the Attorney General have opined impose higher CEQA “mitigation” costs on 



housing under a “net zero”  GHG mitigation framework, and block otherwise lawful new housing 



altogether under the Scoping Plan’s “VMT reduction” framework.  The harms caused by these 



Housing Measures is not “wildly speculative”— they are already underway.  They already 



disproportionately affect California minority communities not already blessed with wealth and 



                                                 
itself repeatedly declined to require VMT reduction compliance metrics under SB 37 as 
late as December of 2017 and March of 2018.  
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homeownership, and they are already the subject of both administrative and judicial proceedings. 



They are properly and timely before this Court.  The following paragraphs provide additional 



evidence of ripeness in the context of the three other challenged Housing Measures, beyond the 



“Net Zero” GHG threshold and corresponding mitigation mandates described above. 



294. The 2017 Scoping Plan’s new numeric thresholds for local climate action plans 



present similarly immediate and ongoing harms to Petitioner/Plaintiffs.  In its Newhall decision, 



the California Supreme Court concluded that one of the “pathways” for CEQA compliance was 



designing projects that complied with a local Climate Action Plan (“CAP”) having the then-



applicable GHG statutory reduction mandate of reducing GHG emissions to 1990 levels by 2020. 



295. Housing projects that complied with a local CAP had been duly approved by the 



same local governments responsible for planning and approving adequate housing for our 



minority communities.  This provided a judicially streamlined pathway for GHG CEQA 



compliance for housing.  Local CAPs include community-scale GHG reduction strategies such as 



pedestrian, bicycle and transit improvements that are beyond the ability of any single housing 



project to invent or fully fund, and thus CAP compliance is a known and legally-defensible 



CEQA GHG compliance pathway. The Scoping Plan destroyed that pathway, and accordingly 



caused and is causing immediate harm to new housing projects that could otherwise rely on the 



CAP compliance pathway for CEQA. 



296. There is no statutory obligation for a city or county to adopt a CAP, nor are there 



any regulations prescribing the required contents of a CAP; instead, a CAP’s primary legal 



relevance to proposed new housing projects occurs within the CEQA compliance context.   



297. There has been a flurry of unresolved and ongoing CEQA interpretative issues 



with respect to CAPs that have been and remain pending in courtrooms throughout California. 



For example, in the City of San Diego and the County of Sonoma, multi-year lawsuits have 



resulted in two judicial decisions that make clear that any jurisdiction electing to voluntarily 



approve a CAP must assure that the CAP has clear, adequate and enforceable measures to achieve 



the GHG reduction metric included in the CAP.  See Sierra Club v. County of San Diego (2014) 



231 Cal.App.4th 1152; California Riverwatch v. County of Sonoma (July 20, 2017) Case No. 
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SCV-259242 (Superior Court for the County of Sonoma)134; see also Mission Bay Alliance, et. al. 



v. Office of Community Investment and Infrastructure, et. al. (2016) 6 Cal.App.5th 160 



(upholding the adequacy of a CAP as CEQA compliance for a new professional sports facility). 



298. The new numeric GHG per capita metric that the 2017 Scoping Plan prescribes as 



the presumptively correct GHG reduction target for CAPs places the entire burden of achieving 



the state’s legislated 40% reduction target by 2030, and the unlegislated 80% reduction target by 



2050, on local governments, with for example a numeric GHG reduction target of 2 tons per 



person per year by 2050. However, as the 2017 Scoping Plan itself makes clear, the vast majority 



of GHG emissions derive from electric power generation, transportation,  manufacturing, and 



other sectors governed by legal standards, technologies, and economic drivers that fall well 



beyond the land use jurisdiction and control of any local government. The Scoping Plan does not 



even quantify the GHG reductions to be achieved by local governments, in their voluntary caps or 



otherwise: it seeks to define and achieve the state’s GHG reduction mandates with measures 



aimed at specific GHG emission sectors. 



299. The 2018 San Diego County CAP, adopted after the County lost its first CEQA 



lawsuit, adopts both CARB’s numeric GHG targets—and the mandate that new housing projects 



entirely absorb the additional cost of fully offsetting GHG emissions in compliance with the “net 



zero” standard by paying money to fund GHG reduction projects somewhere on earth. The San 



Diego CAP both proves the immediacy of the disparate mitigation cost harms of the Scoping 



Plan’s imposition of even higher costs to housing critically needed by California’s minority 



communities, and provides a case study in the anti-housing legal morass created by the 2017 



Scoping Plan’s ambiguous—and unexamined from an equity, environmental, economic 



disclosure or public review process—new CEQA “net zero” threshold and CAP per capita 



numeric standards.  



                                                 
134 The trial court order in California Riverwatch v. County of Sonoma is cited herein as evidence 
for the existence of CEQA litigation challenges to local climate action plans and not as legal 
precedent. The order is available at: http://transitionsonomavalley.org/wp-
content/uploads/2017/07/Order-Granting-Writ-7-20-17.pdf. 
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300. San Diego County faces its third round of CAP litigation (with the prior two 



rounds still ongoing in various stages of judicial remand and review) in a lawsuit filed in 2018, in 



which the same group of petitioners allege that the County again failed to include sufficient 



mandatory measures to achieve the 2017 Scoping Plan per capita GHG reduction metric because 



it continued to allow new housing to be built if offsetting GHG reductions were funded by the 



housing project in or outside the County.  A copy of one such lawsuit (consolidated with others) 



is attached for reference as Exhibit 2.  This lawsuit seeks a blanket, County-wide writ of mandate 



that would block “processing of permits for development projects on unincorporated County 



lands” unless these new housing-blocking measures are included. (See Exhibit 2 at p. 17:3-7.)  



The petitioners in these consolidated cases against San Diego County have further made clear that 



their ongoing objections to the County’s CAP were so severe that they had also been compelled 



to file CEQA lawsuits against individual housing projects, and in their lawsuit, they have 



included a list of nearly a dozen pending housing projects that in their judgment should not be 



allowed to proceed.  As described above, the Attorney General filed a request for leave to file an 



amicus brief in this case, accompanied by an amicus brief.  See Exhibit 1.   Based on CARB’s 



2017 Scoping Plan, the AG has sought to bolster to the petitioners’ anti-housing CEQA lawsuits, 



including their claims that designated housing projects in unincorporated San Diego County 



cannot lawfully be approved or built based on VMT impacts, even if all GHG impacts are 



mitigated to “net zero.”    



301. This CEQA morass of extraordinary GHG reduction costs imposed only on 



residents of newly constructed housing, with still pending and unresolved CEQA lawsuit 



challenges against the CAP and specific housing projects, for GHG reductions that are not even 



quantified, let alone critical to California’s climate leadership, is itself an ample demonstration of 



the disparate harms of CARB’s poorly-conceived and discriminatory GHG Housing Measures. 



302. The Scoping Plan’s VMT reduction measure is likewise causing immediate, 



ongoing, and disparate harm to California’s minority communities who are forced to drive ever-



greater distances to find housing they can afford to buy or rent.  As in the case of local climate 



action plans, there is no statewide statutory or regulatory mandate for reducing VMT. The 
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Legislature considered and rejected imposing a VMT reduction mandate, and CARB considered 



and rejected imposing a VMT reduction mandate as part of the regional land use and 



transportation planning mandated under SB 375 (first postponing its decision in December of 



2017, at the same hearing CARB approved the Scoping Plan – and then definitively rejecting it in 



March of 2018).   



303. At these hearings, CARB was informed that VMT had increased in California 



while transit utilization had fallen dramatically notwithstanding billions of dollars in new transit 



system investments. VMT reduction thus could not appropriately be included as SB 375 



compliance metrics and with increases in electric and high efficiency hybrid vehicles, the 



correlation between VMT and GHG emissions is increasingly weak.  



304. Even more than CARB’s other GHG Housing Measures, the VMT reduction 



mandate is uniquely targeted to discriminate against minority workers. The American Community 



Survey (“ACS”) is a project of the U.S. Census Bureau and tracks a wide range of data over 



time—including the ethnicity, transportation mode, and times of California commuters. The ACS 



data demonstrate that in the 10 year period between 2007 and 2016, 1,117,273 more Latino 



workers drove to their jobs, 377,615 more Asian workers drove to their jobs, and 18,590 more 



African American workers drove to their jobs.135  During the same period, 447,063 fewer white 



workers drove to their jobs. Transit utilization increased for white and Asian workers, but fell for 



Latino and African American workers. During the same period, commute times lengthened 



substantially as more people—again disproportionately minorities—were forced to commute 



longer distances to housing they could afford.   



305. By 2016, about 445,000 people in the Bay Area were commuting more than an 



hour each direction—an increase of 75% over the 2006 count of long distance Bay Area 



commuters. Anyone driving between the Bay Area and Central Valley during commute times 



vividly experiences the gridlock conditions, adverse personal health (e.g., stress, high blood 



                                                 
135 David Friedman, Jennifer Hernandez, California, Greenhouse Gas Regulation, and Climate 
Change, Holland & Knight, Chapman University Press (2018), Table 3.7, p. 84, 
https://www.chapman.edu/wilkinson/_files/ghg-fn.pdf. 
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pressure, back pain), and adverse family welfare (e.g., missed dinners, homework assistance, and 



exhaustion) consequences of these commutes.   



306. CARB (and the Attorney General) also have no support for their argument 



disputing the fact that the challenged Housing Measures disproportionately affect minority 



community members.  As early as 2014, CARB received a comprehensive report from NextGen, 



a firm closely aligned with the strongest supporters of California’s climate leadership, urging 



CARB to restructure its electric car subsidy program, which was found to be disproportionately 



benefitting those in Marin County and other wealthier and whiter areas that could afford to 



purchase costly new electric vehicles.  In “No Californian Left Behind,” Next Gen noted the 



obvious: “the overwhelming majority of Californians still use cars to get to work,” including 77% 



who commute alone and 12% who carpool.  Further, “[i]n less densely developed and rural areas 



like California’s San Joaquin Valley, commuters often have long distances to drive between 



home, school, work and shopping; as a result, car ownership is often not a choice, but a 



necessity.”  Even more specifically, the report found that in Fresno County, even for workers 



earning less than $25,000, fewer than 3 percent of commuters take public transportation to work; 



in Madera County, only 0.3% of low-income workers took transit, and the results were 



comparable in in the rest of the San Joaquin Valley.  Next Generation, No Californian Left 



Behind: Clean and Affordable Transportation Options for all through Vehicle Replacement, 



*http://www.thenextgeneration.org/files/No_Californian_Left_Behind_1.pdf (February 27, 2014) 



at p. 9.  NextGen advocated a restructured vehicle program designed to equitably retire and 



replace the oldest most polluting cars, and to shift subsidy and incentive programs to help those 



who are either low income or need rural transport to obtain cleaner, lower-GHG emitting cars.  



(Id. p. 5)   NextGext noted:  



 “California is already a leader in advanced and high tech transportation and transit 



solutions.  It is time we also became a leader in pragmatic solutions for a population that 



is sometimes left behind in these discussions: non-urban, low-income, car-dependent 



households.”   
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The VMT reduction mandate in the 2017 Scoping Plan was specifically identified as CARB was 



fully on notice of the disparate harms caused to minority communities by its approach.   In a 



report submitted to CARB by the climate advocacy group NextGen in February 2014, CARB was 



informed that Central Valley Latinos drive longer distances than any other ethnic group in any 



other part of California—and live in communities and households with the highest poverty rates.   



307. Notwithstanding CARB’s express acknowledgement in March of 2018 (and 



preview in December of 2017) that even the regional transportation and housing plans required by 



SB 375 cannot attain a VMT reduction target, CARB and its fellow “Vibrant Communities 



Appendix” agencies, remain committed to using CEQA to require new projects—including 



housing that is affordable and critically needed for California’s minority communities—to pay 



higher costs to fund VMT reductions through CEQA.  



308. As with the “net zero” GHG mitigation mandate, the immediate and ongoing effect 



of this VMT reduction measure is to increase housing costs to even less affordable and attainable 



levels for California’s minority communities. 



309. Even before enactment of the 2017 Scoping Plan, OPR (the Vibrant Communities 



agency that has the responsibility for adopting regulatory updates to CEQA) had been proposing 



to regulate the act of driving a car (even an electric vehicle or carpool) one mile (one VMT) as a 



new CEQA “impact” requiring “mitigation”— independent of whether the mile that was driven 



actually caused any air quality, noise, GHG, safety, or other impacts to the physical environment.   



310. This expansion of CEQA was prompted in 2013, when OPR was directed by the 



Legislature in SB 743 to adopt a metric other than congestion-related traffic delay in transit-



served “infill” areas as the appropriate transportation impact required to be evaluated and 



mitigated under CEQA, since these neighborhoods were intentionally being planned for higher 



density, transit/bike/pedestrian rather than automobile-dependent, neighborhoods. Pub. Res. Code 



§ 21099(b).  



311. In SB 743, the Legislature authorized but did not require the state Office of 



Planning and Research (OPR) to use VMT as the replacement metric for transit-served areas, and 



authorized but did not require OPR to apply an alternate transportation impact metric outside 
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designated urban infill transit neighborhoods. OPR responded with three separate rounds of 



regulatory proposals, each of which proposed expanding CEQA by making VMT a new CEQA 



impact, and requiring new mitigation to the extent a VMT impact was “significant.” OPR further 



proposed a series of VMT significance thresholds, analytical methodologies, and potential 



mitigation measures, which varied over time but included a “road diet” and measures to 



discourage reducing congestion, on the theory that such congestion could somehow “induce” 



transit use and VMT reductions.   



312. Under all three sets of OPR proposals, projects would be required to do more 



mitigation to reduce significant VMT impacts—by reducing VMT (i.e., reducing GHG or other 



air pollutants is not a valid CEQA mitigation approach for a new VMT impact). OPR received 



scores of comments objecting to expanding CEQA by making driving a mile a new “impact” 



requiring “mitigation,” particularly given the disparate impact such a metric has on minority 



communities and the many adverse impacts to the environment, and public health and welfare, 



caused by the housing crisis and the state’s worst-in-the-nation commutes.    



313. OPR, again and repeatedly citing to the asserted need to reduce VMT to meet 



California’s GHG reduction and climate leadership commitments, held a recent round of 



workshops on VMT mitigation strategies, working in close coordination with CARB’s earlier and 



since-abandoned proposal to include VMT reductions as a required SB 375 regional 



transportation plan compliance measures.   



314. At these workshops, OPR and its outside experts from an Oregon university 



conceded that VMT could likely not be “mitigated” by reducing miles driven by the future 



residents of any particular housing project (e.g., by adding secure bike racks or charging extra for 



parking), since whether people drive a mile or call an Uber—or hop on a bike or bus—is a 



function of available, cost- and time-effective transportation modes as well as the incomes and 



planned destinations of future residents. Agency workshop participants expressly acknowledged 



that VMT had increased 6% over 2011 levels, even though California’s primary climate statutes 



(including many programs designed to promote transit and higher density development, and many 
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billions of dollars in completed transit systems improvements) were in effect during this same 



period.     



315. These experts also conceded that with the success of on-demand ride services like 



Uber and Lyft, including the increasing cost-effectiveness and popularity of voucher-based on-



demand rides by transit agencies in lieu of operating fixed route buses with low and still-declining 



utilization levels, there was no evidence that VMT could be substantially reduced by a particular 



project in a particular location as part of the CEQA review process for that project.   



316. Instead, the VMT mitigation proposals shared during the workshops required that 



new housing pay others to operate school buses, bikeshare, and make improvements to bike and 



pedestrian pathways to the extent these measures could be demonstrated to reduce VMT. The 



suggested VMT mitigation measures had in common the payment of substantial fees (with some 



options suggested requiring annual payments, in perpetuity, of $5000 per apartment or home).    



317. A recent academic study of VMT mitigation under CEQA likewise concedes the 



difficulty of a particular project achieving VMT reductions, and endorses the concept of adding to 



housing and other project costs payments to VMT “banks” or “exchanges” to fund third party 



VMT reductions – VMT reductions that occur somewhere, by someone.   



318. This OPR VMT saga, like CARB’s ultimate decision not to require a VMT 



compliance metric under SB 375, further demonstrates that the 2017 Scoping Plan’s VMT 



reduction mandate measure – which CARB’s senior executive expressly acknowledged was 



intended to be “self-executing” -  is a fundamentally flawed “throw-away” measure that was 



neither acknowledged nor given an equity, environmental, or economic evaluation before being 



included in CARB’s 2017 Scoping Plan. 



319. The last of the challenged GHG Housing Measures is the Vibrant Communities 



Appendix, in which eight state agencies (including OPR) join with CARB in committing to 



undertake a series of actions to implement the approved Scoping Plan.  Some of these agencies 



already have begun implementing the Scoping Plan, to the immediate and ongoing harm of 



California minority communities who are already disproportionately suffering from the housing 



crisis.   
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320. The Vibrant Communities appendix is an “interagency vision for land use, and for 



discussion” (emphasis added) of “State-Level Strategies to Advance Sustainable, Equitable 



Communities and Reduce Vehicles Miles of Travel (VMT).” 2017 Scoping Plan Appendix C, p. 



1. 



321. First, all of disparate and unlawful current and ongoing harms described in 



connection with the Scoping Plan’s VMT Reduction measure apply equally to the actions of other 



State agencies based on the Vibrant Communities appendix measures.  None have a rational basis 



for claiming any actual success in reducing VMT through their respective direct regulatory 



activities. 



322. Second, there is no constraint in the “Vibrant Communities Appendix” preventing 



any of the eight state agency signatories from taking immediate steps to directly enforce these 



“land use” policies, while claiming to “work together to achieve this shared vision and to 



encourage land use and transportation decisions that minimize GHG emissions.”  2017 Scoping 



Plan Appendix C, p. 2. 



323. OPR’s VMT expansion of CEQA, discussed above, is an example of an agency 



action to reduce VMT and GHG that is at least subject to formal rulemaking procedures and is 



thus not yet being “implemented.”   



324. In contrast, in June of 2018, a combination of four Vibrant Communities Appendix 



implementing agencies joined by one other agency136  announced that they would henceforth 



implement – without benefit of any further Legislative or regulatory action –the “December 2017 



Scoping Plan directive”.  This announcement was made at the San Francisco Bay Area Regional 



Meeting announcing the “California’s 2030 Natural and Working Lands Climate Change 



Implementation Plan.”   Consistent with the anti-housing bias built into CARB’s GHG Housing 



Measures, these agencies collectively promised to avoid “conversion of land for development.” 



                                                 
136  The five agencies are: the California Environmental Protection Agency, the California 
Natural Resources Agency, CARB, the California Department of Food and Agriculture, and the 
Coastal Conservancy. 
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325. These five agencies made no exception for developing housing, even for housing 



that CARB has already concluded as part of the SB 375 regional plan process meets California’s 



legislated GHG emission reduction requirements.  These agencies likewise made no exception for 



transportation or other critical infrastructure, even if consistent with local and regional plans, even 



if approved by federal or state agencies other than this five-agency consortium, even if within an 



approved city limit, and even if approved by voters.  Simply put, these agencies – which have 



combinations of funding, permitting, planning and enforcement obligations – have signaled that 



they are not going to approve new development on land that is not already developed.   



326. The sole reed upon which this vast new legal prohibition rests is the 2017 Scoping 



Plan, and more specifically the Vibrant Communities Appendix.  See SF Bay Area Regional 



Meeting, California’s 2020 Natural and Working Lands Climate Change Implementation Plan, 



available at http://resources.ca.gov/wp-content/uploads/2018/08/SF-Bay-Area-NWL-meeting-



presentation-6.18.pdf. 



327. Less than 6% of California is urbanized, and each city and county is charged by 



state law with adopting a General Plan that must accommodate the housing, transportation, and 



infrastructure needs of its existing and planned future residents. Under SB 375, these local land 



use plans are effectively consolidated into regional transportation and land use plans that must 



accommodate future population and economic growth as well as meet CARB targets for reducing 



GHG from the land use sector. Every regional Sustainable Communities Strategy (“SCS”) plan 



includes some combination of housing, infrastructure (including transportation improvements), 



schools and other land uses that are carefully and deliberatively sited within each jurisdiction’s 



boundaries – and adopted only after each local government first complies with CEQA and 



completes an extensive public notice, comment, and hearing process before appointed and elected 



officials.   



328. The decision of the California Department of Fish & Wildlife (“CDFW”) to 



simply stop issuing permits for housing and related infrastructure projects that have already been 



approved by local elected officials, after community input, in compliance with all applicable 



laws—and have further already been approved by CARB, as part of the SB 375 regional plan 
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approval process—is a blatant example an announced harm being committed against housing by a 



state agency in furtherance of CARB’s 2017 Scoping Plan.   



329. Third, consistent with normal practice for lawsuits that include a claim that the 



respondent agency has failed to comply with CEQA, Petitioners elected to prepare the 



administrative record that is relevant to the disposition of this CEQA cause of action. The 



Legislature has specifically prescribed the content of the CEQA administrative record, which 



includes in part: “Any other written materials relevant to the respondent public agency’s 



compliance with this division or to its decision on the merits of the project” and  “all . . . internal 



agency communications, including staff notes and memoranda relating to the project.” Pub. Res. 



Code § 21167.6(c)(10).  



330. Petitioners timely sought the administrative record from CARB, and in another 



normal practice for CEQA lawsuits submitted requests filed under the California Public Records 



Act (“CPRA”) to each of the Vibrant Communities Appendix agencies in relation to each 



agency’s Scoping Plan and Vibrant Communities Appendix, and VMT or other Scoping Plan 



documents.   



331. Many months later, only incomplete responses have been provided by CARB 



(which sought to limit the administrative record in this case to select excerpts from its Scoping 



Plan docket).  



332. Several of the Vibrant Communities Appendix agencies, including CDFW, OPR, 



parent and affiliated agencies of each (Natural Resources Agency and Strategic Growth Council), 



and CalSTA, responded with minimal documents and instead asserted that the requested 



documents were exempt from disclosure under the CPRA because they could result in public 



“controversy.”   



333. One of these partially-responsive agencies admitted that the withheld documents 



involved the highest level of state government, and included legislative proposals. All of these 



partially-responsive agencies declined a second letter request to disclose the withheld documents, 



or provide a privilege log describing each withheld document and the reason for its concealment.  
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334. There is no centralized or otherwise public repository of Vibrant Communities 



Appendix agency documents that disclose to the public their current, planned, or future activities 



with respect to implementing the Scoping Plan. There is likewise no centralized or otherwise 



public repository of which implementing activities are being (or will be) directly undertaken, and 



which will not be undertaken without future rulemaking or authorizing legislation.   



335. From just the “direct” implementation activities noted above—and in particular 



CARB’s intervention in an ongoing CEQA project-level review to opine on GHG mitigation 



requirements in a manner that is contrary to published judicial opinions, and CDFW’s announced 



intention to cease authorizing activities that would convert land to development with no exception 



for new housing or related infrastructure that is already included in approved General Plans, 



infrastructure plans, voter-approved bonds, or CARB-approved Sustainable Communities 



Strategies implementing SB 375, is ample evidence of the immediate and ongoing new costs and 



regulatory obstacles already being imposed by these agency Scoping Plan implementing actions. 



336. CARB’s GHG reduction compliance metric is arbitrary, not supported by science, 



has no rational basis, and is racially discriminatory. In California’s GHG and climate leadership 



laws, the Legislature did not prescribe any specific measurement methodology or compliance 



metric for meeting California’s GHG reduction goals. The methodology and metrics that CARB 



has chosen completely ignore massive GHG emissions that occur when California’s forests burn, 



as has tragically occurred at a large scale for several of the past years, notwithstanding estimates 



that just one major forest fire wipes out an entire year of GHG reductions achieved by CARB’s 



regulatory actions.137 



337. Similarly, CARB does not count—or require reductions of—GHG emissions 



associated with imported foods or other goods, or with a multitude of other activities such as 



airplane trips. However, every time a California resident (or job) leaves California, CARB counts 



that as a GHG reduction—even though the top destinations for the hundreds of thousands of 



                                                 
137 David Friedman, Jennifer Hernandez, California, Greenhouse Gas Regulation, and Climate 
Change, Holland & Knight, Chapman University Press (2017), p. 60-61, 
https://www.chapman.edu/wilkinson/_files/ghg-fn.pdf. 
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Californians who have migrated to lower cost states in recent years, notably including Texas, 



Arizona and Nevada—have per capita GHG emissions that are more than double the emissions 



those same individuals would have if they remained in California.   



338. Climate change and GHG emissions are a global challenge, and nearly tripling the 



GHG emissions of a California family that needs to move to Texas or Nevada to find housing 



they can afford to rent or buy, increases global GHG.   



339. It may be that there are other environmental priorities favored by CARB and its 



allies that justify policies that are in fact resulting in the displacement and relocation of 



California’s minority communities, that reduce the state’s population, and that eliminate higher 



energy production jobs like manufacturing that traditionally provided a middle class income (and 



home ownership) to a hard worker without a college degree. These discriminatory anti-minority 



policies cannot, however, be scientifically, politically, or legally justified in the name of global 



reductions of GHG.   



340. CARB’s International Policy Director on climate, former Obama administration 



senior climate team Lauren Sanchez, admitted that the GHG reduction metrics used by CARB – 



that simply and completely ignores the increased global GHG emissions from forcing 



Californians to live in high GHG states to find housing they can afford to buy with commute 



times that did not damage driver health, family welfare, and the environment - were “flawed” at 



the recent (October 2018) Environmental Law Conference in Yosemite. This admission rebuts the 



politically shocking and legally invalid assertion that it is constitutional for CARB to implement 



racially discriminatory measures (because CARB’s discriminatory objective is merely to force 



minority Californians to either try to live in housing they cannot afford located nowhere near their 



job, or migrate to another state).   



341. The 2017 Scoping Plan is required to reduce California’s share of global GHG 



emissions, but it completely ignores massive emission sources that are controversial within the 



environmental community (e.g. managing California’s massive wildfire risks which result in 



GHG emissions that dwarf CARB’s regulatory GHG reductions, based on what the non-partisan 
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Little Hoover Commission reported in February 2018 as a century of forest mismanagement 



including clashes between environmental agencies). 138   



342. The 2017 Scoping Plan also completely ignores other massive GHG emissions 



attributed to the behavior of wealthier Californians  (e.g., airplane rides, and consumption of 



costly imported consumer products).139  Instead, as summarized a Chapman University Research 



Brief, CARB has administered California’s climate laws with actions such as the 2017 Scoping 



Plan that drive up the fundamental costs of living for ordinary Californians—housing, electricity, 



transportation—and thereby drive more people (and disproportionately minorities) into poverty, 



and out of the state.140   



343. The 2017 Scoping Plan fails even the most rudimentary “rational basis” 



constitutional test, and it is being implemented today by organizations and agencies including 



CARB that are driving up housing costs and blocking housing projects today.  To cause this much 



pain and hardship to this many people, and to place the greatest burdens on those already 



disparately harmed by the housing crisis, is unconscionable.  It is also ongoing, illegal, and 



unambiguously intentional, for CARB to impose these “flawed” GHG reduction metrics that 



cause disparate harms to racial minorities living in California. 



344. The foregoing paragraphs describe agency actions that are exacerbating the State’s 



extreme poverty, homelessness and housing crisis while increasing global GHG emissions by 



driving Californians to higher per capita GHG states.141 



                                                 
138 Little Hoover Commission, Fire on the Mountain: Rethinking Forest Management in the 
Sierra Nevada (February 2018), available at https://lhc.ca.gov/report/fire-mountain-rethinking-
forest-management-sierra-nevada. 
139 Bay Area Air Quality Management District and Cool Climate Network at UC Berkeley, 
Consumption-Based GHG Emissions Inventory: Prioritizing Climate Action for Different 
Locations  (December 15, 2015), available at https://escholarship.org/uc/item/2sn7m83z   
140 Friedman, Id., Summary at p. 7-9. 
141 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People 
Move In, The Sacramento Bee (Mar. 5, 2017), available at 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
available at https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-
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345. CARB’s new GHG Housing Measures, individually and collectively, on their face 



and as applied, deprive Petitioners, including but not limited to RODRIGUEZ, MURILLO and 



PEREZ, and other historically-disadvantaged minorities, of the fundamental right to live in 



communities that are free from arbitrary, government-imposed standards whose inevitable effect 



is to perpetuate their exclusion from participation in the housing markets in or near the 



communities in which they work. CARB’s new GHG Housing Measures, individually and 



collectively, on their face and as applied, have a disparate adverse impact on Petitioners, 



including but not limited to RODRIGUEZ, MURILLO and PEREZ, and other historically-



disadvantaged minorities, as compared to similarly-situated non-minorities who currently enjoy 



affordable access to housing near their workplaces.   



346. CARB’s new GHG Housing Measures, on their face and as applied to the sorely-



needed development of new, affordable housing, are arbitrary and not rationally related to the 



furtherance of their purported regulatory goal of reducing overall GHG emissions. 



H. CARB’S GHG Housing Measures Are “Underground Regulations” and Ultra 



Vires 



347. A regulation is defined as “every rule, regulation, order, or standard of general 



application or the amendment, supplement, or revision of any rule, regulation, 



order, or standard adopted by any state agency to implement, interpret, or make specific the law 



enforced or administered by it, or to govern its procedure.” Gov. Code § 11342.600.  



348. State agencies are required to adopt regulations following the procedures 



established in the APA and are prohibited from issuing and enforcing underground regulations. 



Gov. Code § 11340.5. Under the APA, an underground regulation is void. 



349. Each of CARB’s new GHG Housing Measures are being implemented by CARB, 



and other state and local agencies, without further rulemaking or compliance with the APA.   The 



GHG Housing Measures are underground regulations requiring APA compliance, and cannot be 



                                                 
housing-costs-poll-finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions 
Data, October 2017, available at https://www.eia.gov/environment/emissions/state/. 
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lawfully implemented absent authorizing Legislation or formal rulemaking (inclusive of 



environmental and economic review as required by the APA). 



350. CARB’s new GHG Housing Measures infringe on areas reserved for other State 



agencies in two ways: 



A. Senate Bill (“SB”) 97  directs OPR to develop CEQA significance thresholds via 



the CEQA Guidelines. OPR’s update does not include the Scoping Plan’s 



presumptive CEQA GHG threshold. CARB was expressly allowed by the 



Legislature in SB 97  to adopt a CEQA significance threshold only in the context 



of updates to the CEQA Guidelines, which must undergo a rigorous rulemaking 



process. CARB has acted ultra vires and contrary to the express command of the 



Legislature in adopting its recommended CEQA significance threshold in the 



Scoping Plan. 



B. California has adopted new building standards, which are designed to assure that 



new building code requirements are cost effective (with payback to the 



consumer). “Net zero” new home building standards were not included. CARB has 



no Legislative authority to bypass and frustrate this consumer protection law by 



using CEQA as a workaround to require “net zero”.142   



351. In articulating and publishing its new GHG Housing Measures, CARB has not 



complied with the APA’s rulemaking procedures and requirements. As a consequence, CARB’s 



new GHG Housing Measures are unlawful underground regulations, and should be held to be 



void and of no effect. 



FIRST CAUSE OF ACTION 



(Fair Employment and Housing Act, Gov. Code § 12955 et seq.) 



352. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-351 above, as well as in paragraphs 358-458. 



                                                 
142 See generally California Department of Housing and Community Development, State Housing 
Law Program Laws and Regulations, http://www.hcd.ca.gov/building-standards/state-housing-
law/state-housing-laws-regulations.shtml. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-109- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



353. The Fair Employment and Housing Act (Gov. Code , § 12955 et seq.) (“FEHA”) 



provides, inter alia, that: “It shall be unlawful . . . (l) To discriminate through public or private 



land use practices, decisions, and authorizations, because of race, color,  .  . national origin, 



source of income or ancestry.” 



354. CARB’s new GHG Housing Measures, on their face and as applied, constitute 



public land use practices decisions and/or policies subject to the FEHA. 



355. CARB’s new GHG Housing Measures actually and predictably have a disparate 



negative impact on minority communities and are discriminatory against minority communities 



and their members, including but not limited to Petitioners RODRIGUEZ, MURILLO, and 



PEREZ. 



356. CARB’s new GHG Housing Measures and their discriminatory effect have no 



legally sufficient justification. They are not necessary to achieve (nor do they actually tend to 



achieve) any substantial, legitimate, nondiscriminatory interest of the State, and in any event such 



interests can be served by other, properly-enacted standards and regulations having a less 



discriminatory effect.  



357. Because of their unjustified disparate negative impact on members of minority 



communities, including Petitioners, CARB’s new GHG Housing Measures violate the FEHA, and 



should be declared unlawful and enjoined.  



SECOND CAUSE OF ACTION 



(Federal Housing Act and HUD Regulations, 42 U.S.C. § 3601 et seq.; 24 C.F.R. Part 100) 



358. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-357 above, as well as paragraphs 368-458. 



359. The Federal Housing Act (42 U.S.C. § 3601 et seq.) (“FHA”) was enacted in 1968 



to combat and prevent segregation and discrimination in housing.  The FHA’s language 



prohibiting discrimination in housing is broad and inclusive, and the purpose of its reach is to 



replace segregated neighborhoods with truly integrated and balanced living patterns.   



360. In formal adjudications of charges of discrimination under the FHA over the past 



20-25 years, the U.S. Department of Housing and Urban Development (“HUD”) has consistently 
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concluded that the FHA is violated by facially neutral practices that have an unjustified 



discriminatory effect on the basis of a protected characteristic, regardless of intent. 



361. Pursuant to its authority under the FHA, HUD has duly promulgated and published 



nationally-applicable federal regulations implementing the FHA’s Discriminatory Effects 



Standard at 24 C.F.R. Part 100 (see 78 Fed.Reg. 11460-01 (February 15, 2013)) (“HUD 



Regulations”). These HUD Regulations continue to apply, and have the force and effect of law. 



362. HUD Regulations provide, inter alia, that liability under the FHA may be 



established “based on a practice’s discriminatory effect . . . even if the practice was not motivated 



by a discriminatory intent.” 24 C.F.R. § 100.500.   



363. HUD Regulations further provide that: “A practice has a discriminatory effect 



where it actually or predictably results in a disparate impact on a group of persons or perpetuates 



segregated housing patterns because of race, color, . . . or national origin.” 



364. CARB’s GHG Housing Measures actually and predictably result in a disparate 



impact on members of minority communities, including but not limited to Petitioners, and 



perpetuates segregated housing patterns because of race, color, and/or national origin within the 



meaning of the FHA and HUD Regulations. 



365. Because of the discriminatory effect of CARB’s GHG Housing Measures, CARB 



has the burden of proving that these GHG Housing Measures do not violate the FHA as 



interpreted and implemented through the HUD Regulations. 



366. CARB has not met, and cannot meet, its burden of trying to justify the 



discriminatory effect of its challenged GHG Housing Measures, which are not necessary to 



achieve the stated goals, which could and should be pursued through other measures having a less 



discriminatory effect. 



367. Because CARB’s GHG Housing Measures have an unjustified discriminatory 



effect on members of minority communities, including Petitioners, they violate the FHA as 



implemented though HUD Regulations. Consequently, CARB’s GHG Housing Measures should 



be declared unlawful and enjoined, and Petitioners are entitled to other and further relief pursuant 



to 42 U.S.C. § 1983.  
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THIRD CAUSE OF ACTION 



(Denial of Due Process, Cal. Const. Art. I, § 7; U.S. Const. Amd. 14, § 1) 



368. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-367 above, as well as paragraphs 373-448. 



369. Petitioners have a right to be free of arbitrary State regulations that are imposed 



without having first been presented to the public through duly-authorized rulemaking processes 



by Legislatively-authorized State agencies.   



370. CARB’s new GHG Housing Measures, individually and collectively, will 



inevitably cause serious harm to the ability of Petitioners and other members of disadvantaged 



minority communities to gain access to affordable housing, and have a disproportionate adverse 



impact on them. 



371. CARB’s new GHG Housing Measures are not rationally calculated to further the 



State’s legitimate interest in reducing GHG emissions, on their face or as applied to housing 



projects in California. Instead, CARB’s new GHG Housing Measures are both arbitrary and 



counterproductive in terms of actually achieving their purported goals of GHG emission 



reductions. 



372. For these reasons, CARB’s GHG Housing Measures have been issued in violation 



of, and constitute substantive violations of, the Due Process Clauses of the California and United 



States Constitutions. (Cal. Const. Art. 1, § 7; U.S. Const. Amd. 14, § 1,) 



FOURTH CAUSE OF ACTION 



(Denial of Equal Protection, Cal. Const. Art. I, § 7, Art. IV § 16; U.S. Const. Amd. 14, § 1) 



373. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-372 above, as well as 382-458. 



374. Non-discriminatory access to housing is a fundamental interest for purposes of 



evaluating regulations under the equal protection provisions of the California Constitution. Art. I, 



§ 7 and Art. IV, § 16. 
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375. Non-discriminatory access to housing is a fundamental interest for purposes of 



evaluating regulations under the equal protection clause of the United States Constitution. U.S. 



Const. Amd. 14, § 1.  



376. CARB’s GHG Housing Measures disproportionately affect members of minority 



communities, including Petitioners RODRIGUEZ, MURILLO and PEREZ, by making affordable 



housing unavailable to them, as compared with non-minority homeowners unaffected by the new 



GHG regulations, while imposing arbitrary, counter-productive State regulations and standards.  



377. Race and ethnicity are suspect classes for purposes of evaluating regulations under 



the equal protection provisions of the California Constitution. Art. I, § 7 and Art. IV, § 16. 



378. Race and ethnicity are suspect classes for purposes of evaluating regulations under 



the equal protection clause of the United States Constitution. U.S. Const. Amd. 14, § 1.  



379. Petitioners warned CARB about the racially discriminatory aspects of the Scoping 



Plan prior to CARB’s finalizing and issuing the Scoping Plan. Despite Petitioners’ warning, 



CARB disregarded these impacts and issued the Scoping Plan without changes. On information 



and belief,  CARB did so with the intent to disproportionately cause harm to racial minorities, 



including minority communities of which Petitioners are members. 



380. CARB’s GHG Housing Measures violate the equal protection provisions of the 



California Constitution because they make access to new, affordable housing a function of race.  



381. CARB’s GHG Housing Measures violate the equal protection clause of the United 



States Constitution because they make access to new, affordable housing a function of race.  



FIFTH CAUSE OF ACTION 



(Violations of CEQA, Pub. Res. Code § 21000 et seq. and CEQA Guidelines, 14 C.C.R.           



§ 15000 et seq.) 



382. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-381 above, as well as paragraphs 395-458. 



383. CARB violated CEQA by approving the 2017 Scoping Plan in violation of the 



Act’s requirements and by certifying a legally deficient environmental analysis. 
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384. CARB did not write its Final EA in plain language so that members of the public 



could readily understand the document.  



385. CARB did not assess the “whole of the project” as required by CEQA. The GHG 



Housing Measures are included in the 2017 Scoping Plan and thus the “project” for CEQA 



purposes should have included potential direct and indirect impacts on the environment from the 



four GHG Housing Measures. CARB did not include an analysis of the four GHG Housing 



Measures in the EA. 



386. CARB did not base its Final EA on an accurate, stable, and finite project 



description. The EA did not include the four GHG Housing Measures in its project description. 



For this reason CARB applied an unreasonable and unlawful “project” definition and undermined 



CEQA’s informational and decision-making purposes. The project description was misleading, 



incomplete, and impermissibly vague. 



387. CARB did not properly identify the Project objectives in its EA. 



388. CARB’s unlawful use of the “cumulative gap” methodology created multiple legal 



deficiencies in the EA, including in the project description, project objectives, and impact 



analysis. Had CARB used the appropriate project objective—reducing GHG 40% below the 1990 



California GHG inventory by 2030—the estimated 1% of GHG reductions (1.79 tons per year) 



achieved by the GHG Housing Measures would have been entirely unnecessary, and all disparate 



and unlawful adverse civil rights, environmental, housing, homelessness, poverty, and 



transportation consequences of the GHG Housing Measures could have been avoided.   



389. At most, CARB could have clearly identified its “cumulative gap” methodology as 



an alternative to the project that would have further reduced GHG emissions beyond the SB 32 



statutory mandate, to further inform the public and decisionmakers of the comparative impacts 



and consequences of SB 32’s legislated GHG reduction mandate, and the more substantial GHG 



reductions sought by CARB staff. CARB’s failure to use the SB 32 statutory mandate of 



achieving 40% GHG reduction from 1990 levels as of 2030 is a fatal legal flaw. 



390. CARB also failed to adequately evaluate the direct, indirect, and cumulative 



environmental impacts of the 2017 Scoping Plan in its Final EA, even after commenters identified 
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numerous review gaps in their comments on the Draft EA. As discussed above, CARB was fully 



on notice of the scale and nature of the impacts associated with the GHG Housing Measures 



based on CARB’s review and approval of more than a dozen regional plans to intensify housing 



densities near transit, and improve public transit, from all of California’s most significant 



population centers; each of these regional plans identified multiple unavoidable significant 



adverse environmental impacts from implementation of current plans. The deficiencies in the 



Final EA include but are not limited to the following:  



 Aesthetic impacts such as changes to public or private views and character of existing 



communities based on increased building intensities and population densities; 



 Air quality impacts from increases in GHG, criteria pollutants, and toxic air 



contaminant emissions due to longer commutes and forced congestion that will occur 



from the implementation of the VMT limits in the 2017 Scoping Plan; 



 Biological impacts from increased usage intensities in urban parks from substantial 



infill population increases; 



 Cultural impacts including adverse changes to historic buildings and districts from 



increased building and population densities, and changes to culturally and religiously 



significant resources within urbanized areas from increased building and population 



densities; 



 Urban agriculture impacts from the conversion of low intensity urban agricultural uses 



to high intensity, higher density uses from increasing populations in urban areas, 



including increasing the urban heat island GHG effect; 



 Geology/soils impacts from building more structures and exposing more people to 



earthquake fault lines and other geologic/soils hazards by intensifying land use in 



urban areas; 



 Hazards and hazardous materials impacts by locating more intense/dense housing and 



other sensitive uses such as schools and senior care facilities near freeways, ports, and 



stationary sources in urbanized areas; 
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 Hydrology and water quality impacts from increasing volumes and pollutant loads 



from stormwater runoff from higher density/intensity uses in transit-served areas as 



allowed by current stormwater standards; 



 Noise impacts from substantial ongoing increases in construction noise from 



increasing density and intensity of development in existing communities and ongoing 



operational noise from more intensive uses of community amenities such as extended 



nighttime hours for parks and fields; 



 Population and housing impacts from substantially increasing both the population and 



housing units in existing communities; 



 Recreation and park impacts from increasing the population using natural preserve and 



open space areas as well as recreational parks; 



 Transportation/traffic impacts from substantial total increases in VMT in higher 



density communities, increased VMT from rideshare/carshare services and future 



predicted VMT increases from automated vehicles, notwithstanding predicted future 



decrease in private car ownership; 



 Traffic-gridlock related impacts and multi-modal congestion impacts including noise 



increases and adverse transportation safety hazards in areas of dense multi-modal 



activities; 



 Public safety impacts due to impacts on first responders such as fire, police, and 



paramedic services from congested and gridlocked urban streets; and 



 Public utility and public service impacts from substantial increases in population and 



housing/employment uses and demands on existing water, wastewater, electricity, 



natural gas, emergency services, libraries and schools. 



391. As stated above, although the Scoping Plan’s CEQA threshold is not binding on a 



lead agency, it nevertheless has immediate evidentiary weight as the expert conclusion of the 



state’s expert GHG agency.  Thus, the Scoping Plan’s CEQA threshold is appropriately 



justiciable, and should be vacated for the reasons set forth herein. 
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392. As a result of these defects in the Final EA, CARB prejudicially abused its 



discretion by certifying an EIR that does not comply with CEQA and by failing to proceed in the 



manner required by law. 



393. Petitioners objected to CARB’s approvals of the GHG Housing Measures prior to 



the close of the final public hearings on CARB’s 2017 Scoping Plan and raised each of the legal 



deficiencies asserted in this Petition.  



394. Petitioners have performed all conditions precedent to the filing of this Petition, 



including complying with the requirements of Pub. Res. Code section 21167.5 by serving notice 



of the commencement of this action prior to filing it with this Court. 



SIXTH CAUSE OF ACTION 



(Violations of APA, Gov. Code § 11346 et seq.)  



395. Petitioners hereby re-allege and re-incorporate herein by reference the allegations 



of paragraphs 1-394 above, as well as paragraphs 405-458. 



396. Under the APA and other applicable law, CARB is required to comply with 



regulations issued by the Department of Finance (“DOF”) before issuing a “major regulation.”   



Specifically, the APA (Gov. Code § 11346.3(c)) requires that CARB prepare a standardized 



regulatory impact assessment (“SRIA”) in a form, and with content, that meets requirements set 



by the DOF in its separate regulations (1 C.C.R. § 2000 et seq.).  



397. CARB’s GHG Housing Measures constitute a major regulation subject to the 



APA’s requirement that such regulations be promulgated in compliance with DOF regulations.  



398. Section 2003 of DOF regulations (1 C.C.R. § 2003(a)) (“Methodology for Making 



Estimates”) provides that, “[i]n conducting the SRIA required by Section 11346.3”, CARB “shall 



use an economic impact method and approach that has all of the following capabilities: 



(1) Can estimate the total economic effects of changes due to regulatory policies over a multi-



year time period. 



(2) Can generate California economic variable estimates such as personal income, 



employment by economic sector, exports and imports, and gross state product, based on inter-
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industry relationships that are equivalent in structure to the Regional Industry Modeling 



System published by the Bureau of Economic Analysis. 



(3) Can produce (to the extent possible) quantitative estimates of economic variables that 



address or facilitate the quantitative or qualitative estimation of the following. 



(A) The creation or elimination of jobs within the state; 



(B) The creation of new businesses or the elimination of existing businesses within the 



state; 



(C) The competitive advantages or disadvantages for businesses currently doing business 



within the state; 



(D) The increase or decrease of investment in the state; 



(E) The incentives for innovation in products, materials, or processes; and  



(F) The benefits of the regulations, including but not limited to benefits to the health, 



safety, and welfare of California residents, worker safety, and the state’s environment and 



quality of life, among any other benefits identified by the agency.” 



399. DOF regulations require that DOF’s “most current publicly available economic 



and demographic projections, which may be found on the department’s website, shall be used 



unless the department approves the agency’s written request to use a different projection for a 



specific proposed major regulation.” 1 C.C.R. § 2003(b). 



400. DOF regulations also provide that: “An analysis of estimated changes in behavior 



by businesses and/or individuals in response to the proposed major regulation shall be conducted 



and, if feasible, an estimate made of the extent to which costs or benefits are retained within the 



business and/or by individuals or passed on to others, including customers, employees, suppliers 



and owners.” 1 C.C.R. § 2003(f). 



401. In grafting its new GHG Housing Measures onto the 2017 Scoping Plan, CARB 



has failed to comply with the APA, including DOF regulations applicable to CARB. 



402. More significantly, and consistent with the LAO’s repeated findings that the 



CARB analysis methodology fails to provide sufficiently detailed information about impacts to 



individuals, households and businesses, CARB’s 2017 Scoping Plan completely ignores the fact 
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that California has the greatest inequality in the United States, and that energy costs, loss of 



energy-intensive jobs and housing costs related to Scoping Plan policies play a major role in that 



unwanted outcome. To fulfill its statutory mandates, CARB must start by recognizing that, as 



meticulously documented in a United Way Study, more than 30% of all California households 



lack sufficient means to meet the real cost of living in the state.  



403. In addition, as described above, by using the unlawful “cumulative gap” 



methodology to calculate the GHG reductions it claims are needed in the 2017 Scoping Plan, 



CARB improperly created inputs for the FA that render the entire document invalid. 



404.  In its present form, the Scoping Plan embodies multiple violations of the APA and 



should be set aside as unlawful and void. 



SEVENTH CAUSE OF ACTION 



(Violations of the California Global Warming Solutions Act, Health & Safety Code § 38500 



et seq.) 



405. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-404 above, as well as paragraphs 413-458.  



406. The GWSA provides in pertinent part that, in promulgating GHG regulations, 



CARB “shall do all of the following: 



(1)  Design the regulations, including distribution of emissions allowances where appropriate, 



in a manner that is equitable, seeks to minimize costs and maximize the total benefits to 



California, and encourages early action to reduce greenhouse gas emissions. 



(2)  Ensure that activities undertaken to comply with the regulations do not disproportionately 



impact low-income communities. 



(3) Ensure that entities that have voluntarily reduced their greenhouse gas emissions prior to 



the implementation of this section receive appropriate credit for early voluntary 



reductions. 



(4)  Ensure that activities undertaken pursuant to the regulations complement, and do not 



interfere with, efforts to achieve and maintain federal and state ambient air quality 



standards and to reduce toxic air contaminant emissions. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-119- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



(5)  Consider cost-effectiveness of these regulations. 



(6)  Consider overall societal benefits, including reductions in other air pollutants, 



diversification of energy sources, and other benefits to the economy, environment, and 



public health.” 



407. In responses to Petitioners’ comments on the 2017 Scoping Plan, CARB has  



acknowledged that Chapter 5 of the Scoping Plan (which sets out the new GHG Housing 



Measures) was not part of what it analyzed in issuing the Scoping Plan. In CARB’s words, 



“These recommendations in the ‘Enabling Local Action’ subchapter of the Scoping Plan are not 



part of the proposed ‘project’ for purposes of CEQA review.”143 Thus, CARB admits that it did 



not even pretend to analyze the consequences of the provisions of Chapter 5 of the Scoping Plan. 



408. CARB’s assertion that the new GHG Housing Measures set out in Chapter 5 of the 



Scoping Plan do not constitute “major regulations” is belied by their content and the legal and 



regulatory setting in which they were issued, as described above.    



409. Each scoping plan update must also identify for each emissions reduction measure, 



the range of projected GHG emission reductions that result from the measure, the range of 



projected air pollution reductions that result from the measure, and the cost-effectiveness, 



including avoided social costs, of the measure. H&S Code § 38562.7. 



410. The 2017 Scoping Plan contains no such analysis for CARB’s  new GHG Housing 



Measures. The Plan lists potential emission reductions from the “Mobile Source Strategy” which 



includes the VMT reduction requirements, but does not analyze proposed emission reductions, 



projected air pollution reductions, or cost-effectiveness of the other measures. 



411. CARB’s new GHG Housing Measures, as set out in its 2017 Scoping Plan, were 



issued in violation of some or all of the specific statutory requirements set out in the GWSA, as 



described above. 



                                                 
143 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
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412. As a consequence, CARB’s new GHG Housing Measures were adopted in a 



manner that is contrary to law, and should be set aside. 



EIGHTH CAUSE OF ACTION 



(Violations of the Health & Safety Code, § 39000 et seq., including the California Clean Air 



Act, Stats. 1988, ch. 1568 (AB 2595)) 



413. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-412 above, as well as paragraphs 437-458. 



414. California has ambient air quality standards (“CAAQS”) which set the maximum 



amount of a pollutant (averaged over a specified period of time) that can be present in outdoor air 



without any harmful effects on people or the environment. 



415. CAAQS are established for particulate matter (“PM”), ozone, nitrogen dioxide 



(“NO2”), sulfate, carbon monoxide (“CO”), sulfur dioxide (“SO2”), visibility-reducing particles, 



lead, hydrogen sulfide (“H2S”), and vinyl chloride.  



416. In California, local and regional authorities have the primary responsibility for 



control of air pollution from all sources other than motor vehicles. H&S Code § 39002. 



417. Under the California Clean Air Act (“CCAA”), air districts must endeavor to 



achieve and maintain the CAAQS for ozone, carbon monoxide, sulfur dioxide, and nitrogen 



dioxide by the earliest practicable date. H&S Code § 40910. Air districts must develop attainment 



plans and regulations to achieve this objective. Id.; H&S Code § 40911. 



418. Each plan must be designed to achieve a reduction in districtwide emissions of five 



percent or more per year for each nonattainment pollutant or its precursors. H&S Code § 



40914(a). CARB reviews and approves district plans to attain the CAAQS (H&S Code § 40923; 



41503) and must ensure that every reasonable action is taken to achieve the CAAQS at the 



earliest practicable date (H&S Code § 41503.5).  



419. If a local district is not effectively working to achieve the CAAQS, CARB may 



establish a program or rules or regulations to enable the district to achieve and maintain the 



CAAQS. H&S Code § 41504. CARB may also exercise all the powers of a district if it finds the 
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district is not taking reasonable efforts to achieve and maintain ambient air quality standards. 



H&S Code § 41505. 



420. Fresno County is part of the San Joaquin Valley Air Pollution Control District 



(“SJVAPCD”). The SJVAPCD is currently nonattainment/severe for the CAAQS for ozone and 



nonattainment for PM.  



421. The vast majority of California is designated nonattainment for the CAAQS for 



ozone and PM.  



422. Nitrogen oxides, including NO2, CO, and volatile organic compounds (“VOCs”) 



are precursor pollutants for ozone, meaning they react in the atmosphere in the presence of 



sunlight to form ozone.  



423. PM is a complex mixture of extremely small particles and liquid droplets found in 



the air which can cause serious health effects when inhaled, including asthma and other lung 



issues and heart problems. Some particles are large enough to see while others are so small that 



they can get into the bloodstream. PM is made up of PM10 (inhalable particles with diameters 10 



micrometers and smaller) and PM2.5 (fine inhalable particles with diameters 2.5 micrometers and 



smaller). 



424.  PM emissions in California and in the SJVAPCD increased in 2016 as compared 



to prior years.  



425. As detailed above, the VMT reduction requirements in the 2017 Scoping Plan will 



result in increased congestion in California. 



426.  Increasing congestion increases emissions of multiple pollutants including NOx, 



CO, and PM. This would increase ozone and inhibit California’s ability to meet the CAAQS for 



ozone, NO2, and PM, among others. 



427. Because CARB intends to achieve the VMT reduction standard by intentionally 



increasing congestion, which will increase emissions of criteria pollutants such as NO2 and PM, 



CARB is violating its statutory duty to ensure that every reasonable action is taken to 



expeditiously achieve attainment of the CAAQS.  
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428. In addition to a responsibility under the CCAA to meet the CAAQS, CARB has a 



statutory duty under the Health & Safety Code to ensure that California meets the National 



Ambient Air Quality Standards (“NAAQS”) set by the EPA.  



429. Like the CAAQS, the NAAQS are limits on criteria pollutant emissions which 



each air district must attain and maintain. EPA has set NAAQS for CO, lead, NO2, ozone, PM, 



and SO2. 



430. CARB is designated the air pollution control agency for all purposes set forth in 



federal law. H&S Code § 39602. CARB is responsible for preparation of the state implementation 



plan (“SIP”) required by the federal Clean Air Act (“CAA”) to show how California will attain 



the NAAQS. CARB approves SIPs and sends them to EPA for approval under the CAA. H&S 



Code § 40923. 



431. While the local air districts have primary authority over nonmobile sources of air 



emissions, adopt rules and regulations to achieve emissions reductions, and develop the SIPs to 



attain the NAAQS (H&S Code § 39602.5), CARB is charged with coordinating efforts to attain 



and maintain ambient air quality standards (H&S Code § 39003) and to comply with the CAA 



(H&S Code § 39602).  



432. CARB also must adopt rules and regulations to achieve the NAAQS required by 



the CAA by the applicable attainment date and maintain the standards thereafter. H&S Code § 



39602.5. CARB is thus responsible for ensuring that California meets the NAAQS. 



433. SJVAPCD is nonattainment/extreme for the ozone NAAQS and nonattainment for 



PM2.5.   



434. The vast majority of California is nonattainment for the ozone NAAQS and much 



of California is nonattainment for PM10.  



435. It is unlawful for CARB to intentionally undermine California’s efforts to attain 



and maintain the NAAQS by adopting measures in the 2017 Scoping Plan that will increase NOx 



and PM by intentionally increasing congestion in an attempt to lower VMT to purportedly 



achieve GHG emission reductions.  
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436. In adopting the VMT reduction requirements in the 2017 Scoping Plan, CARB is 



violating its statutorily mandated duty in the Health & Safety Code to attain and maintain the 



NAAQS, and preventing the local air districts from adequately discharging their duties under law 



to do everything possible to attain and maintain the NAAQS.  



NINTH CAUSE OF ACTION 



(Violations of the APA - Underground Regulations, Gov. Code § 11340 – 11365) 



437. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-436 above, as well as paragraphs 442-458. 



438. As explained above, the GHG Housing Measures are standards of general 



application for state agencies and standards to implement and interpret the 2017 Scoping Plan and 



the reductions in GHG emissions it is designed to achieve.  



439. The four GHG Housing Measures in CARB’s 2017 Scoping Plan are underground 



regulations in violation of APA standards requiring formal rulemaking. 



440. As to the CEQA net zero GHG threshold specifically, the Legislature directed 



OPR to adopt CEQA guidelines as regulations and CEQA itself requires that public agencies that 



adopt thresholds of significance for general use must do so through ordinance, resolution, rule, or 



regulations developed through a public review process. CEQA Guidelines § 15064.7(b). Thus, 



any state agency that purports to adopt CEQA guidelines must do so via regulations, following 



the full formal rulemaking process in the APA.144  



441. CARB has not adopted the GHG Housing Measures through a public review 



process and thus it violates the APA. 



 



 



                                                 
144 California Building Industry Ass’n v. Bay Area Air Quality Mgmt. Dist. (2016) 2 Cal.App. 5th 
1067 (stating that air district adoption of CEQA guidelines, including GHG thresholds of 
significance, must be adopted as regulations, including with public notice and comment, and are 
not mere advisory expert agency opinion). 
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TENTH CAUSE OF ACTION 



(Ultra Vires Agency Action, Code of Civil Proc. §1085) 



442. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-441 above. 



443. In adopting the 2017 Scoping Plan, including the GHG Housing Measures, CARB 



has acted beyond its statutorily delegated authority and contrary to law. 



CEQA Net Zero GHG Threshold 



444. The 2017 Scoping Plan would apply a CEQA net zero GHG emissions threshold 



to all CEQA projects. CEQA applies to the “whole of a project”, which includes construction 



activities, operation of new buildings, offsite electricity generation, waste management, 



transportation fuel use, and a myriad of other activities.  



445. This threshold is unlawful under Newhall, supra, 62 Cal.4th 204, and other current 



California precedent affirming that compliance with law is generally an acceptable CEQA 



standard. This includes, but is not limited to, using compliance with the cap-and-trade program as 



appropriate CEQA mitigation for GHG and transportation impacts. Association of Irritated 



Residents v. Kern County Bd. of Supervisors (2017) 17 Cal.App.5th 708. 



446. This threshold is also unlawful under OPR’s GHG CEQA rulemaking package 



which stated that there was not a CEQA threshold requiring no net increase in GHG emissions 



(i.e., no one molecule rule). See “Final Statement of Reasons for Regulatory Action”, 



Amendments to the State CEQA Guidelines Addressing Analysis and Mitigation of Greenhouse 



Gas Emissions Pursuant to SB 97, Dec. 2009, p. 25 ([n]otably, section 15064.4(b)(1) is not 



intended to imply a zero net emissions threshold of significance. As case law makes clear, there is 



no “one molecule rule” in CEQA. (CBE, supra, 103 Cal.App.4th 120)”). 



Regulating In An Attempt to Achieve the 2050 GHG Emission Reduction Goal 



447. CARB also acted ultra vires by attempting to mandate GHG Housing Measures 



that purportedly would help California achieve the 2050 GHG reduction goal in Executive Order 



S-3-05.  
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448. CARB has no Legislative authority to regulate towards achieving the 2050 goal, a 



GHG emission reduction target which has not been codified and which the Legislature has 



repeatedly refused to adopt. Mandating actions in an attempt to reach the 2050 goal is outside 



CARB’s statutory authority under the GWSA which only contains GHG emission reduction 



standards for 2020 and 2030.  



449. The Legislative Analyst’s Office has stated that, based on discussions with 



Legislative Counsel, it is unlikely that CARB has authority to adopt and enforce regulations to 



achieve more stringent GHG targets. LAO report, p. 7.  



 VMT Reduction Requirements 



450. In addition, the VMT reduction standards mandated in the Scoping Plan are ultra 



vires and beyond CARB’s statutory authority.  



451. The Legislature rejected legislation as recently as 2017 requiring VMT 



reductions/standards. 



452. The only agency authorized to consider VMT under CEQA is OPR under SB 743. 



OPR’s proposed SB 743 regulations are going through a formal rulemaking process now and 



CARB cannot jump the gun and, with zero statutory authority, adopt VMT regulations in the 



2017 Scoping Plan.  



SB 97 and OPR Promulgation of CEQA Guidelines 



453. Similarly, the only method by which the Legislature authorized OPR (with 



CARB’s permissive but not mandatory cooperation) to adopt new CEQA significance thresholds 



is via updates to the CEQA Guidelines.   



454. OPR has not included CARB’s new GHG Housing Measures in its proposed new 



Guidelines, and CARB has no authority to make an “end run” around the rulemaking process 



established by the Legislature. 



New Building Code Requirements 



455. The Legislature has enacted new consumer protection requirements, including new 



building standards, designed to assure that new building code requirements are cost effective.  
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CARB’s “net zero” new home building standard was not included in these new building 



standards. 



456. CARB has no Legislative authority to impose new “net zero” building standards. 



457. CARB’s new “net zero” building standards are contrary to, and will substantially 



frustrate, the Legislature’s purpose in adopting new building code requirements.   



458. CARB’s decision to adopt the 2017 Scoping Plan and the GHG Housing Measures 



within it was also fraught with procedural defects, including violations of the APA, CEQA, and 



GWSA, as explained above. These procedural defects are further actions that are ultra vires and 



were taken contrary to law. 



PRAYER FOR RELIEF 



WHEREFORE Petitioners THE TWO HUNDRED, including LETICIA RODRIGUEZ, 



TERESA MURILLO and EUGENIA PEREZ, request relief from this Court as follows: 



A. For a declaration, pursuant to Code of Civil Procedure § 1060, that the following 



GHG regulations and standards, as set out in CARB’s Scoping Plan, are unlawful, void, and of no 



force or effect:  



 The Vehicle Miles Traveled (“VMT”) mandate.



 The Net Zero CEQA threshold



 The CO2 per capita targets for local climate action plans for 2030 and 2050



// 



// 



// 



// 



// 











• The "Vibrant Communities" policies in Appendix C. 



2 B. For a writ of mandate or peremptory writ issued under the seal of this Court 



3 pursuant to Code of Civil Procedure § 1094.5 or in the alternative§ 1085, directing Respondents 



4 to set aside the fo regoing provisions of the Scoping Plan and to refrain from issuing any further 



5 GHG standards or regulations that address the issues described in subsecti on A. above until such 



6 time as CARB has complied with the requirements of the APA, CEQA, and the requirements of 



7 the Due Process and Equal Protection clauses of the California and United States Constitutions; 



8 c. For permanent injunctions restraining Respondents from issuing any further GHG 



9 standards or regulations that address the issues described in subsection A. above until such time 



10 as CARB has complied with the requirements of the APA, CEQA, and the requirements of the 



11 Due Process and Equal Protection clauses of the California and United States Constitutions; 



12 D. For an award of their fees and costs, including reasonably attorneys' fees and 



13 expert costs, as authorized by Code of Civil Procedure§ 102 1.5, and 42 U.S. Code section 1988. 



14 E. That thi s Court retain continuing jurisd iction over this matter until such time as the 



J 5 Court has determined that CARB has fully and properly complied with its Orders. 
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F. For such other and furthe r relief as may be just and appropriate. 



Dated November 21, 20 18 Respectfully submitted, 



HOLLAND & KNIGHT LLP 



By~ • . -==:::::: 
Je1m1fer L. I lcrnandez 
Charles L. Coleman HJ 
Marne S. Sussman 
David I. Holtzman 



Attorneys for Plaintiffs/Petitioners 
THE T WO 1 IUNDRED, LETICIA RODRIGUEZ, 
TERESA MURILLO, GINA PEREZ, et al. 
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VERIFICATION 



I, Jennifer L. Hernandez, am one of the attorneys for, and am a member of, TI IE TWO 



HUNDRED, an unincorporated association, Plaintiffs/ Petitioners in this action. I am authorized 



lo make this verification on behal f of THE TWO HUNDRED and its members named herein. 



have read the foregoing FIRST /\MENDED VERTFI ED PETITION FOR WRIT OF 



MA DATE; COMPLAINT FOR DECLARATORY AND INJUNCTIVE RELIEF and know the 



contents thereof. I am informed and bel ieve and on that ground allege that the matters stated 



therein are true. I verify the foregoing Petition and Complaint for the reason that 



Plaintiffs/Petitioners named in the Petition/Complaint arc not present in the county where my 



office is located. 



I declare under penalty of perjury under the lavvs of the State of California that the 



foregoing is true and correct. 



Executed this 2 1st day of November, 20 18, at San Francisco, Cali fornia. 
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INTRODUCTION 



The People of the State of California, ex rel. Attorney General Xavier Becerra, seek leave 



to file the attached Amicus Curiae Brief in support of Petitioners Sierra Club, Golden Door 



Properties and other organizations (“Petitioners”) filed against the County of San Diego 



(“County”).  The Attorney General seeks to participate as amicus curiae in this action to ensure 



compliance with the requirements of the California Environmental Quality Act (“CEQA”) (Pub. 



Resources Code, §§ 21000, et seq.) and to protect the natural resources and public health and 



safety of the State.   



This action challenges the County’s approval of the revised Climate Action Plan (“revised 



CAP”), the environmental impact report (“EIR”) for the revised CAP, and the Threshold of 



Significance for climate change impacts.  The Attorney General’s amicus brief will discuss the 



County’s CEQA violations relating to the revised CAP approvals, including the EIR’s failure to 



analyze the revised CAP’s inconsistency with state and regional plans and policies to address 



climate change.  The Attorney General’s proposed amicus brief is attached hereto as Exhibit A.  



The Attorney General’s participation as amicus curiae is appropriate in this action and will 



provide helpful expertise to the Court. 



The Attorney General is applying ex parte for leave to file an amicus brief in order to avoid 



causing any delay in this litigation.  Although not required, the Attorney General is also 



submitting its amicus brief as an exhibit to this application, to provide the court and the parties 



with the Attorney General’s brief as early as possible.  Moreover, the People have provided 



timely notice of this application.  (See Declaration of Shannon Clark in Support of Ex Parte 



Application.)  Counsel for the Petitioners have informed the People that the Petitioners’ support 



the ex parte application of the Attorney General to file an amicus curiae brief in this matter.  



(Ibid.)  Counsel for the County has informed the People that the County opposes the application.  



(Ibid.)   



THE ATTORNEY GENERAL’S PARTICIPATION IS APPROPRIATE 



The Attorney General’s interest in this case stems both from his responsibility as the State’s 



chief law enforcement officer to ensure that the State’s laws are appropriately enforced and from 
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his duty under the Government Code to protect the environment and natural resources of 



California. (Cal. Const., art. V, § 13; Gov. Code, §§ 12600-12612; D’Amico v. Board of Medical 



Examiners (1974) 11 Cal.3d 1, 14-15.)  As CEQA’s enforcer, the Attorney General has a 



particular interest in ensuring the proper interpretation of CEQA and of the regulations 



implementing CEQA (Cal. Code Regs., tit. 14, § 15000 et seq.) (“CEQA Guidelines”).   



The Attorney General has a unique role with respect to actions concerning pollution and 



adverse environmental effects that could affect the public or the natural resources of the State.  



(Gov. Code, §§ 12600-12612.)  Government Code section 12600 specifically provides that “[i]t is 



in the public interest to provide the people of the State of California through the Attorney General 



with adequate remedy to protect the natural resources of the State of California from pollution, 



impairment, or destruction.”  (Emphasis added.)  The Attorney General further has express 



statutory authority to “intervene in any judicial or administrative proceeding in which facts are 



alleged concerning pollution or adverse environmental effects which could affect the public 



generally.”  (Gov. Code, § 12606.)  These provisions are to be liberally construed and applied to 



promote their underlying purpose.  (Gov. Code, § 12603.)   



The Attorney General also has a special role in ensuring compliance with CEQA.  The 



Attorney General receives copies of all CEQA notices sent to the State Clearinghouse, must be 



served with all CEQA complaints (Pub. Resources Code, § 21167.7), and is excused from the 



Act’s exhaustion requirements (Pub. Resources Code, § 21177(d).)  “The service of pleadings on 



the Attorney General has the effect of informing that office of the action and permits the Attorney 



General to lend its power, prestige, and resources to secure compliance with CEQA and other 



environmental laws . . . .”  (Schwartz v. City of Rosemead (1984) 155 Cal.App.3d 547, 561; see 



Pub. Resources Code, § 21167.7; Code Civ. Proc., § 388.)     



For a number of years, the California Attorney General has actively participated in CEQA 



matters raising issues of greenhouse gas (“GHG”) emissions and climate change.  In 2006, the 



Attorney General’s Office submitted its first comment letter noting that climate change is an 



environmental impact that must be addressed under CEQA.  Ultimately, the Attorney General’s 



position was codified in 2007 with the passage of Senate Bill 97 (Pub. Resources Code, § 
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21083.05) and is reflected in CEQA’s implementing regulations (Cal. Code Regs., tit. 14,  § 



15064.4.)  Where information, transparency, and effective mitigation have been lacking, the 



Attorney General has taken action, consistent with the office’s longstanding interest in protecting 



the public welfare and ensuring compliance with CEQA.  For example, the Attorney General 



challenged the adequacy of the EIR certified for the San Diego Association of Governments’ 



2050 Regional Transportation Plan and Sustainable Communities Strategy because it failed to 



adequately mitigate its GHG impacts, or consider mitigation that would reduce vehicle miles 



traveled.  (Cleveland National Forest Foundation v. San Diego Assn. of Governments (2017) 17 



Cal.App.5th 413.)  The Attorney General also commented on the County’s 2011 General Plan 



Update EIR, recommending that it’s mitigation measure requiring the implementation of a CAP 



contain as much specificity as possible, so as not to be deferred mitigation.  (California Attorney 



General, Comments on the Draft EIR for the San Diego General Plan Update (Aug. 31, 2009) 



p.7.) 



Here, the Attorney General’s involvement in this action is appropriate, because the revised 



CAP may result in adverse environmental effects affecting the public health and safety and 



natural resources.  The EIR acknowledges that the revised CAP will have significant impacts on 



the state’s natural resources.   (AR 16:13535.)  The revised CAP will increase vehicle use in the 



County, creating inconsistencies with state laws and policies to address climate change, including 



Senate Bill 375.  (AR 22:18417, 18432-18433; 29:13550.)  This increase in vehicle use will also 



lead to increases in air pollutants such as particulate matter, which is harmful to human and 



environmental health.  (AR 22:19483.)  The EIR fails to evaluate or mitigate these significant 



impacts as required by CEQA.  Accordingly, the Attorney General requests permission to file an 



amicus curiae brief to ensure that the County addresses the harms the revised CAP will cause to 



the public and the natural resources of the state. 



THIS COURT HAS DISCRETION TO ALLOW THE FILING OF THE 
PEOPLE’S AMICUS CURIAE BRIEF 



A trial court has discretion to accept amicus curiae briefs.  (See In re Marriage Cases 



(2008) 43 Cal.4th 757, 791, fn. 10 [“[T]he superior court, in exercising its traditional broad 
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discretion over the conduct of pending litigation, retained the authority to determine the manner 



and extent of [dismissed parties’] participation as amici curiae that would be of most assistance to 



the court.”].)  As Witkin’s California Procedure observes about participation in trial court 



proceedings, “[a]ttorneys as amici curiae (‘friends of the court’) are occasionally permitted in the 



complete discretion of the court to be heard orally or by briefs on a legal question in which they 



are interested.”  (4 Witkin, Cal. Proc.  (5th ed. 2008) Plead, § 216.)  Reported cases have 



mentioned, without objecting to, the practice of trial courts accepting amicus curiae briefs from 



the Attorney General. (See, e.g., California Attorneys, etc. v. Schwarzenegger (2009) 174 



Cal.App.4th 424, 431 [“Attorney General Edmund G. Brown, Jr. filed an amicus brief in the trial 



court.”]; People v. Murtha (1993) 14 Cal.App.4th 1112, 1126, fn. 2 [noting that a deputy attorney 



general filed an amicus brief in the superior court].)  Similarly, trial courts have routinely 



admitted amicus briefs from other amicus curiae as well.  (See, e.g., Uhler v. City of Encinitas 



(1991) 227 Cal.App.3d 795, 799, fn. 1 [noting that, in writ action under CEQA, homeowners 



“association appeared . . . as amicus curiae before the San Diego County Superior Court”]; Union 



Bank of California v. Superior Court (2005) 130 Cal.App.4th 378, 386 (“The [federal agency] 



subsequently filed an amicus curiae brief in the trial court”]; Southwest Diversified, Inc. v. City of 



Brisbane (1991) 229 Cal.App.3d 1548, 1550 [“San Mateo County has filed amicus curiae briefs 



both in the trial court and in this appeal”].)  Thus, it is appropriate for the Court to allow the 



Attorney General to file an amicus curiae brief in this case. 



IDENTIFICATION OF ATTORNEYS PURSUANT TO RULE 3.1202 OF 
THE CALIFORNIA RULES OF COURT 



Pursuant to Rule 3.1202 of the California Rules of Court, the People identify the following 



attorneys who represent the parties in this matter: 
 
Jan Chatten-Brown 
Josh Chatten-Brown 
Chatten-Brown & Carstens LLP 
302 Washington Street, #710 
San Diego, CA 92103 
(619) 940-4522 
jcb@cbcearthlaw.com 
jrcb@cbcearthlaw.com 
Attorneys for Petitioner Sierra Club 
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 Christopher W. Garrett 
Taiga Takahashi 
Latham & Watkins LLP 
12670 High Bluff Drive 
San Diego, CA 92130 
(858)523-3987 
Christopher.Garrett@lw.com 
Taiga.Takahashi@lw.com 
Attorneys for Petitioner Golden Door Properties, LLC 
 
Joshua M. Heinlein  
Senior Deputy 
Claudia G. Silva 
Assistant County Counsel 
1600 Pacific Highway, Room 355  
San Diego, CA 92101-2469 
(619) 531-5850 
Claudia.Silva@sdcounty.ca.gov 
Joshua.Heinlein@sdcounty.ca.gov  
Attorneys for San Diego County 



 
CONCLUSION 



 To promote the fair adjudication of the important issues raised in this action and to protect 
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INTRODUCTION AND STATEMENT OF INTEREST 



  Amicus Curiae, the People of the State of California, ex rel. Attorney General Xavier 



Becerra (“Attorney General”), file this brief in support of the actions filed by the Sierra Club and 



Golden Door Properties (“Petitioners”) against the County of San Diego (“County”).   



The Attorney General submits this brief to assist the Court in evaluating the adequacy of the 



County’s revised climate action plan (“revised CAP”) and its supplemental environmental impact 



report (“EIR”).  



In its 2011 General Plan―the “constitution” for San Diego’s future development1―the 



County committed to adopting a countywide greenhouse gas (“GHG”) emissions reduction plan 



or climate action plan as its key climate mitigation measure.  The Attorney General has long 



advocated the use of climate action plans to address GHG emissions at the local level by 



analyzing impacts and identifying mitigation opportunities that may be lost on project-by-project 



review.2  The County’s decision to prepare a climate action plan was an important step in the 



right direction from a legal, policy, and environmental standpoint.  Still, the County’s initial effort 



in 2012 fell short of complying with the California Environmental Quality Act (“CEQA”).  The 



County failed to ensure that its initial climate action plan included comprehensive and 



enforceable GHG reduction measures that would keep the County on track to meet its 2020 target 



and stay on track for continuing emissions reductions over the longer term.  In addition, the initial 



climate action plan lacked its own supplemental environmental analysis.  In Sierra Club v. 



County of San Diego (2014) 231 Cal.App.4th 1152, the Court of Appeal affirmed the judgment of 



this court, laying out these shortcomings with the expectation that the County would fix them, 



continuing its forward progress.   



   



                                                           
1 DeVita v. County of Napa (1995) 9 Cal.4th 763, 773. 
2 See, e.g., Attorney General’s Comment Letter on San Diego County General Plan 



Update Draft Environmental Impact Report (August 31, 2009); Attorney General’s Comment 
Letter on Tulare County General Plan and Recirculated Draft Environmental Impact Report (May 
27, 2010); Attorney General’s Comment Letter on City of Pleasanton’s Proposed General Plan 
Update and Final Environmental Impact Report (May 8, 2009), available at 
https://oag.ca.gov/environment/ceqa/letters.  





https://oag.ca.gov/environment/ceqa/letters
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Rather than meeting its CEQA responsibilities, however, the County ignored the Court’s 



requirement that the climate action plan include enforceable measures and instead retained 



provisions that do not appear to actually result in GHG emissions reductions.  Further, the County 



substantially backtracked by implementing mitigation measure GHG-1, referred to in this brief as 



the Offset Provision.  The Offset Provision allows future developments, including those located 



far from urban centers, to mitigate their GHG emissions largely through the purchase of offsets.  



(Administrative Record (“AR”) 16:13350.)  Positively, the County did take a more 



environmentally-protective approach in seeking to achieve net zero GHG emissions; however, the 



Offset Provision in reality is likely to lead to an increase in vehicle travel on the County’s roads, 



conflicting with regional transportation planning and state climate laws that call for reductions in 



vehicle use.   



Despite failing to comply with the Court’s order, the County now asserts, wrongly, that the 



revised CAP and EIR can serve as streamlining documents.  If they were to be treated as 



streamlining documents, future projects consistent with the revised CAP could comply with 



CEQA by incorporating the GHG analysis and mitigation measures developed in the EIR into 



project-level environmental review documents.  (CEQA Guidelines [Cal. Code Regs., tit. 14, § 



15000 et seq.], § 15183.5, 15125.)  The County’s revised CAP and EIR fall short of CEQA’s 



requirements for streamlining documents, however.  Under the CEQA Guidelines, an adequate 



plan must: (1) quantify GHG emissions within the relevant area, (2) establish GHG emissions 



targets, (3) identify GHG emissions from anticipated activities in the area, (4) specify GHG 



reduction measures to achieve the earlier emissions targets, (5) establish a method to monitor the 



plan’s progress, and (6) adopt the plan in a public process that includes environmental review.  



(Id. at § 15183.5, subd. (b).)  Here, the revised CAP does not identify the foreseeable GHG 



emissions from future development projects in its GHG emissions projections.  (AR 29:21639.)  



The revised CAP also does not contain GHG reduction measures that will adequately reduce 



GHG emissions to meet the revised CAP’s targets.  Finally, the EIR fails to analyze the revised 



CAP’s inconsistency with state or regional climate plans and policies, and fails to consider 



feasible mitigation measures that would comply with such laws.  Therefore, the revised CAP and 
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EIR cannot serve as streamlining documents for future project-level environmental review under 



CEQA Guidelines sections 15183.5.  The revised CAP and the EIR’s failures violate CEQA and 



may negatively effect the County’s residents, future developers, and the state’s efforts to address 



climate change. 



ARGUMENT 



I. WELL DESIGNED LOCAL CLIMATE ACTION PLANS SERVE IMPORTANT LEGAL AND 
ENVIRONMENTAL OBJECTIVES 



General plans are “projects” under CEQA and therefore subject to the requirements of 



CEQA.  (DeVita, supra, 9 Cal.4th at p. 794; CEQA Guidelines, § 15166.)  GHG emissions cause 



climate change, a serious environmental impact, and therefore must be analyzed and mitigated 



under CEQA.  (CEQA Guidelines, § 15064.4; see generally Cleveland National Forest 



Foundation v. San Diego Assn. of Governments (2017) 3 Cal.5th 497.)3  A well designed climate 



action plan―one that is enforceable and linked to the general plan―recognizes the important role 



that local governments must play in helping the state continuously and dramatically reduce 



emissions, and the risk of dangerous climate change, by mid-century.  (See Governor’s Office of 



Planning and Research, General Plan Guidelines (2017) p. 223-224, hereafter “General Plan 



Guidelines,” available at http://opr.ca.gov/docs/OPR_COMPLETE_7.31.17.pdf.) 



A. Local Governments Have an Essential Role to Play in Meeting the State’s 
Climate Objectives, Including Reducing Vehicle Miles Traveled 



California is experiencing first-hand the impacts of climate change, including more severe 



droughts and wildfires, coastal erosion, and the spread of insect-borne diseases.  (AR 1026:55037 



[California Air Resources Board, 2017 Scoping Plan (2017) at p. ES 2, hereafter “Scoping 



Plan”].)4  In response to the threats of climate change, and consistent with climate science, 



California took the lead in reducing GHG emissions by enacting the Global Warming Solutions 



                                                           
3 See also “The SANDAG Decision: How Lead Agencies Can ‘Stay in Step’ with Law and 



Science in Addressing the Climate Impacts of Large-Scale Planning and Infrastructure Projects” 
available at http://legal-planet.org/wp-content/uploads/2018/09/environmental-law-
news_2017_vol-26-no-2_fall_the-sandag-decision.pdf. 



4 The 2017 Scoping Plan is available at https://www.arb.ca.gov/cc/scopingplan/ 
scoping_plan_2017.pdf. 



 





http://opr.ca.gov/docs/OPR_COMPLETE_7.31.17.pdf


http://legal-planet.org/wp-content/uploads/2018/09/environmental-law-news_2017_vol-26-no-2_fall_the-sandag-decision.pdf


http://legal-planet.org/wp-content/uploads/2018/09/environmental-law-news_2017_vol-26-no-2_fall_the-sandag-decision.pdf


https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf


https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
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Act of 2006, also known as AB 32, which set the state’s original target of reducing GHG 



emissions to 1990 levels by 2020.  (Health & Saf. Code, §§ 38500 et. seq.)  As required by AB 



32, the Air Resources Board developed the Scoping Plan, which outlined a framework of GHG 



reduction strategies and a path for the state to meet AB 32’s GHG reduction targets.  (Health & 



Saf. Code, § 38561; AR1026:55038 [Scoping Plan at ES 3].)  In 2016, California passed Senate 



Bill 32 (“SB 32”), which strengthens the goals of AB 32 by setting a goal of reducing GHG 



emissions 40 percent below 1990 levels by 2030.  (Health & Saf. Code, § 38566.)  In 2017, the 



Scoping Plan was updated to include the 2030 targets from SB 32.  These “targets have not been 



set in isolation. They represent benchmarks, consistent with prevailing climate science, charting 



an appropriate trajectory forward that is in line with California’s role in stabilizing global 



warming below dangerous thresholds.  As we consider efforts to reduce emissions to meet the 



State’s near-term requirements, we must do so with an eye toward reductions needed beyond 



2030.”  (AR1026:55038 [Scoping Plan at ES 3].)  Represented graphically, our climate challenge 



is significant:5 



( AR1026:55071 [Scoping Plan, p. 18, fig. 5, “Plotting California’s Path Forward”].) 



                                                           
5 The chart also depicts the targets established by Executive Order S-3-05, which sets a 



goal of reducing GHG emissions to 2000 levels by 2010, 1990 levels by 2020 and 80 percent 
below 1990 levels by 1990. (Governor’s Exec. Order No. S-3-05 (June 1, 2005).)  In addition to 
the targets depicted in the chart, recent Executive Order B-55-18 establishes the goal of achieving 
carbon neutrality by 2045.  (Governor’s Exec. Order No. B-55-18 (Sept. 10, 2018).) 
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The Scoping Plan emphasizes that local governments are critical players in achieving the 



state’s climate stabilization goals.  (AR1026:55150 [Scoping Plan at p. 97]; see also id. at 55072, 



55115, 55125, 55140, 55144, 55150-55155 [pp. 19, 62, 72, 87, 91, 97-102].)  In particular, local 



governments are necessary partners in reducing GHG emissions from land use and transportation. 



The California Supreme Court has recognized that “[l]ocal governments … bear the primary 



burden of evaluating a land use project’s impact on greenhouse gas emissions.”  (Center for 



Biological Diversity v. California Dept. of Fish and Wildlife (2016) 62 Cal.4th 204, 230.)  



Further, the Scoping Plan relies on local governments, among other things,6 to achieve reductions 



from land use planning and transportation, and states that local governments “can develop land 



use plans with more efficient development patterns that bring people and destinations closer 



together in more mixed-use, compact communities that facilitate walking, biking, and use of 



transit.”  (AR 1026:55150 [Scoping Plan at 97].)     



Transportation is the largest source of GHG emissions in the state, totaling approximately 



half of statewide GHG emissions.  (AR 1026:55063 [Scoping Plan at p. 10].)  Accordingly, the 



development of communities that are compact, have easy access to transit, and are walkable and 



bikeable is integral to California’s low-carbon future.  (Id. at 55117, 55126-130 [pp. 64, 73-77].)  



In order to address this massive source of emissions, California has adopted environmental 



policies and laws intended to accomplish GHG reductions in part through reducing vehicle use.  



(See, e.g., Gov. Code, §§ 65080 et. seq. (referred to as Senate Bill 375, or SB 375); Pub. 



Resources Code, §§ 21099 et. seq. (referred to as Senate Bill 743 or SB 743).) These laws and 



policies not only reduce the GHG emissions that come from vehicles, but also shape land use so 



that it is conducive to other low-carbon forms of travel.   



 Reducing “vehicle miles traveled”7—a common measurement of vehicle usage—is 



necessary to achieve SB 32’s 2030 emissions reduction goals.  Specifically, the Scoping Plan 
                                                           



6 As the Scoping Plan notes, “many cities and counties improve their municipal operations 
by upgrading vehicle fleets, retrofitting government buildings and streetlights, purchasing greener 
products, and implementing waste-reduction policies. In addition, they may adopt more 
sustainable codes, standards, and general plan improvements to reduce their community’s 
footprints and emissions.”  (AR1026:55072 [Scoping Plan at p. 19].) 



7 For the purposes of analyzing GHG emissions, one vehicle mile traveled is the 
equivalent of one vehicle driving one mile. 











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



  10  



[Proposed] Amicus Curiae Brief of the People of the State of California (Lead Case No. 00014081-CU-TT-CTL) 
 



calls for a 15-percent reduction in total light-duty vehicle miles traveled by 2050 as compared to 



projected “business as usual” 2050 levels.  (AR 1026:55078, 55131 [Scoping Plan at pp. 25, 78].)  



Additionally, in 2008, California passed Senate Bill 375 (“SB 375”), which helps to achieve state 



GHG reduction goals specifically by reducing regional GHG emissions from light duty vehicles 



through coordinated land use transportation planning. (Gov. Code. § 65080 subd. (b)(2)(B)(vii).)  



Implementation of SB 375 is a primary strategy identified in the Scoping Plan to reduce GHG 



emissions from the transportation sector. (AR 1026:55154 [Scoping Plan at p. 101].)  Under SB 



375, regional planning organizations develop regional transportation plans to achieve the regional 



GHG reduction targets set by the Air Resources Board.  (Gov. Code § 65080.)  The final Air 



Resources Board staff report supporting the current SB 375 targets stated that in order to achieve 



the intent of SB 375, its emissions targets should be “achieved predominantly through strategies 



that reduce [vehicle miles traveled].”  (AR 22:20413 [Air Resources Board, Final Staff Report on 



the Proposed Update to the SB 375 GHG Emissions Reduction Targets (Oct. 2017) at p. 19].)  



The regional planning body for the San Diego Region, the San Diego Association of 



Governments (SANDAG), specifies in its regional transportation plan that GHG reductions are to 



be achieved through land use planning methods that are designed to reduce vehicle miles traveled, 



including “using land in ways that make developments more compact, conserving open space, 



and investing in a transportation system that provides people with alternatives to driving alone.”  



(AR 430:39941.)    



Local governments are well positioned to address how best to manage their land use and 



growth in a sustainable way, consistent with local needs and values, and to solicit community 



participation in developing communities that are both better for residents and lessen the area’s 



carbon footprint.  (AR 1026:55150 [Scoping Plan at p. 97].)  Local actions to combat climate 



change can in many cases be more effective, less costly and provide more environmental and 



economic co-benefits than regulating at the state level.  (Ibid.)  Beyond SB 375 compliance, the 



2017 Scoping Plan also supports comprehensive local planning as an important method to 



coordinate GHG emissions reductions.  (Id. at 55152-57 [pp. 99-104].)  The Air Resources Board 



recognizes that “there is a gap between what SB 375 can provide and what is needed to meet the 
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State’s 2030 and 2050 goals,” and therefore the Scoping Plan recommends that “local 



governments consider policies to reduce vehicle miles traveled to help achieve these reductions” 



through their local planning decisions. (Id. at 55154 [p. 101].)  In short, if California is to reach its 



climate objectives, local actions, in particular land use and transportation measures to reduce 



vehicle use, must be part of a multi-pronged approach to achieving statewide GHG reductions.   



B. Climate Action Plans Are an Effective Way to Comprehensively Address 
Local GHG Emissions Trends and Other Local Impacts 



Many local jurisdictions have developed program-level GHG emissions reduction plans, 



such as climate action plans.8  These plans outline city-, county- or region-level frameworks that 



detail the specific actions a local agency will implement to reduce GHG emissions to a specified 



emissions level that is consistent with the state’s long-term climate objectives  (General Plan 



Guidelines at pp. 226-229.)  Climate action plans, done correctly, provide a comprehensive 



approach to fighting climate change on the local level and allow the local government to address 



impacts that may not be sufficiently analyzed and mitigated if projects are only reviewed one at a 



time.  (Id. at p. 223.)  Because climate action plans look ahead to the future and can be integrated 



with other land use development plans, such as general plans, they allow jurisdictions to consider 



methods of GHG reduction that would not be available on a project-basis, such as zoning for 



compact development to decrease reliance on vehicles.  (Ibid.)  In addition, adopting a climate 



action plan can have important local co-benefits.  Many local jurisdictions achieve improved local 



air quality, which can lead to fewer pollution-related health impacts, and fiscal savings through 



adopting energy-saving measures in a climate action plan.9   



                                                           
8 See Air Resources Board, California Climate Action Portal Map, available at, 



https://webmaps.arb.ca.gov/capmap/; see also, Governor’s Office of Planning and Research, 2016 
California Jurisdictions Addressing Climate Change, available at 
http://www.opr.ca.gov/docs/2016_California_Jurisdictions_Addressing_Climate_Change_Summ
ary.pdf. 



9 See Statewide Energy Efficiency Collaborative, State of Local Climate Action: 
California 2016, pp. 4, 41, available at http://californiaseec.org/2016/10/state-of-local-climate-
action-california-2016-details-local-climate-leadership-in-the-state/.  
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http://www.opr.ca.gov/docs/2016_California_Jurisdictions_Addressing_Climate_Change_Summary.pdf


http://californiaseec.org/2016/10/state-of-local-climate-action-california-2016-details-local-climate-leadership-in-the-state/
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C. Legally Adequate Climate Action Plans Can Streamline CEQA Review for 
Future Projects   



Robust local GHG emissions reduction plans―those that will actually reduce local 



emissions over time―can also streamline CEQA review for projects that comply with the GHG 



reduction plan itself and the general plan.  (CEQA Guidelines, § 15183.5.)  Where there is an 



adequately detailed and enforceable climate action plan, the local government may appropriately 



determine that the GHG impacts for a project that is consistent with the climate action plan will 



be less than significant.  (Id. at § 15183.5, subd. (b).)  Additionally, through streamlining, an 



adequate EIR for climate action plan can provide for  “tiering” of environmental review, which 



allows a project-level EIR to incorporate the analysis from a program-level EIR with respect to 



issues “adequately addressed”10 in the program EIR.  (Id. at § 15152, subd. (b), (f).)   



A program-level EIR prepared for a climate action plan can: “[p]rovide an occasion for a 



more exhaustive consideration of effects and alternatives than would be practical in an EIR on an 



individual action”; “[e]nsure consideration of cumulative impacts that might be slighted in a case-



by-case analysis”; “[a]void duplicative reconsideration of basic policy considerations”; “[a]llow 



the lead agency to consider broad policy alternatives and program wide mitigation measures at an 



early time when the agency has greater flexibility to deal with basic problems or cumulative 



impacts”; and “[a]llow reduction in paperwork.”  (CEQA Guidelines, § 15168(b).)  CEQA 



streamlining made available by an adequate climate action plan and program level EIR can not 



only provide important benefits for the agency but also for the developer of the project: 



developers are provided with a reliable, predictable, more efficient method to address and 



mitigate a project’s GHG emissions.  In order for these benefits to be realized, however, a climate 



action plan must meet the criteria established in the CEQA Guidelines.  (Id. at §15183.5, subd. 



(b).)  



                                                           
10 An issue is “adequately addressed” when its significant impacts are fully mitigated, or 



when it is completely analyzed so that all foreseeable significant impacts are identified and ready 
to be mitigated at the project level.  (Id. at 15152, subd. (f)(3).) 
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II. THE SAN DIEGO CLIMATE ACTION PLAN, IN ITS CURRENT FORM, FALLS SHORT 
FROM AN ENVIRONMENTAL AND LEGAL PERSPECTIVE 



 The County’s revised CAP and EIR will foreseeably increase vehicle use in the County by 



allowing required GHG emission reductions to be accomplished mostly with offsets instead of 



land use and transportation measures to reduce vehicle miles traveled.  This reliance on offsets 



contradicts the goals of state climate policies such as SB 375.  The revised CAP and EIR also 



both fall short of CEQA’s requirements for environmental review and criteria for streamlining 



documents.  The revised CAP does not include the GHG emissions from foreseeable future 



general plan amendment projects in their GHG emissions projections, nor do they demonstrate 



that the revised CAP’s GHG reduction measures will actually reduce to insignificant the GHG 



emissions from the County’s General Plan Update.  Further, the EIR fails to analyze the revised 



CAP’s inconsistency with statewide GHG emissions reductions goals and regional GHG 



emissions reduction plans or consider feasible measures that would reduce GHG emissions in a 



manner consistent with these goals. 



A. The Revised CAP Will Increase Vehicle Miles Traveled, in Conflict with 
State Climate Goals and the Revised CAP’s Stated Purpose as Mitigation 
for the General Plan Update 



 Contrary to the state’s climate objectives, as expressed in the Scoping Plan and SB 375, and 



contrary to the County’s characterization of the revised CAP as a GHG mitigation measure for the 



General Plan Update, there is substantial evidence that the revised CAP will foreseeably increase 



vehicle miles traveled in San Diego County, thereby increasing GHG emissions.  This increase in 



emissions arises from the Offset Provision in the EIR.  (AR 16:13350.)   



 The County’s decisions to require certain future general plan amendment projects to achieve 



net zero GHG emissions, as well as to design the Offset Provision with a hierarchy that favors 



feasible on-site mitigation before turning to offsets for GHG reduction, reflect positive, 



environmental policy.11  The problem here, however, is that the County’s Offset Provision 



actually creates a framework which allows future general plan amendment developments in the 
                                                           



11 Verifiable, enforceable measures that prioritize on-site mitigation not only serve to 
implement the state’s climate stabilization goals, they also allow local communities to realize the 
important co-benefits of GHG reduction, including a reduction in conventional air pollutants 
emitted from the transportation sector. (AR 1026:55155 [Scoping Plan at p. 102].) 
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County to mitigate the majority of their GHG emissions through the purchase of carbon offsets. 



(AR 16:13350.)  While offsets can be an effective part of a successful overall mitigation strategy, 



a GHG reduction program that relies on offsets should only be turned to after on-site reduction 



and measures to reduce vehicle use are implemented.  (General Plan Guidelines at p. 231.)  Here, 



the County does not require any minimum amount of on-site reduction and does not implement 



other methods of reducing vehicle miles traveled, such as siting development projects close to 



urban centers and transit, as instructed by the State’s climate stabilization policies (AR 16:13350) 



and as suggested by commenters on the draft EIR (AR 22:18452, 18470).12  Because SB 375 



instructs that GHG reductions are to result from land use development and transportation patterns, 



offsets cannot be used to achieve the regional goals under SB 375.  (Gov. Code § 65080 



(b)(2)(B).) 



 Additionally, because the Offset Provision applies to general plan amendment projects, it 



could allow the County to avoid mitigating vehicle emissions from the projects that are most 



likely to lead to increases in vehicle miles traveled.  (AR 32:22068.)  General plan amendment 



developments are generally large-scale projects that exceed density requirements outlined in the 



general plan and are often located in rural areas with more open space.  (AR 22:18417, 18432-



18433.)  By their very nature, general plan amendment developments increase vehicle miles 



traveled because residents or visitors to these developments need to drive longer and farther 



distances to get to or from urban centers.13  By allowing rural development to be mitigated largely 



with offsets, rather than requiring development to be sited closer to urban centers, the Offset 



                                                           
12 In the Offset Provision “feasible” is not defined, and is to be determined entirely at the 



County planning director’s sole discretion, in the absence of any objective criteria.  (AR 
16:13350.) As a result, the County has not developed a mechanism to ensure that onsite 
mitigation will actually occur.  This is demonstrated by the fact that currently approved general 
plan amendment projects that rely on the Offset Provision in the EIR result in little on-site 
mitigation actually being required by the County.  For example, the approved Newland Sierra 
project mitigates a full 82 percent of its emissions with offsets.  (AR 22:18678.) 



13 For example, the Harmony Grove Village South project, which was recently approved 
by the County and required a general plan amendment, will increase vehicle miles traveled by 
11.5 million miles annually.  (ROA 89 in Case No. 37-2018-013324, at p. 76 [Harmony Grove 
Village South Draft Final Environmental Impact Report at p. 2.7-25].)  Similarly, the Newland 
Sierra general plan amendment project will increase vehicle use by 294,804 miles daily.  (Id. at p. 
204 [Greenhouse Gas Emissions Technical Report for the Newland Sierra Project (June 2018), p. 
2.7-38].) 
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Provision foreseeably generates increases in vehicle miles traveled, and a resulting inconsistency  



with state climate laws and policies, such as SB 375, that are designed to reduce GHG emissions 



through reducing vehicle use. 



The Offset Provision also reflects a larger misunderstanding of the purpose behind state 



climate policy.  California’s climate policies and statutes, such as AB 32, SB 32, the Scoping Plan 



and SB 375, are designed to achieve long-term climate stabilization that continues far beyond the 



deadlines of the emissions targets they impose.  ((AR1026:55038 [Scoping Plan at p. ES 3].)  



Creating more compact, sustainable land use patterns aimed at reducing vehicle use is consistent 



with this goal.  Vehicle use can exacerbate GHG emissions beyond what is emitted from tailpipes 



by encouraging roadbuilding and land use development policies designed to accommodate 



drivers.  (National Center for Sustainable Transportation, Cutting Greenhouse Gas Emissions Is 



Only the Beginning: A Literature Review of the Co-Benefits of Reducing Vehicle Miles Traveled 



(March 2017) p. 5 (hereafter “NCST Literature Review”), available at 



https://ncst.ucdavis.edu/wp-content/uploads/2017/03/NCST-VMT-Co-Benefits-White-



Paper_Fang_March-2017.pdf.)  Offsets, which achieve a one-time reduction in emissions, cannot 



address these structural, long-term harms.  In contrast, policies that prioritize compact land use 



development can create healthy communities that perpetuate GHG reductions and other co-



benefits well beyond the life of the project.  (NCST Literature Review at pp. 2-5, 9, 11.)  The 



County’s reliance on offsets is fundamentally short sighted: it seeks to meet SB 32’s 2030 



emissions targets without considering how the Offset Provision will increase vehicle use and 



generate additional GHG emissions of the region long into the future.14  Under the revised CAP,  



vehicle miles traveled in the County will foreseeably increase, an outcome inconsistent with the 



Scoping Plan and SB 375. 



                                                           
14 The revised CAP and EIR also do very little to reduce vehicle miles traveled, even 



when adopting measures designed to do so.  (AR 29:21658.)  For example, Measures T-2.2 and 
T-2.3 of the revised CAP both purport to reduce vehicle miles traveled, but only from non-
residential development and from County employee commutes, even though these sources are 
responsible for a very small amount of overall transportation emissions.  (AR 29:21661-21664.)   





https://ncst.ucdavis.edu/wp-content/uploads/2017/03/NCST-VMT-Co-Benefits-White-Paper_Fang_March-2017.pdf


https://ncst.ucdavis.edu/wp-content/uploads/2017/03/NCST-VMT-Co-Benefits-White-Paper_Fang_March-2017.pdf
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B. The Revised CAP and EIR Cannot Serve as Streamlining Documents 
Under CEQA  



 The County states specifically that the revised CAP and EIR have complied with all the 



requirements needed to serve as adequate streamlining documents for future projects, including 



future general plan amendment projects.  (AR 32:22068.)  Additionally, the County allows future 



general plan amendment projects to streamline from the Offset Provision in the EIR, permitting 



them to reduce their GHG emissions below levels of significance if they comply with the Offset 



Provision.  (AR 16:13552.)  Because the Revised CAP and EIR fall short of the CEQA 



Guidelines requirements for streamlining, the County’s assertion that they serve this purpose is 



incorrect.  Program-level environmental documents must identify and analyze all foreseeable 



significant impacts before project-level documents can incorporate their analysis.  (CEQA 



Guidelines, § 15152, subd. (b).)  Here, the EIR does not identify or analyze the Offset Provision’s 



inconsistency with the Scoping Plan and SB 375 that results from expected increases in vehicle 



miles traveled.  (AR 16:13550-13553.)  As a consequence, the public has not been adequately 



informed about how developing San Diego County’s rural open space will impact SANDAG’s 



ability to meet its regional targets under SB 375.  Because achieving SB 375 targets is part of the 



state’s strategy to meet state climate targets, and because SB 375 anticipates that regional plans, 



such as the strategy adopted by SANDAG, will result in coordinated and balanced transportation 



planning, it is important for local agencies to evaluate the consistency of their actions, including 



approval of individual land use development projects, with the ability of regional planning 



organizations to meet their assigned GHG emissions reduction targets under SB 375.  The EIR 



fails to consider feasible measures that would reduce vehicle miles traveled, consistent with state 



policies.  (Pub. Resources Code, § 21002; CEQA Guidelines, §. 15126.4.)  Numerous 



commenters identified an array of feasible measures that would reduce vehicle miles traveled, 



including siting requirements that require general plan amendment projects to be located near 



urban centers or transit.  (See, e.g. AR 22:18452, 18470.)  Additional examples of policies that 



can reduce vehicle miles traveled can be found in both the Scoping Plan and the General Plan 



Guidelines, yet the EIR does not consider these measures.  (See Scoping Plan, Appendix B; 
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General Plan Guidelines, Appendix A.)  Absent this analysis and mitigation, the EIR’s discussion 



is inadequate to streamline project-level environmental review, and the CEQA Guidelines 



prohibit incorporating the EIR’s GHG analysis into later project-level EIRs. (See CEQA 



Guidelines, §§ 15152, subd. (b), 15183.5, subd. (b)(1)(F).)   



 The revised CAP does not meet the standards set out in the CEQA Guidelines for GHG 



reduction plans intended to streamline environmental review.  (CEQA Guidelines, § 15183.5, 



subd. (b).)  The CEQA Guidelines specify that, among other elements, a GHG reduction plan 



must “[q]uantify greenhouse gas emissions, both existing and projected over a specified time 



period, resulting from activities within a defined geographic area.”  (Id. at § 15183.5, subd. 



(b)(1)(B).)  However, the revised CAP does not include pending or future GHG emissions from 



general plan amendment developments – emissions that the County acknowledges as foreseeable 



– in its GHG emissions projections for 2020, 2030, or 2050.  (AR 29:21639.)  Streamlining GHG 



reduction plans must also “specify measures or a group of measures that substantial evidence 



demonstrates, if implemented on a project-by-project basis, would collectively achieve the 



specified emissions level.”  (CEQA Guidelines, § 15183.5, subd. (b)(1)(D).)  The revised CAP 



similarly falls short of this standard.  The EIR states that the revised CAP’s GHG reduction 



measures are estimated to achieve exactly the amount of GHG reductions needed to reduce the 



County’s GHG impacts below significance for 2030, meaning that every one of the measures 



must accomplish its stated GHG reductions or else the County will fall short of its 2030 target.  



(AR 16:13555.)  However, many of the CAP measures are not enforceable.  For example, 



Strategy T-4.1, Establish a Local Direct Investment Program, purports to reduce 174,460 metric 



tons of CO2 by 2030 even though the approval, funding, and implementation of the investment 



projects are all deferred to a later time, and that approval is not guaranteed.  (AR 29:21682.)  



Instead, the County could have proposed investment projects directly in the revised CAP, 



described how many GHG emissions each project would be required to produce and set a 



deadline for project completion.  The County’s failure to include such detail shows it cannot 



demonstrate with substantial evidence that the revised CAP is adequate mitigation for the GHG 



impacts of the General Plan Update.  The CAP does not satisfy the requirements of CEQA 
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Guidelines section 15183.5, and ultimately the revised CAP cannot serve as a streamlining 



document under CEQA. 15   



CONCLUSION 



  In sum, the revised CAP and EIR are deficient as streamlining documents under CEQA.  



The revised CAP does not include the GHG emissions from foreseeable future general plan 



amendment projects in their GHG emissions projections, and does not include measures that will 



demonstrably reduce GHG emissions from the County’s General Plan Update to levels of 



insignificance.  In addition, the EIR violates CEQA because the EIR does not analyze the 



reasonably foreseeable indirect impacts caused by the revised CAP’s mitigation measure, the 



Offset Provision.  Specifically, the EIR fails to analyze the Offset Provision’s inconsistency with 



statewide GHG emissions reductions goals and regional GHG emissions reduction plans, and the 



EIR does not consider feasible measures that would reduce GHG emissions in a manner 



consistent with these goals and plans.  For these reasons, the Attorney General requests that the 



Court vacate and set aside the County’s approval of the revised CAP and the EIR. 
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15 In addition, because the revised CAP does not provide substantial evidence that its 



measures will achieve the claimed emission reductions, the County has not complied with CEQA 
because it fails to reduce the General Plan Update’s impacts below levels of significance.  (CEQA 
Guidelines, § 15064.7.) 
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INTRODUCTION 



1. Petitioner Sierra Club ("Petitioner" or "Sierra Club") files this Third Supplemental 



Petition for Writ of Mandate seeking a Writ of Mandate to the County of San Diego to fully 



comply with the California Environmental Quality Act ("CEQA"), Health and Safety Code 



sections 21000, et seq., and the Writ of Mandate issued by this Court on May 4, 2015. This 



Court's Writ followed remand after the Court of Appeal's opinion in Sierra Club v. County of 



San Diego (2014) 231 Cal.App.4th 1152 affirmed this Court's ruling that the County's previous 



CAP was not adopted in the manner required by law in that it "fail[ed] to incorporate mitigation 



measures into the CAP as required by Public Resources Code section 21081.6." (Id. at 1167- 



68.) The Writ commanded the County to set aside its Climate Action Plan adopted in June 



2012, to prepare a new Climate Action Plan ("CAP") (hereinafter "Revised CAP"), and to 



comply fully with CEQA and any and all other applicable laws. 



2. On February 14, 2018, the County adopted a Revised CAP. The County has failed 



to comply with this Court's Writ, in that the Revised CAP does not contain additional (in excess 



of what would happen absent the activity to create offsets) and fully enforceable measures to 



mitigate the significant adverse effects on the environment of the County's adoption of the 2011 



General Plan Update ("GPU"), and has failed to carry out Mitigation Measure CC-1.2 set out in 



the Program Environmental Impact Report (PEIR) for the GPU. Mitigation Measure CC-1.2 



required the adoption by the County of a CAP that would achieve specified reductions in the 



emissions of greenhouse gases ("GHGs") from County operations and community emissions in 



the County by the year 2020. The Revised CAP fails to satisfy Mitigation Measure CC-1.2 in 



that it contains almost no enforceable measures to reduce GHG emissions, and will not reduce 



such emissions by 2030 to levels specified in state law. (Health and Safety Code sections 



38550, 38566.) The County adopted a CAP that relies, among other things, on "County 



initiatives" to reduce GHG emissions that are unenforceable and unfunded. Further, despite the 



requirement in the GPU that GHG emissions reductions be made within the County (Mitigation 



Measure CC-1.2), the County adopted a CAP that allows GHG emissions within the County to 
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rise, if they are purportedly compensated for ("offset") by GHG emissions reductions outside th 



County, outside the state of California, and even on other continents. 



3. Although transportation is responsible for about 45% of the GHG emissions in the 



County, the CAP does not commit to use the County's plenary land use authority over 



approximately 82% of the land within San Diego County to restrain the expansion of urban 



sprawl into the unincorporated rural and "back-country" areas to reduce the growth in driving 



(called "vehicle miles traveled," or "VMT") and its attendant GHG emissions. This is 



inconsistent with the County's General Plan, including, for example, the Conservation and Open 



Space Element, which encourages and supports land use development patterns and 



transportation choices that reduce pollutants and greenhouse gases. The ER fails to analyze thi 



inconsistency. Nor is the CAP consistent with the GHG reduction provisions of the region-wide 



Regional Transportation Plan and Sustainable Communities Strategy prepared by the San Diego 



Association of Governments ("SANDAG"), which is designed to reduce GHG emissions 



associated with driving. 



4. On February 14, 2018, the County also adopted a new Threshold ("New 



Threshold") for determining the significance under CEQA of the GHG emissions caused by new 



residential development projects that require General Plan Amendments ("GPAs"), i.e., new 



projects that exceed the land use designation and/or intensity allowed in the GPU, and thus 



require the GPU to be amended before such a new project may qualify for a permit. This 



Threshold requires such projects to incorporate onsite GHG reductions measures from a County-



adopted Checklist, but then allows such projects to mitigate the climate impacts of their 



remaining GHG emissions by obtaining offsite GHG emissions offsets. These offsets need not 



be obtained in San Diego County, as the GPU provides, but may be obtained anywhere in the 



world. Verification of the amount and the efficacy of these offsets need be shown only "to the 



satisfaction" of the Director of Planning and Development. 



5. Obtaining offsets outside of San Diego County not only violates Mitigation 



Measure CC-1.2, which requires in-County GHG reductions, but also has other environmental 



impacts. Local offset projects would reduce co-pollutants and improve local air quality. 
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Further, new residential GPA development projects in the unincorporated County, and 



especially in the rural and back country areas, would generate added emissions of conventional 



air pollutants from new driving to and from these relatively remote locations, and the new 



development may lead to additional development in these areas, causing increased transportatio 



and air pollutant emissions. While the lifespan of such residential developments is presumed in 



the CAP to be 30 years, any roads built or expanded to service these developments could 



continue to encourage and accommodate driving, and its attendant GHG and conventional air 



pollutant emissions, far beyond that time. Burdens from the County's failure to reduce GHG 



emissions by its fair share will cause at least incremental increases in the impacts of climate 



destabilization, including but not limited to drought, incidence of wildfires, and increase in 



conventional air pollutants, and from the cost of additional imported or recycled potable water, 



will also fall most heavily on poor communities and ethnic minorities. 



6. The New Threshold allows and accommodates new development that exceeds the 



designation and intensity of land use set out in the GPU. Such new development may cause a 



significant adverse effect on the environment, caused by added demand for urban services, 



including roadway capacity, added GHG and conventional air pollutant emissions, and added 



water use that could require GHG-intensive importation of potable water from outside San 



Diego County or the production of additional potable water inside the County. Despite CEQA's 



mandate that an environmental assessment be performed of any project carried out or approved 



by a public agency that may harm the environment, the County did not perform such an analysis 



prior to its adoption of the New Threshold and Checklist. This violated both the express 



provisions of CEQA, and also its core purposes of ensuring that governmental decisions are 



made with environmental consequences in mind, inviting and including the public in all such 



decisions, and ensuring that any significant environmental harm is mitigated. (Public Resources 



Code sections 21000(g), 21002.1, 21002, 21003.) 



7. The Sierra Club and other environmental groups submitted comments to the 



County and appeared to testify at public hearings before the County to urge the County to adopt 



a Revised CAP and New Thresholds that would be consistent with the GPU and would comply 
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with CEQA, rather than the CAP and Threshold it did adopt, and to offer feasible measures to 



reduce GHG emissions. The comments were fruitless. 



JURISDICTION 



8. 	This Court has jurisdiction over the writ action under Code of Civil Procedure 



sections 1085 and 194.5, et seq., and under sections 21168 and 21168.5 of the Public Resources 



Code. 



9. In addition, in its previous rulings in this case and its Writ issued on May 4, 2015, 



and pursuant to Public Resources Code section 21168.9(b), this Court retains jurisdiction over 



San Diego County until this Court determines that the County has fidly complied with CEQA 



and all other applicable laws as to its CAP and Thresholds of Significance. 



PARTIES 



10. Petitioner Sierra Club is a national nonprofit organization with more than 600,000 



members nationwide, including almost 150,000 members in California, and approximately 



12,000 members in San Diego and Imperial Counties. 



11. The Sierra Club is dedicated to: exploring, enjoying, protecting, and preserving fo 



future generations the wild place of the earth; practicing and promoting the responsible use of 



the earth's ecosystems and resources; educating and enlisting humanity to protect and restore the 



quality of the natural and human environment; and using all lawful means to carry out these 



objectives. The Sierra Club's concerns encompass climate stabilization, coastal issues, land use, 



transportation, wildlife and habitat preservation, and use and protection of public parks and 



recreation. The interests that this Petitioner seeks to further in this action are within the 



purposes and goals of the organization. Petitioner and its members have a direct and beneficial 



interest in the County's compliance with CEQA, with the measures in its own General Plan 



Update, and with the Judgment and Writ of this Court. The maintenance and prosecution of this 



action will confer a substantial benefit on the public by protecting the public from the 



environmental and other harms alleged herein, including but not limited to requiring informed 



and publicly transparent decision-making by the County. 
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12. The County of San Diego is a public agency under Section 21063 of the Public 



Resources Code. The County is authorized and required by law to hold public hearings, to 



determine adequacy of and certify environmental documents prepared pursuant to CEQA, and to 



take other actions in connection with the approval of projects within its jurisdiction. 



BACKGROUND AND STATEMENT OF FACTS 



13. On August 3, 2011, the County adopted a General Plan Update ("GPU"), in which 



the County committed to preparing a climate change action plan with detailed greenhouse gas 



("GHG") emissions reduction targets and deadlines and" 'comprehensive and enforceable GHG 



emissions reduction measures that will achieve' specified quantities of GHG reductions." 



(Sierra Club, supra, 231 Cal.App.4th at 1156. The GPU adopted by the County in 2011 



committed to achieving a reduction in GHG emissions to the level that existed in 1990 by 2020, 



pursuant to the Legislature's command in Health and Safety Code section 38550 (often referred 



to as "AB 32"). Since that time, the Legislature has acted to require a reduction in GHG 



emissions to 30% below the 1990 level by 2030. (Health and Safety Code section 38566 [often 



referred to as "SB 32"].) 



14. As mitigation for the harm to the climate from GHG emissions that would be 



caused by the GPU, the County adopted Mitigation Measure CC-1.2, which "requires the 



preparation of a County Climate Change Action Plan." (Sierra Club, supra, 231 Cal.App.4th at 



1159.) On June 20, 2012, the County adopted a CAP and Thresholds for determining the 



significance for CEQA purposes of GHG emissions, as well as an Addendum to the General 



Plan Update EIR. 



15. On July 20, 2012, the Sierra Club filed the original Petition for Writ of Mandate in 



this case, challenging the County's CAP and Thresholds, alleging that the County had not 



followed the procedures required by law, and had not conformed to Mitigation Measure CC-1.2 



in the GPU. 



16. On April 19, 2013, this Court ruled in favor of the Sierra Club, concluding that the 



CAP was not properly adopted and violated CEQA. It did not rule on the validity of the 



Thresholds of Significance, since that was unnecessary in view of its invalidation of the CAP. 
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This Court entered Judgment and issued a Writ of Mandate on April 24, 2013. The County 



promptly appealed. 



17. In November of 2013, while the County's appeal of this Court's ruling was 



pending, the County Director of Planning and Development Services released Staff-developed 



Thresholds of Significance. 



18. On February 18, 2014, the Sierra Club filed a Supplemental Petition for Writ of 



Mandate challenging the Staff-developed Thresholds of Significance, and asking this Court to 



set them aside until and unless the County complied with the Judgment and Writ. The parties 



later stipulated to the rescission of the Thresholds, and the County Board of Supervisors 



rescinded them on April 8, 2015. 



19. On October 29, 2014, the Court of Appeal affirmed this Court's ruling. In its 



opinion, the Court of Appeal stated: "By failing to consider environmental impacts of the CAP 



and Thresholds project, the County effectively abdicated its responsibility to meaningfully 



consider public comments and incorporate mitigation conditions." (Sierra Club, supra, 231 



Cal.App.4th at 1173.) 



20. On May 4, 2015, this Court issued a Supplemental Writ of Mandate ordering the 



County to set aside the CAP, findings, and 2013 Thresholds. The County was also ordered to 



file in its initial Return to the Writ an estimated schedule for preparing a Revised CAP and New 



Thresholds, and for complying with CEQA with regard to those actions. The County filed an 



initial Return detailing the rescission of the 2013 CAP and Thresholds, and projecting adoption 



of the CAP and EIR in "Spring 2016-Winter 2017," without mention of the Thresholds. The 



County filed further Returns detailing its very dilatory progress. 



21. On July 29, 2016, the Director of Planning and Develoment Services issued the 



"2016 Climate Change Analysis Guidance," over the written protest of the Sierra Club. 



22. In August 2017, the County released a draft Environmental Impact Report (EIR) 



for a Revised CAP and opened a public comment period on the Revised CAP and the Draft 



Supplemental EIR. The Sierra Club submitted comment letters detailing the defects of the 



Revised CAP on September 25, 2017 (letter to the County's Planning and Development 
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Services), on January 16, 2018 (letter to the Planning Commission and the Board of 



Supervisors), and February 12, 2018 (letter to the Board of Supervisors), raising all issues 



complained on in this Petition. 



23. On February 14, 2018, the County Board of Supervisors considered the Revised 



CAP and its Final Supplemental EIR, along with other documents related to the Revised CAP. 



These included Guidelines for Determining Significance — Climate Change ("Significance 



Guidelines") and its associated Threshold of Significance ("New Threshold"), which would 



allow a project's GHG emissions to be found insignificant for CEQA purposes if the project's 



land use designation and intensity were consistent with the GPU and CAP, without necessarily 



quantifying the project's GHG emissions and making their total public, and obviating any 



requirement by the County to mitigate those emissions. 



24. The Guidelines also would allow a project that requested General Plan amendment 



("GPA projects") to be found consistent with the CAP if it incorporated design features in a 



Checklist also included in those Guidelines. GHG emissions that were not prevented by 



incorporation of these design features could be deemed insignificant for CEQA purposes if the 



applicant obtained GHG offsets according to a geographic priority list. The priority list requires 



GHG offsets within the unincorporated County to be sought first, but if none were available, 



such offsets could be sought in the County as a whole, then anywhere in the State of California, 



then anywhere in the United States, then anywhere in the world. Further, the County Director o 



Planning and Development Services is empowered to deem GHG offsets to be unavailable in 



any geographic tier if they are not economically "feasible" to obtain, with such infeasibility to 



be shown "to the satisfaction" of the Director. No standards for determining such infeasibility 



are provided. The Director might be free to determine that offsets in California are 



economically infeasible if cheaper offsets could be obtained somewhere in Africa or Asia. 



25. The Supplemental HR states that virtually no GHG offsets are now available in 



San Diego County (FE1R, p. 8-53), thus ensuring that applicants for GPA projects will seek suc 



offsets outside the County, and probably outside the United States, where Petitioner is informed 



and believes they are the least expensive, but are also very difficult to verify and enforce. 
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26. Notwithstanding the Sierra Club's comments and those of other environmental an 



community groups, on February 14, 2018, as set above, the Board of Supervisors adopted the 



Revised CAP and its Mitigation Measure M-GHG-1, together with associated documents, 



including the Mitigation Monitoring and Reporting Program. The Board of Supervisors also 



certified the final EIR on the Revised CAP and adopted the Significance Guidelines, New 



Threshold, the Climate Action Plan Consistency Review Checklist ("Checklist"), and 



amendments to the GPU that removed deadlines and made other changes to Mitigation Measure 



CC-1.2. 



27. Petitioner has a beneficial right to, and a beneficial interest in, Respondent's 



fulfillment of all its legal duties, as alleged herein. 



28. Petitioner has no plain, speedy, or adequate remedy at law. Unless this Court 



enjoins and sets aside its action, the County will approve projects with climate change impacts 



without an adequate, science-based environmental analysis of those impacts, and without 



adequate, science-based mitigation for those impacts. The climate-altering GHG emissions 



from these and future such projects, emissions that will remain in the atmosphere and destabilize 



the climate for decades or centuries, will have lasting and adverse effects on the climate, to the 



detriment of all residents of San Diego County and the State of California. 



29. A valid, science-supported assessment under CEQA of the Guidelines, Threshold, 



and Checklist is necessary to ensure that the effects of GHG emissions are properly evaluated 



and mitigated, and to comply with the commitments the County made in the 2011 General Plan 



Update. 



30. The County is currently processing projects that would requirement amendments 



to the GPU in order to allow large commercial or residential development on lands that are not 



currently designated for such intensive use. This includes, but is not limited to, lands designated 



as open space, semi-rural, agricultural, and village residential (hereafter referred to as 



"greenfields"). (A chart of such proposed GPA projects was attached as Exhibit B to the Secon 



Supplemental Petition for Writ of Mandate in this case.) 
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31. Failing to enjoin the County actions complained of herein will result in the need 



for individual lawsuits challenging the approval of each such greenfield project, which would 



not be an efficient use of judicial resources, and would require a significantly larger 



commitment of resources by Petitioner Sierra Club and other parties who want to ensure that the 



County will meet its commitment to achieve the GHG emissions reductions required by AB 32 



and SB 32, and will not contribute to further climate destabilization. 



FIRST CAUSE OF ACTION  
For Violation of Judgment 



(Cal. Code of Civ.Pro. § 1085; Cal. Pub. Res. Code § 21168.5) 



32. All prior paragraphs are fully incorporated by reference here. 



33. The County has a mandatory and ministerial duty to comply with the terms of this 



Court's April 24, 2013, and May 4, 2015 judgments and writs in this case, including the 



directive that the County comply fully with CEQA. 



34. Petitioner is entitled to a further supplemental writ of mandate requiring the 



County to set aside the offending portions of the Revised CAP, Supplemental EIR and 



associated documents of approval, to revoke and set aside the approval of the Guidelines, 



Threshold of Significance, and Checklist, and to revoke and set aside the General Plan 



Amendments, all as approved on February 14, 2018, unless and until the County has fully 



complied with the judgments of this Court and with CEQA. This compliance includes 



completing and adopting a legally adequate CAP, completing and certifying a legally adequate 



EIR and associated documents, and adopting legally adequate Guidelines and Threshold(s) of 



Significance. 



35. The County has failed to prepare and adopt a legally adequate CAP in that it relies 



for a significant portion of its projected GHG emissions reductions on the obtaining of offsets, 



which will likely be chiefly obtained from outside the County. The CAP allows offsets to be 



bought. Private market entities, commonly called offset "registries," purport to record and list 



programs or projects to reduce GHG emissions, supposedly verified, and which are not required 



THIRD SUPPLEMENTAL PETITION FOR WRIT OF MANDAT 



10 











by other laws or regulations, but are to be carried out for the purpose of creating offsets. The 



registries then facilitate the sale of such GHG emissions reductions to businesses, government 



agencies, environmental groups, or other entities who wish to use the offsets to meet permit or 



other legal requirements to reduce their own GHG emissions. The CAP allows offsets to be 



identified by these private market registries if they merely demonstrate their purported 



competence "to the satisfaction" of the County's Director of Planning and Development 



Services ("Director"). No criteria are specified for the Director's "satisfaction." 



36. The use of such offsets as mitigation for increases in GHG emissions from 



projects or activities under the CAP violates CEQA's requirement that mitigation measures be 



additional to any other legal requirement or existing program, and be fully enforceable (CEQA 



Guidelines, §§ 15126.4(a) and (c), 15183.5(b)(1)(D)), in that there is no substantial evidence 



that the out-of-County offsets allowed by the CAP will meet those criteria, or that the private 



registries recognized by the Director will list offsets that meet these criteria. 



37. The County has violated CEQA by failing to provide full and legally adequate 



mitigation for the GHG impacts of the GPU. Although they were purportedly prepared to 



mitigate the GHG emissions impacts of the GPU, pursuant to GPU Mitigation Measure CC-1.2, 



the Revised CAP and the Supplemental EIR expressly deny that the CAP is such mitigation. 



Master Response to Comments number 13 in the final EIR for the Revised CAP states that: 



"[T]he CAP's GHG reduction measures themselves are not specifically 'mitigation measures' as 



defined under CEQA, nor are they specifically identified as mitigation in either the 2011 GPU 



PE1R or the Draft SEIR for the CAP." (FSEIR, p. 8-53.) As a result, the GPU lacks mitigation 



for its GEIG emissions impacts on climate destabilization, in violation of CEQA. (Pub. Res. 



Code §§ 21002, 21081; CEQA Guidelines § 15091.) 



38. The County has violated CEQA in that Measure T-4.1 of the CAP, a County 



initiative to invest in programs and projects that will result in GHG reductions, does not 



conform to CEQA's requirement that mitigation measures be fully enforceable, and the 



County's claims for its enormous level of GHG emissions reductions are not supported by 



substantial evidence. The T-4.1 measure, which is denominated a "County initiative" and not a 



THIRD SUPPLEMENTAL PETITION FOR WRIT OF MANDAT 



11 











I 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



regulation or ordinance, would require the County to identify programs and individual projects 



that have the potential to reduce GHG emissions, and to select and invest in a sufficient number  



of such programs and projects to achieve nearly half the total of GHG emissions reductions that 



the CAP states the County must achieve. The CAP gives as examples of such programs and 



projects the retrofitting of houses with solar panels, the stocking of the County's own vehicle 



fleet with non-carbon dioxide-emitting vehicles, and the application of soil enhancers to 



agricultural land to increase the growth and spread of carbon dioxide-sequestering vegetation. 



However, neither the Revised CAP nor the Supplemental EIR commits the County to the 



selection of any of these programs or projects, and contains no deadlines or milestones for 



funding or carrying out any of them. In fact, shortly before adoption of the CAP, County staff 



stated that they were still performing feasibility studies to determine the cost and cost-



effectiveness of possible T-4.1 programs and projects, but gave no definite date for their 



completion. Such studies, which should have been completed before the CAP was proposed for 



adoption, show that the County is still uncertain as to what T-4.1 programs and/or projects will 



be selected, and what criteria will be used to select them. In short, T-4.1 is uncertain and 



unenforceable, in violation of CEQA Guidelines § 15126.4(a)(2). 



39. Measure T-4 also violates CEQA in that it defers the selection by the County of 



any of the potential GHG-reducing programs and projects to an unspecified future time and 



provides no criteria or performance standards for their success, in derogation of CEQA 



Guidelines § 15126.4(a)(1)(B). Without deadlines for the implementation of projects, or criteria 



for their success, the County lacks substantial evidence that Measure T-4.1 will actually 



decrease GHG emissions, or to what degree. This violates CEQA's requirements for mitigation. 



40. The BIB, is a document of public accountability. (Laurel Heights Improvement 



Assn. v. Regents of the University of California (1988) 47 Ca1.3d 376, 392.) This ER fails that 



crucial role. The General Plan's Mitigation Measure CC-1.2 requires a CAP that reduces the 
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GHG emissions from County operations by 17% (totaling 23, 572 MTCO2e 1 ) and from 



community activities in the unincorporated County by 9%, measuring from their 2006 levels to 



the 2020 levels expected to be achieved by the CAP. However, the EIR does not make clear 



whether such in-County reductions will actually occur. The combination of allowing the use of 



out-of-County GHG emissions offsets, together with the reliance on T-4 County investments 



whose identity, efficacy, and completion dates are not specified, makes it impossible to 



determine whether the CAP will achieve the amounts of GHG emissions reductions within the 



County that the GPU promised, or whether the bulk of those emissions reductions — assuming 



they occur at all — will occur outside the County. This is crucial information for both decision-



makers and the public, both because the public needs to know whether the County has kept its 



commitments in the GPU, and because, as alleged above, in-County GHG reductions will often 



come with co-benefits such as reduced emissions of conventional health-damaging pollutants, or 



the creation of jobs to carry out GHG reduction programs, such as installing solar panels on 



rooftops. The public is entitled to know whether the County has chosen an approach to GHG 



reduction whose co-benefits will be felt in the County, or whether those co-benefits will be 



enjoyed by other areas. 



41. Further, where mitigation measures may have significant environmental impacts 



of their own CEQA requires that those impacts must also be analyzed and disclosed. (CEQA 



Guidelines § 15126.4(a)(1)(D).) The County has violated CEQA by failing to make such an 



analysis and disclosure here. 



I  "MTCO2e," or "metric tons of carbon dioxide equivalent," is a commonly used measurement for GHG 
emissions. The climate-destabilizing strength of different GHGs differs widely. To simplify matters, 
their amounts are usually presented based on a comparison of their climate-destabilizing power to the 
climate-destabilizing power of carbon dioxide (CO2), the most prevalent OHO. One ton of carbon 
dioxide emissions is represented as 1 MTCO2e. However, since methane is about 20 times more 
powerful at climate destabilization as carbon dioxide, one ton of methane is represented as if it were an 
equivalent amount of carbon dioxide, or 20 MTCO2e, with the "e" standing for "equivalent." The 
metric scale is used to measure these amounts so that discussions of GHG emissions worldwide will all 
be in the same measurement unit. 
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42. CEQA requires that an FIR "shall discuss any inconsistencies between the 



proposed project and applicable general plans, specific plans, and regional plans." (CEQA 



Guidelines § 15125(d); emphasis added.) The EIR violates CEQA by failing to analyze and 



discuss the consistency of the Revised CAP, and the Guidelines and New Threshold adopted 



with it, on the Regional Transportation Plan and Sustainable Communities Strategy 



("RTP/SCS") prepared by SANDAG under Government Code §§ 65080, et seq. (commonly 



referred to as SB 375) for the purpose, inter alia, of using transportation funding and projects to 



support more compact land uses that reduce GHG emissions by reducing sprawl and the 



increased driving sprawl causes. 1Cleveland National Forest Foundation v. San Diego Assn of 



Governments (2017) 17 Cal.App.5th 413, 4304 The County's approval of the Guidelines and 



the New Threshold may allow the approval of large residential developments in rural areas far 



from transit, thereby increasing driving and VMT over the amounts assumed by SANDAG in its 



RTP/SCS. The County's actions foster increases in VMT, but the EIR does not present an 



analysis of this growth, or its reasonably foreseeable impacts on the SANDAG plan. 



43. SANDAG used a computer-based model to estimate the VMT to be expected in 



the future in the San Diego area. This model used assumptions as to whether growth would 



occur that were provided by local governments, including the County. However, the Guidelines 



and New Threshold may allow approval of large and significant projects that were not in the 



information contained in the SANDAG model. Yet, despite requests from SANDAG and 



others, the County did not re-run the SANDAG model using reasonable assumptions as to the 



new projects whose approval might be made possible by adoption of the Guidelines and New 



Threshold, to determine whether or not the County's action was consistent with the SANDAG 



RTP/SCS. This violated CEQA Guidelines § 15125(d). 



44. In addition to its failure to analyze and discuss the impact on the RTP/SCS that the 



County's approval of the Guidelines and New Threshold may have, the FIR also fails as an 



informational document in that it does not analyze, disclose, or mitigate potential impacts of the 



Guidelines and New Threshold on potential increased VMT in the County, or on the resultant 
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increase in emissions, both of GHGs and of conventional pollutants, or on the increased use of 



energy resources in the form of fossil fuel combustion. 



45. 	The California Supreme Court has called the mitigation and alternatives section 



"the core of an EIR." (Citizens of Goleta Valley v. Rd of Supervisors (1990) 52 Cal. 3d 553, 



564.) Here, the County did not adequately consider mitigation measures for inclusion in the 



CAP that were proposed by the Sierra Club and others. These included, for example, a shift in 



the use of parking to provide an incentive for reduced driving. The County's failure to 



adequately analyze such alternative measures and the County's rejection of such measures 



without substantial evidence violated CEQA's mandate that projects with significant impacts 



should not be approved where mitigation measures are available that would substantially lessen 



the significant environmental impacts of the projects. (Pub. Res. Code § 21002.) 



45. In addition, the County violated CEQA by failing to adequately consider alternatives, 



such as the regional-plan-based alternative approach to the exercise of its land use powers 



proposed by Petitioner Endangered Habitats League to require that in newly planned projects, a 



"fair share" of VMT reduction occur, consistent with the regional VMT reductions anticipated 



by the SANDAG RTP/SCS (about 15%), requiring that newly planning development be focused 



within SANDAG Smart Growth Opportunity Areas, and requiring that a minimum percent of 



newly planned project GHG emission reductions occur on-site. 



46. The EIR violates CEQA by making inadequate and dismissive responses to 



comments from the public and from other governmental agencies. An example is the County's 



response to comments questioning the analysis of the impact of the Revised CAP, the 



Guidelines, and the New Threshold of Significance on the SANDAG RTP/SCS. The EIR 



evasively responds that it is SANDAG's responsibility to ensure that the region complies with 



SB 375 through the RTP/SCS, "though it is acknowledged that the County is one of many 



agencies that comprise the region in helping SANDAG achieve this goal." (FUR, p. 8-15.) The 



response ignores the fact that the RTP/SCS is based on land uses prescribed by local 



jurisdictions that establish the development patterns that are permitted, and SANDAG has no 



authority to alter these land uses. The County's response also ignores the elephant-in-the-room 
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fact that the County is such a jurisdiction, having plenary land use authority over 82% of the 



County's land and, presumably, responsibility for "helping SANDAG" that is proportional to 



that degree of land use power and authority. An agency must provide "good faith, reasoned 



analysis" in response to comments on an E1R, per CEQA Guidelines § 15088(c). Here, the 



County has failed to make such a good faith, reasoned analysis of how its use of its land use 



power, and its adoption of the Revised CAP, the Guidelines, and the New Threshold of 



Significance, will "help" or harm SANDAG carry out the RTP/SCS. This violates CEQA. 



47. Government Code § 65040.12 defines "environmental justice" as "the fair 



treatment of people of all races, cultures, and incomes with respect [as] to the development, 



adoption, implementation, and enforcement of environmental laws, regulations, and policies." 



Here, the County has chosen not to accord such fair treatment to the many minority and low-



income residents of the San Diego region. The failure of the County's Revised CAP, 



Guidelines, and New Threshold to contain enforceable strategies and measures to reduce GHG 



emissions can reasonably be expected to result in a failure of the Revised CAP to contribute San 



Diego's fair share of the GHG reductions required by AB 32 and SB 32. The consequences of 



this failure, such as increased wildfires, more severe and persistent droughts, and scarcer and 



more expensive water, will fall most heavily on environmental justice populations, just as the 



consequences of the County's permission for itself and developers to allow the purchase and use 



of GHG offsets to other geographic areas will deprive local environmental justice populations o 



the co-benefits (jobs, reduced conventional air pollutant emissions from driving) of those 



offsets. The HR does not provide a full analysis and disclosure of these impacts on particularly 



vulnerable populations, in violation of CEQA's mandate of full public disclosure. 



48. In each of the respects enumerated above, Respondent County of San Diego has 



violated its duties under the law, abused its discretion, failed to proceed in the manner required 



by law, and decided the matters complained of without the support of substantial evidence, all in 



violation of CEQA. It is imperative that the County have a legally valid CAP and Threshold in 



place as soon as possible to guide new development and ensure the County is able to meet its 



GHG emission reduction targets. 
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PRAYER 



WHEREFORE, Petitioner prays for relief as follows: 



1. For an alternative and peremptory writ of mandate commanding Respondent 



County to immediately vacate and set aside its approvals of the Guidelines, Threshold, 



Checklist, and Mitigation Measure M-GHG-1 as identified in this Petition, and to refrain from 



relying upon them in any form in the processing of permits for development projects on 



unincorporated County lands; 



2. For an alternative and peremptory writ of mandate commanding the County to 



revise its Climate Action Plan within one year of the date of writ issuance so that the Climate 



Action Plan and its supporting CEQA analysis fully comply with CEQA and all other applicable 



laws, including, but not limited to, the inclusion in the Climate Action Plan of verifiable and 



fully enforceable requirements for reductions in GHG emissions to all state-mandated levels, 



and deadlines and milestones for achieving the same; 



3. For an alternative and peremptory writ of mandate commanding the County to file 



returns to the writ every 90 days detailing the progress being made to comply with CEQA; 



requiring that the County provide a list within the first 90-day period of all the mitigation 



measures recommended by members of the public or by County staff that were not incorporated 



into the Revised CAP, along with the County's evidence that those measures were either 



infeasible or would fail to achieve required emissions reductions; and within 120 days of 



issuance of the Writ, meet with Petitioners and other stakeholders to discuss adoption of 



additional mitigation measures that would achieve the emissions reduction goals set forth by the 



State; 



4. For costs of this suit; 



5. For reasonable attorneys' fees; and 



6. For such other relief as this Court deems just and proper. 
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DATE: March 16, 2018 	 Respectfully Submitted, 



CHATTEN-BROWN & CARSTENS 



By: 	Is Josh Chatten-Brown  
Josh Chatten-Brown 
Jan Chatten-Brown 
Susan L. Durbin 
Attorneys for Petitioner 
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George Courser 



VERIFICATION 



I, George Courser, declare as follows: 



I am an officer of the Sierra Club. I have read the foregoing THIRD 



SUPPLEMENTAL PETITION FOR WRIT OF MANDATE and know the contents thereof, 



and the same is true of my own knowledge. 



I declare under penalty of perjury that the foregoing is true and correct and that this 



verification was executed on the 16th day of March, 2018 at San Diego, California. 
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Hermosa Beach Office 
Phone: (310) 798-2400 
Fax: (310) 798-2402 



San Diego Office 
Phone: (858) 999-0070 
Phone: (619) 9404522 



Cr,  BC 
Chatten-Brown & Carstens LLP 



2200 Pacific Coast Highway, Suite 318 
Hermosa Beach, CA 90254 



www.cbcearthlaw.com  



Josh Chatten-Brown 
Email Address: 
ircb@cbcearthlaw.com  



Direct Dial: 
619-940-4522 



March 16, 2018 



By U.S. Mail 
California Attorney General 
600W. Broadway 1800 
San Diego, CA 92101 



Re: 	Challenge to the County of San Diego's Approval of Revised Climate 
Action Plan and Supplemental Environmental Impact Report 



Honorable Attorney General: 



Please find enclosed a copy of the Petition for Writ of Mandate filed to request the San 
Diego Superior Court order the County of San Diego to set aside the portions of the Revised 
Climate Action Plan and Supplemental Environmental Impact Report that that violate the 
California Environmental Quality Act 



This Petition is being provided pursuant to the notice provisions of the Public Resources 
Code. Please contact me if you have any questions. 



Sincerely, 



/165h Josh Clr Len-Brown 



Enclosure 
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PROOF OF SERVICE 



I am employed by Chatten-Brown & Carstens LLP in the County of Los Angeles, State 
of California. I am over the age of 18 and not a party to the within action. My business address 
is 2200 Pacific Coast Highway, Ste. 318, Herrnosa Beach, CA 90254 . On March 16, 2018, I 
served the within documents: 



LETTER TO THE CALIFORNIA ATTORNEY GENERAL REGARDING PETITION 
FOR WRIT OF MANDATE 



VIA UNITED STATES MAIL. I am readily familiar with this business' practice for 
collection and processing of correspondence for mailing with the United States Postal 
Service. On the same day that correspondence is placed for collection and mailing, it 
is deposited in the ordinary course of business with the United States Postal Service in 
a sealed envelope with postage fully prepaid. I enclosed the above-referenced 
document(s) in a sealed envelope or package addressed to the person(s) at the 
address(es) as set forth below, and following ordinary business practices I placed the 
package for collection and mailing on the date and at the place of business set forth 
above. 



I declare that I am employed in the office of a member of the bar of this court whose 
direction the service was made. I declare under penalty of perjury under the laws of the State of 
California that the above is true and correct. Executed on March 16, 2018, at Hermosa Beach, 
California 90254. 



Cynthia Kellman 



SERVICE LIST 



California Attorney General 
600 W. Broadway, #1800 
San Diego, CA 92101 
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Hermosa Beach Office 
Phone: (310) 798-2400 
Fax: (310) 798-2402 



San Diego Office 
Phone: (8513) 999-0070 
Phone: (619) 9404522 



CcBC 
Chatten-Brown & Carstens LLP 



2200 Pacific Coast Highway, Suite 318 
Hermosa Beach, CA 90254 	 Direct Dial: 



www.cbcearthlaw.com 	 619-940-4522 



Josh Chatten-Brown 
Email Address: 
ircb@cbcearthlaw.com  



March 15, 2018 



By U.S. Mail 
Ernest J. Dronenburg, Jr. 
County Clerk 
1600 Pacific Highway, Suite 260 
San Diego, CA 92101 



Re: 	Challenge to the County of San Diego's Approval of Revised Climate Action Plan 
and Supplemental Environmental Impact Report 
Sierra Club v. County Of San Diego 



Dear Mr. Dronenburg: 



Pursuant to Public Resources Code section 21167.5, please take notice Sierra Club plans 
to file a petition for writ of mandate requesting the Superior Court order the County of San 
Diego to set aside the portions of the Revised Climate Action Plan and Supplemental 
Environmental Impact Report that violate the California Environmental Quality Act. This 
petition will be filed against the County of San Diego in San Diego Superior Court, 330 West 
Broadway, San Diego, CA 92101 



Sincerely, 



Josh yip-tCen-Brown 
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PROOF OF SERVICE 



I am employed by Chatten-Brown & Carstens LLP in the County of Los Angeles, State 
of California. I am over the age of 18 and not a party to the within action. My business address 
is 2200 Pacific Coast Highway, Ste. 318, Hermosa Beach, CA 90254. On March 15, 2018,1 
served the within documents: 



LETTER TO THE CLERK OF THE COUNTY OF SAN DIEGO 



VIA UNITED STATES MAIL. I am readily familiar with this business' practice for 
collection and processing of correspondence for mailing with the United States Postal 
Service. On the same day that correspondence is placed for collection and mailing, it 
is deposited in the ordinary course of business with the United States Postal Service in 
a sealed envelope with postage fully prepaid. I enclosed the above-referenced 
document(s) in a sealed envelope or package addressed to the person(s) at the 
address(es) as set forth below, and following ordinary business practices I placed the 
package for collection and mailing on the date and at the place of business set forth 
above. 



I declare that I am employed in the office of a member of the bar of this court whose 
direction the service was made. I declare under penalty of perjury under the laws of the State of 
California that the above is true and correct. Executed on March 15, 2018, at Hermosa Beach, 
California 90254. 



Cynthia Kelhnan 



SERVICE LIST 



Ernest J. Dronenburg, Jr. 
County Clerk 
1600 Pacific Highway, Ste. 260 
San Diego, CA 92101 
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CHATTEN-BROWN & CARSTENS LLP 
Jan Chatten-Brown (SBN 050275) 
Josh Chatten-Brown (SBN 243605) 
Susan Durbin (SBN 81750) 
302 Washington Street, #710 
San Diego, CA 92103 
619-940-4522; 310-798-2400 
Fax: 310-798-2402 



Attorneys for Petitioner Sierra Club 



SUPERIOR COURT OF THE STATE OF CALIFORNIA 



FOR THE COUNTY OF SAN DIEGO 



CASE NO.: 37-2012-00101054-CU-fl-CTL 



SIERRA CLUB, 
NOTICE OF ELECTION TO PREPARE 



Petitioner, 	 THE ADMINISTRATIVE RECORD 



Judge: Hon. Timothy B. Taylor 
Dept: C-72 
Original Petition Filed: July 20, 2012 
Mandate Filed: February 18, 2014 



V. 



COUNTY OF SAN DIEGO, 



Respondent. 



IMAGED FILE 



(CALIFORNIA ENVIRONMENTAL 
QUALITY ACT) 



1. 
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Petitioner Sierra Club hereby gives notice pursuant to Public Resource Code section 



21167.6 that Petitioner elect to prepare the administrative record in the above-entitled action. 



DATE: March 16, 2018 	 Respectfully Submitted, 



CHATTEN-BROWN & CARSTENS 



By: 
	4 07,4r 



Josh Chart' IL-Brown 
Jan Cb .Lcen-Brown 
Attorneys for Petitioner 



2. 
NOTICE OF ELECTION TO PREP 



ADMINISTRATIVE RECO 
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PROOF OF SERVICE 



I am employed by Chatten-Brown & Carstens LLP in the County of Los Angeles, State of 
California. I am over the age of 18 and not a party to the within action. My business address is 2200 
Pacific Coast Highway, Ste. 318, Hermosa Beach, CA 90254. On March 20, 2018, I served the 
within documents: 



THIRD SUPPLEMENTAL PETITION 



FOR WRIT OF MANDATE 



VIA UNITED STATES MAIL. I am readily familiar with this business' practice 
for collection and processing of correspondence for mailing with the United States 
Postal Service. On the same day that correspondence is placed for collection and 
mailing, it is deposited in the ordinary course of business with the United States 
Postal Service in a sealed envelope with postage fully prepaid. I enclosed the above-
referenced document(s) in a sealed envelope or package addressed to the person(s) at 
the address(es) as set forth below, and following ordinary business practices I placed 
the package for collection and mailing on the date and at the place of business set 
forth above. 



VIA OVERNIGHT DELIVERY. I enclosed the above-referenced document(s) in 
an envelope or package designated by an overnight delivery carrier with delivery fees 
paid or provided for and addressed to the person(s) at the address(es) listed below. I 
placed the envelope or package for collection and overnight delivery at an office or a 
regularly utilized drop box of the overnight delivery carrier. 



VIA ONE LEGAL E-SERVICE. By submitting an electronic version of the 
document(s) to One Legal, LLC, through the user interface at www.oneleaal.com .  



I declare that I am employed in the office of a member of the bar of this court whose direction 
the service was made. I declare under penalty of perjury under the laws of the State of California that 
the above is true and correct. Executed on March 20, 2018, at Hermosa Beach, California. 



Cynthia Kellman 



PROOF OF SERVICE 
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SERVICE LIST 



Thomas E. Montgomery, County Counsel County of San Diego 
Claudia G. Silva, Assistant County Counsel 
1600 Pacific Highway, Room 355 
San Diego, California 92101-2469 
claudia.s i Iva@sdeounty.ca.gov   



Christopher W. Garrett 
Andrew D. Yancey 
Samantha Seildcula 
LATHAM & WATKINS LLP 
12670 High Bluff Drive 
San Diego, California 92130 
Christopher.Garrettalw.com   
andrenanceva,lw.com   
Samantha.Seikkula@lw.com   



PROOF OF SERVICE 
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New Document:
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Jennifer L. Hernandez (State Bar No. 114951) 
Charles L. Coleman III (State Bar No. 65496) 
Marne S. Sussman (State Bar No. 273712) 
David I. Holtzman (State Bar No. 299287) 
HOLLAND & KNIGHT LLP 
50 California Street, 28th Floor 
San Francisco, California 94111 
Tel: (415) 743-6900 Fax: (415) 743-6910 
Email: jennifer.hernandez@hklaw.com 
 charles.coleman@hklaw.com 



Attorneys for Plaintiffs/Petitioners  
THE TWO HUNDRED, et al.  



SUPERIOR COURT OF THE STATE OF CALIFORNIA 



COUNTY OF FRESNO 



UNLIMITED CIVIL JURISDICTION  



 



THE TWO HUNDRED, an unincorporated 
association of  civil rights leaders, including 
LETICIA RODRIGUEZ, TERESA MURILLO, 
and EUGENIA PEREZ, 
 
 Plaintiffs/Petitioners, 
 
                    v. 
 
CALIFORNIA AIR RESOURCES BOARD, 
RICHARD COREY, in his Official Capacity, and 
DOES 1-50,  
 
  Respondents/Defendants. 



Case No. 18CECG01494 



 
FIRST AMENDED1 VERIFIED 
PETITION FOR WRIT OF 
MANDATE; COMPLAINT FOR 
DECLARATORY AND INJUNCTIVE 
RELIEF  



 



[Code Civ. Proc. §§ 1085, 1094.5, 1060, 
526; Gov. Code § 12955 et seq. (FEHA); 
42 U.S.C. § 3601 et seq. (FHA); Cal. 
Const. Art. I, § 7; Art. IV, § 16; U.S. 
Const. Amd. 14, § 1; 42 U.S.C. § 1983; 
Pub. Res. Code § 12000 et seq. (CEQA); 
Gov. Code § 11346 et seq. (APA); H&S 
Code § 38500 et seq. (GWSA); H&S 
Code § 39000 et seq. (CCAA); Gov. 
Code § 65088 et seq. (Congestion 
Management Plan)]   



 



                                                 
1     Principal added allegations are set out in bold font.  A full “redline” comparing this First 
Amended Petition/Complaint with the original Petition/Complaint and showing all changes is 
attached as Exhibit 3.  Principal substantive additions to the Petition/Complaint appear starting at 
paragraph 262.  
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I. INTRODUCTION AND SUMMARY OF REQUESTED RELIEF 



A. California’s Greenhouse Gas Policies and Housing-Induced Poverty Crisis 



1. California’s reputation as a global climate leader is built on the state’s dual claims 



of substantially reducing greenhouse gas (“GHG”) emissions while simultaneously enjoying a 



thriving economy. Neither claim is true.   



2. California has made far less progress in reducing GHG emissions than other states. 



Since the effective date of California’s landmark GHG reduction law, the Global Warming 



Solutions Act,2 41 states have reduced per capita GHG emissions by more than California  



3. California’s lead climate agency, the California Air Resources Board (“CARB”), 



has ignored California’s modest scale of GHG reductions, as well as the highly regressive costs 



imposed on current state residents by CARB’s climate programs.  



4. Others have been more forthcoming. Governor Jerry Brown acknowledged in 2017 



that the state’s lauded cap-and-trade program, which the non-partisan state Legislative Analysist’s 



Office (“LAO”) concluded would cost consumers between 24 cents and 73 cents more per gallon 



of gasoline by 2031,3 actually “is not that important [for greenhouse gas reduction]. I know that. 



I’m Mr. ‘It Ain’t That Much.’ It isn’t that much. Everybody here [in a European climate change 



conference] is hype, hype to the skies.”4 



5. Governor Brown’s acknowledgement was prompted by a report from Mother 



Jones—not CARB—that high rainfall had resulted in more hydroelectric power generation from 



                                                 
2 The Global Warming Solutions Act of 2006 (“GWSA”) is codified at Health and Safety Code 
(“H&S Code”) § 38500 et seq. and became effective in 2007. The Act is often referred to as “AB 
32”, the assembly bill number assigned to the legislation. AB 32 required California to reduce 
GHG emissions from a “business as usual” scenario in 2020 to the state’s 1990 GHG emission 
level.  AB 32 was amended in 2017 by Senate Bill 32 by the same author. SB 32 established a 
new GHG reduction mandate of 40% below California’s 1990 GHG levels by 2030.   
3 LAO, Letter to Assembly Member Fong (Mar. 29, 2017), www.lao.ca.gov/letters/2017/fong-
fuels-cap-and-trade.pdf. 
4 Julie Cart, Weather Helped California’s Greenhouse Gas Emissions Drop 5% Last Year, 
CALMatters (Dec. 2, 2017), https://timesofsandiego.com/tech/2017/12/02/weather-helped-
californias-greenhouse-gas-emissions-drop-5-last-year/. 
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existing dams than had occurred during the drought, and that this weather pattern resulted in a 5% 



decrease in California’s GHG emissions.5      



6. GHG emissions data from California’s wildfires are also telling. As reported by 



the San Francisco Chronicle (again not CARB), GHG emissions from all California regulatory 



efforts “inched down” statewide by 1.5 million metric tons (from total estimated emissions of 440 



million metric tons),6 while just one wildfire near Fresno County (the Rough Fire) produced 6.8 



million metric tons of GHGs, and other fires on just federally managed forest lands in California 



emitted 16 million metric tons of GHGs.7  



7. Reliance on statewide economic data for the false idea that California’s economy 



is thriving conflates the remarkable stock market profits of San Francisco Bay Area technology 



companies with disparate economic harms and losses suffered by Latino and African American 



Californians statewide, and by white and Asian American Californians outside the Bay Area.  



8. Since 2007, which included both the global recession and current sustained period 



of economic recovery, California has had the highest poverty rate in the country—over 8 million 



people living below the U.S. Census Bureau poverty line when housing costs are taken into 



account.8 By another authoritative poverty methodology developed by the United Way of 



California, which counts housing as well as other basic necessities like transportation and medical 



costs (and then offsets these with state welfare and related poverty assistance programs), about 



40% of Californians “do not have sufficient income to meet their basic cost of living.”9 The 



                                                 
5 Ibid. 
6 California Air Resources Board, 2017 Edition California Greenhouse Gas Inventory for 2000-
2015 (June 2017), https://www.arb.ca.gov/cc/inventory/data/data.htm. 
7 David R Baker, Huge wildfires can wipe out California’s greenhouse gas gains, SF Chronicle, 
(Nov. 21, 2017), https://www.sfchronicle.com/bayarea/article/Huge-wildfires-can-wipe-out-
California-s-12376324.php. 
8 Liana Fox, The Supplemental Poverty Measure: 2016, U.S. Census Bureau Report Number: 
P60-261, Table A-5 (Sept. 21, 2017), 
https://www.census.gov/library/publications/2017/demo/p60-261.html; Dan Walters, Why does 
California have the nation’s highest poverty level?, CALMatters (Aug. 13, 2017), 
https://calmatters.org/articles/california-nations-highest-poverty-level/.  
9 Betsy Block et al., Struggling to Get By: The Real Cost Measure in California 2015, United 
Ways of California (2016), https://www.unitedwaysca.org/realcost. 
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Public Policy Institute of California used a methodology that also accounts for the cost of living 



and independently concluded that about 40% of Californians live in poverty.10  



9. Poverty is just one of several indicators of the deep economic distress affecting 



California. California also has the highest homeless population, and the highest homelessness 



rate, in the nation. According to the U.S. Department of Housing and Urban Development, about 



25% of the nation’s homeless, or about 135,000 individuals, are in California.11    



10. National homeownership rates have been recovering since the recession levels, but 



California’s rate has plunged to the second lowest in the country—with homeownership losses 



steepest and most sustained for California’s Latinos and African Americans.12    



11. As shown in Figure 1, with the exception of white and Asian populations in the 



five-county Bay Area, elsewhere in California—and for Latino and African American residents 



statewide—incomes are comparable to national averages.  



Figure 1 



Median Income in 2007 and 2017, White, Asian, Latino and Black Populations 



Bay Area, California excluding the Bay Area, and U.S. excluding California 



(nominal current dollars)13 



 



 



                                                 
10 Public Policy Institute of California, Poverty in California (Oct. 2017), 
http://www.ppic.org/publication/poverty-in-california/. 
11 U.S. Department of Housing and Urban Development, 2017 Annual Homeless Assessment 
Report to Congress, https://www.hudexchange.info/resources/documents/2017-AHAR-Part-1.pdf; 
Kevin Fagan et al., California’s homelessness crisis expands to country, SF Chronicle (Sept. 8, 
2017), https://www.sfchronicle.com/news/article/California-s-homelessness-crisis-moves-to-the-
12182026.php. 
12 U.S. Census Bureau, Housing Vacancies and Homeownership (CPS/HVS), Table 16. 
Homeownership Rates for the 75 Largest Metropolitan Statistical Areas: 2015 to 2017, 
https://www.census.gov/housing/hvs/data/ann17ind.html. See also 2007 and 2016 American 
Community Survey 1-Year Estimates, Table B25003 series (Tenure in Occupied housing units), 
California, https://factfinder.census.gov/. 
13 Median income estimated from household income distributions for 2007 and 2016 American 
Community Survey 1-Year Estimates, Table B19001 series, https://factfinder.census.gov/ (using 
the estimation methodology described by the California Department of Finance at 
http://www.dof.ca.gov/Forecasting/Demographics/Census_Data_Center_Network/documents/Ho
w_to_Recalculate_a_Median.pdf). 
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12. However, Californians pay far higher costs for basic necessities. A national survey 



of housing, food, medical and other costs conducted by the Council for Community & Economic 



Research showed that in 2017, California was the second most expensive state in the nation (after 



Hawaii), and had a cost of living index that was 41% higher than the national average.14 The LAO 



reported that “California’s home prices and rents are higher than just about anywhere else,” with 



average home prices 2.5 times more than the national average and rents 50% higher than the 



national average.15 Californians also pay 58% more in average electricity cost per KWh hour 



(2016 annual average)16 and about $0.80 cents more per gallon of gas than the national average.17    



                                                 
14 The 2017 survey by the Council for Community & Economic Research was published by the 
Missouri Economic Research and Information Center, 
https://www.missourieconomy.org/indicators/cost_of_living/index.stm.  
15 LAO, California’s High Housing Costs: Causes and Consequences (Mar. 17, 2015), 
http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
16 U.S. Energy Information Agency, Electric Power Annual, Table 2.10 (Dec. 2, 2017), 
https://www.eia.gov/electricity/annual/ (showing average annual 2016 prices). 
17 American Automobile Association, Regular Gas Prices, http://gasprices.aaa.com/state-gas-
price-averages/, last visited April 25, 2018. 
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13. These high costs for two basic living expenses—electricity and transportation—are 



highest for those who live in the state’s inland areas (and need more heating and cooling than the 



temperate coast), and drive farthest to jobs due to the acute housing crisis the LAO has concluded 



is worst in the coastal urban job centers like the San Francisco Bay Area and Los Angeles.18  



14. An estimated 138,000 commuters enter and exit the nine-county Bay Area 



megaregion each day.19 These are workers who are forced to “drive until they qualify” for 



housing they can afford to buy or rent.  



15. San Joaquin County housing prices in cities nearest the Bay Area, such as 



Stockton, are about one-third lower, even though commute times to San Jose are 77 minutes each 



direction (80 miles and 2.5 hour daily commutes), and to San Francisco are 80 minutes (82 miles 



and 3 hour daily commutes).20 The median housing price in Stockton is about $286,000—still 



double the national average of $140,000—while the median housing price in San Jose is over 



$1,076,000 and in San Francisco is over $1,341,000.21  



16. California’s poverty, housing, transportation and homeless crisis have created a 



perfect storm of economic hardship that has, in the words of the civil rights group Urban Habitat, 



resulted in the “resegregation” of the Bay Area.22 Between 2000 and 2014, substantial African 



American and Latino populations shifted from central cities on and near the Bay, like San 



Francisco, Oakland, Richmond and San Jose, to eastern outer suburbs like Antioch, and Central 



Valley communities like Stockton and Suisun City.23 As reported:  



                                                 
18 LAO, California’s High Housing Costs: Causes and Consequences (Mar. 17, 2015),  
http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
19 Bay Area Council, Another Inconvenient Truth (Aug. 16, 2016), 
www.bayareaeconomy.org/report/another-inconvenient-truth/.   
20 Commute times from Google navigation, calculated April 25, 2018. 
21 Zillow, Stockton CA Home Prices & Home Values, https://www.zillow.com/stockton-ca/home-
values/; San Jose CA Home Prices and Home Values, https://www.zillow.com/san-jose-ca/home-
values/; San Francisco CA Home Prices and Home Values, https://www.zillow.com/san-
francisco-ca/home-values/. 
22 Urban Habitat League, Race, Inequality, and the Resegregation of the Bay Area (Nov. 2016), 
http://urbanhabitat.org/new-report-urban-habitat-reveals-growing-inequality-and-resegregation-
bay-area-reflecting-divided; see also LAO, Lower Income Households Moving to Inland 
California from Coast (Sept. 2015), http://www.lao.ca.gov/LAOEconTax/Article/Detail/133. 
23 Id. p. 10-11, Maps 5 and 6. 
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Low income communities of color are increasingly living at the 
expanding edges of our region. . . . Those who do live closer to the 
regional core find themselves unable to afford skyrocketing rents 
and other necessities; many families are doubling or tripling up in 
homes, or facing housing instability and homelessness.24  



17. Los Angeles (#1) and the Bay Area (#3) are already ranked the worst in the nation 



for traffic congestion, flanking Washington DC (#2).25 Yet California’s climate leaders have 



decided to intentionally increase traffic congestion—to lengthen commute times and encourage 



gridlock—to try to get more people to ride buses or take other form of public transit.26 This 



climate strategy has already failed, with public transit ridership—particularly by bus—continuing 



to fall even as California has invested billions in public transit systems.27  



18. Vehicle miles travelled (“VMT”) by Californians forced to drive ever-greater 



distances to homes they can afford have also increased by 15% between 2000 and 2015.28 Serious 



                                                 
24 Id. p. 2.   
25 INRIX Global Traffic Scorecard (2017), http://inrix.com/scorecard/. 
26 Governor’s Office of Planning and Research (“OPR”), Updating Transportation Analysis in the 
CEQA Guidelines, Preliminary Discussion Draft (Aug. 6, 2014), 
http://www.opr.ca.gov/docs/Final_Preliminary_Discussion_Draft_of_Updates_Implementing_SB
_743_080614.pdf, p. 9 (stating that “research indicates that adding new traffic lanes in areas 
subject to congestion tends to lead to more people driving further distances. (Handy and Boarnet, 
“DRAFT Policy Brief on Highway Capacity and Induced Travel,” (April 2014).) This is because 
the new roadway capacity may allow increased speeds on the roadway, which then allows people 
to access more distant locations in a shorter amount of time. Thus, the new roadway capacity may 
cause people to make trips that they would otherwise avoid because of congestion, or may make 
driving a more attractive mode of travel”). In subsequent CEQA regulatory proposals, and in 
pertinent parts of the 2017 Scoping Plan, text supportive of traffic congestion was deleted but the 
substantive policy direction remains unchanged. Further, the gas tax approved by the Legislature 
in 2017 was structured to limit money for addressing congestion to $250 million (less than 1% of 
the $2.88 billion anticipated to be generated by the new taxes). See Jim Miller, California’s gas 
tax increase is now law. What it costs you and what it fixes. Sacramento Bee (April 28, 2017),  
http://www.sacbee.com/news/politics-government/capitol-alert/article147437054.html. 
27 See, e.g., Bay Area Metropolitan Planning Commission, Transit Ridership Report (Sept. 2017), 
http://www.vitalsigns.mtc.ca.gov/transit-ridership (showing transit ridership decline on a per 
capita basis by 11% since 1990 with per capita bus boardings declining by 33%); see also 
University of California Institute for Transportation Studies, Falling Transit Ridership: California 
and Southern California (Jan. 2018), 
https://www.scag.ca.gov/Documents/ITS_SCAG_Transit_Ridership.pdf (showing Los Angeles 
regional public transit decline). 
28 TRIP, California Transportation by the Numbers (Aug. 2016), 
https://mtc.ca.gov/sites/default/files/CA_Transportation_by_the_Numbers_TRIP_Report_2016.p
df.  
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adverse health impacts to individual commuters,29 as well as adverse economic impacts to drivers 



and the California economy,30 from excessive commutes have also worsened.  



19. In 2016 and 2017, the combination of increased congestion and more VMT 



reversed decades of air quality improvements in California, and caused increased emissions of 



both GHG and other traditional air pollutants that cause smog and other adverse health effects,31 



for which reductions have long been mandated under federal and state clean air laws. 



20. In short, in the vast majority of California, and for the whole of its Latino and 



African American populations, the story of California’s “thriving” economy is built on CARB’s 



reliance on misleading statewide averages, which are distorted by the unprecedented 



concentration of stock market wealth created by the Bay Area technology industry. 



21. For most Californians, especially those who lost their home in the Great Recession 



(with foreclosures disproportionately affecting minority homeowners),32 or who never owned a 



home and are struggling with college loans or struggling to find a steady job that pays enough to 



cover California’s extraordinary living costs, CARB’s assertion that California is a booming, 



“clean and green” economy is a distant fiction.  



B. California’s Historical Use of Environmental and Zoning Laws and 



Regulations to Oppress and Marginalize Minority Communities 



22. The current plight of minority communities in California is the product of many 



decades of institutional racism, perpetuated by school bureaucrats of the 1940’s who defended the 



“separate but equal” system, highway bureaucrats of the 1950’s who targeted minority 



neighborhoods for demolition to make way for freeway routes, urban planning bureaucrats in the 



                                                 
29 Carolyn Kylstra, 10 Things Your Commute Does to Your Body, Time Magazine (Feb. 2014), 
http://time.com/9912/10-things-your-commute-does-to-your-body/.   
30 TRIP, California Transportation by the Numbers (Aug. 2016), 
https://mtc.ca.gov/sites/default/files/CA_Transportation_by_the_Numbers_TRIP_Report_2016.p
df (stating that traffic congestion is estimated to cost California $28 billion, including lost time 
for drivers and businesses, and wasted fuels).   
31 Next 10, 2017 CA Green Innovation Index (Aug. 22, 2017), 
http://next10.org/sites/default/files/2017-CA-Green-Innovation-Index-2.pdf. 
32 Gillian White, The Recession’s Racial Slant, Atlantic Magazine (June 24, 2015), 
https://www.theatlantic.com/business/archive/2015/06/black-recession-housing-race/396725/.  
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1960’s who destroyed minority communities in pursuit of redevelopment, and those who enabled 



decades of “redlining” practices by insurance and banking bureaucrats aimed at denying 



minorities equal access to mortgages and home insurance.33  



23. Environmental regulators are no less susceptible to racism and bias than other 



regulators. Members of The Two Hundred had to intervene when environmental regulators 



threatened to block construction of the UC Merced campus, which is the only UC campus in the 



Central Valley and serves the highest percentage of Latino students of any UC campus.34  



24. Members of The Two Hundred also had to intervene to require environmental 



regulators to establish clear standards for the cleanup of contaminated property that blighted 



many minority neighborhoods, where cleanup and redevelopment could not be financed without 



the standards that virtually all other states had already adopted.35 



25. Racial bias in environmental advocacy organizations, including those that heavily 



lobbied CARB in 2017 Scoping Plan proceedings, was also confirmed in an influential study 



funded by major foundations that contribute to such organizations.36 



                                                 
33 See Richard Rothstein, Color of Law: A Forgotten History of How Our Government 
Segregated America (2017). 
34 UC Merced’s Latino undergraduates comprise 53% of the student population, compared to the 
21% rate of Latino undergraduate enrollment for the UC system as a whole.  University of 
California System Enrollment (2017), https://www.universityofcalifornia.edu/infocenter/fall-
enrollment-glance; UC Merced Fast Facts 2017-2018, https://www.ucmerced.edu/fast-facts; see 
also John Gamboa, Greenlining Institute, Brownfields, UC Merced, and Fighting for 
Environmental Equity (March 2018), http://greenlining.org/blog/2018/brownfields-uc-merced-
fighting-environmental-equity/. 
35 John Gamboa, Greenlining Institute, Brownfields, UC Merced, and Fighting for Environmental 
Equity (Mar. 2018), http://greenlining.org/blog/2018/brownfields-uc-merced-fighting-
environmental-equity/. 
36 Dorceta E. Taylor, Ph.D., The State of Diversity in Environmental Organizations: Mainstream 
NOGs, Foundations & Government Agencies (July 2014), http://vaipl.org/wp-
content/uploads/2014/10/ExecutiveSummary-Diverse-Green.pdf.  
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26. Additional studies have confirmed racial bias in environmental organizations, and 



in media reports on environmental issues.37 As the newest President of the Sierra Club Board of 



Directors, African American Aaron Mair recently confirmed: “White privilege and racism within 



the broader environmental movement is existent and pervasive.”38   



27. The simple fact is that vast areas of California, and disproportionately high 



numbers of Latino and African American Californians, have fallen into poverty or out of 



homeownership, and California’s climate policies guarantee that housing, transportation and 



electricity prices will continue to rise while “gateway” jobs to the middle class for those without 



college degrees, such as manufacturing and logistics, will continue to locate in other states. 



C. Four New GHG Housing Measures in CARB’s 2017 Scoping Plan Are 



Unlawful, Unconstitutional, and Would Exacerbate the Housing-Induced 



Poverty Crisis 



28. Defendant/Respondent CARB is the state agency directed by the Legislature to 



implement SB 32, which requires the State to set a target to reduce its GHG emissions to forty 



percent below 1990 levels by 2030 (“2030 Target”).    



29. CARB adopts a “Scoping Plan” every five years, as described in the GWSA. The 



most recent Scoping Plan sets out the GHG reduction measures that CARB finds will be required 



to achieve the 2030 Target (“2017 Scoping Plan”). The 2017 Scoping Plan was approved in 



December 2017.   



30. The most staggering, unlawful, and racist components of the 2017 Scoping Plan 



target new housing. The Plan includes four measures, challenged in this action, that increase the 



cost and litigation risks of building housing, intentionally worsen congestion (including commute 



                                                 
37 See, e.g., Nikhil Swaminathan, The Unsustainable Whiteness of Green, Moyers & Company 
(June 30, 2017), https://billmoyers.com/story/unsustainable-whiteness-green/; Jedidiah Purdy, 
Environmentalism’s Racist History, The New Yorker (Aug. 13, 2015), 
https://www.newyorker.com/news/news-desk/environmentalisms-racist-history; Brentin Mock, 
The Green Movement Is Talking About Racism? It’s About Time, Outside Magazine (Feb. 27, 
2017), https://www.outsideonline.com/2142326/environmentalism-must-confront-its-social-
justice-sins. 
38 Nikhil Swaminathan, The Unsustainable Whiteness of Green, Moyers & Company (June 30, 
2017), https://billmoyers.com/story/unsustainable-whiteness-green/ 
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times and vehicular emissions) for workers who already spend more than two hours on the road 



instead of with their families, and further increase the cost of transportation fuels and electricity.   



31. These newly-adopted measures (herein the “GHG Housing Measures”) are: (A) 



The new VMT mandate; (B) The new “net zero” CEQA threshold; (C) The new CO2 per capita 



targets for local climate action plans for 2030 and 2050; and (D) The “Vibrant Communities” 



policies in Appendix C to the 2017 Scoping Plan, to the extent they incorporate the VMT, net 



zero and new CO2 per capita targets.39   



32. The presumptive “net zero” GHG threshold requires offsetting GHG emissions for 



all new projects including housing under CEQA, the “Vibrant Communities” measures include 



limiting new housing to the boundaries of existing developed communities, and a mandate to 



substantially reduce VMT even for electric vehicles by (among other means) intentionally 



increasing congestion to induce greater reliance on buses and other transit modes. 



33. The development of, and the measures included in, the 2017 Scoping Plan was 



required to be informed by an environmental analysis (“EA”) pursuant to the California 



Environmental Quality Act (Pub. Res. Code § 21000 et seq.) (“CEQA”), and an economic fiscal 



analysis (“FA”) as mandated by both the GWSA and the Administrative Procedure Act, Gov. 



Code § 11346 et seq. (“APA”). 



34. However, in one of many examples of the lack of analysis in the 2017 Scoping 



Plan and related documents, CARB does not disclose the GHG emission reductions it expects 



from the GHG Housing Measures. The Scoping Plan also omits any economic analysis that 



accounts for the cost of these measures on today’s Californians, and omits any environmental 



analysis of the Plan’s effects on existing California communities and infrastructure. 



35. CARB concluded that in 2017 California’s entire economy will emit 440 million 



metric tons of GHGs per year, and that California will need to reduce emissions by 181.8 million 



                                                 
39 While CARB styled the GHG Housing Measures as “guidelines”, they are self-implementing 
and unlawful underground regulations. All other components of the 2017 Scoping Plan will be 
implemented as regulations, such as the Cap and Trade program and low carbon fuel standard, 
and thus will undergo a formal rulemaking process. However, CARB refused to undertake the 
same legislatively-mandated public process for the four GHG Housing Measures. 
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metric tons to meet the 2030 Target. Notwithstanding widespread reports, and public and agency 



concern about the housing crisis, the homelessness crisis, the housing-induced poverty crisis, and 



the transportation crisis (collectively referred to herein as the “housing crisis”), neither the 2017 



Scoping Plan, nor the environmental or economic analyses, disclose how much of this 181.8 



million metric ton GHG reduction must or even may be achieved by constructing the at least three 



million new homes that experts,40 and all candidates for Governor,41 agree California must 



produce to resolve the current housing shortfall.    



36. The core elements of the Scoping Plan related to housing call for new housing in 



California’s existing communities (which comprise 4% of California’s lands), with smaller multi-



family units instead of single family homes located near public transit to reduce VMT. The 2017 



Scoping Plan does not contemplate the need for any new regulations to implement this housing 



regime. Instead, it includes expert agency conclusions about how CEQA, a 1970 environmental 



law, must be implemented to achieve California’s statutory climate change mandates as well as 



the unlegislated 2050 GHG reduction goal (80% reduction from 1990 GHG emissions by 2050) 



included in various Executive Orders from California Governors.   



37. The best available data on the actual GHG reductions that will be achieved by the 



Scoping Plan’s GHG Housing Measures is the “Right Type, Right Place” report, prepared by a 



multi-disciplinary team of housing and environmental law experts at the University of California, 



Berkeley, that examined some of the consequences from the housing crisis solution embedded in 



the 2017 Scoping Plan’s GHG Housing Measures (“UCB Study”).42 



                                                 
40 Jonathan Woetzel et al., Closing California’s Housing Gap, McKinsey Global Institute (Oct. 
2016), https://www.mckinsey.com/global-themes/urbanization/closing-californias-housing-gap. 
41 Liam Dillon, We asked the candidates how they planned to meet housing production goals.  
Here’s how they responded, LA Times (March 6, 2018), 
http://www.latimes.com/politics/essential/la-pol-ca-essential-politics-updates-we-asked-the-
candidates-how-they-planned-1520382029-htmlstory.html. 
42 Nathaniel Decker et al., Right Type Right Place: Assessing the Environmental and Economic 
Impacts of Infill Residential Development through 2030, U.C. Berkeley Terner Center for 
Housing Innovation and Center for Law, Energy and the Environment (Mar. 2017), 
https://ternercenter.berkeley.edu/right-type-right-place. 
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38. The UCB Study anticipates constructing only 1.9 million new homes, less than 



two-thirds of California’s 3.5 million shortfall identified by other experts. The Study examines 



the continuation of existing housing production, which is dominated by single family homes with 



fewer than 1% of Californians living in high rise structures, and compares this with a changed 



housing pattern that would confine new housing to the boundaries of existing cities and towns and 



replace traditional single family homes with smaller apartments or condos (thereby equating 



2,000 square foot homes with 800 square foot apartments).  



39. The UCB Study concludes that high rise and even mid-rise (e.g., six story) 



buildings are far more costly to build on a per unit basis than single family homes—three to five 



time higher—and are thus infeasible in most markets for most Californians. The Study thus 



recommends focusing on less costly housing units such as quadplexes (four units in two-story 



buildings) and stacked flats (one or two units per floor, generally limited to four stories)—which 



are still approximately 30% more costly than single family homes on a per unit basis.   



40. The UCB Study then concludes that it would be possible for California to build all 



1.9 million new homes in existing communities with these small multi-family structures, but to 



confine all new units to the 4% of California that is already urbanized would require the 



demolition of “tens, if not hundreds of thousands, of single family homes.” The Study does not 



quantify the GHG emissions from such massive demolition activities, nor does it identify any 



funding source or assess any non-GHG environmental, public service, infrastructure, historic 



structure, school, traffic, or other impact associated with this new housing vision.   



41. Unlike CARB’s 2017 Scoping Plan, the UCB Study does quantify the GHG 



reductions to be achieved by remaking California’s existing communities and housing all 



Californians harmed by the current housing crisis in small apartments. With this new housing 



future, California will reduce annual GHG emissions by 1.79 million metric tons per year, less 



than 1% of the 181.8 million metric tons required to meet the 2030 Target in SB 32. 



42. The Scoping Plan’s new CEQA provisions, which have already been cited as 



CEQA legal mandates by opponents to a Los Angeles County housing project called 
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“Northlake,”43 would increase still further the cost of new housing (and thereby make it even less 



affordable to California’s minority and other families). Since new housing—especially infill 



housing—is already the top target of CEQA lawsuits statewide, 44 the GHG Housing Measures 



will encourage even more anti-housing lawsuits, with attendant increases in project litigation 



costs and construction delays, as well as vehement opposition from existing residents.   



43. CEQA lawsuits also disproportionately target multi-family housing such as 



apartments in existing urbanized “infill” locations. In a recent 3-year study of all CEQA lawsuits 



filed statewide, the approximately 14,000 housing units challenged in the six county region 



comprising the Southern California Association of Governments (“SCAG”), which includes Los 



Angeles, Orange, San Bernadino, Ventura, Imperial, and Riverside counties and all cities within 



those counties, SCAG determined that 98% of the challenged housing units were located in 



existing urbanized areas, 70% were within areas designated for transit-oriented high density 



development, and 78% were located in the whiter, wealthier and healthier areas of the region 



(outside the portions of the regions with higher minority populations, poverty rates, pollution, and 



health problems associated with adverse environmental conditions such as asthma).45   



44. CEQA lawsuit petitioners also have an unusually high success rate against the 



cities and other government agencies responsible for CEQA compliance. A metastudy of 



administrative agency challenges nationally showed that agencies win approximately 70% of such 



cases. In contrast, three different law firm studies of CEQA reported appellate court opinions 



showed that CEQA petitioners prevailed in almost 50% of such cases.46   



                                                 
43 Center for Biological Diversity, Letter to Los Angeles County (April 16, 2018),   
http://planning.lacounty.gov/assets/upl/case/tr073336_correspondence-20180418.pdf. 
44 Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df. 
45 Jennifer Hernandez, David Friedman, Stephanie DeHerrera, In the Name of the Environment 
Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), p. 31-34, 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf. 
46 Jennifer Hernandez, Spencer Potter, Dan Golub, Joanna Meldrum, CEQA Judicial Outcomes: 
Fifteen Years of Reported California Appellate and Supreme Court Decisions (2015), p. 3-4, 10, 
https://www.hklaw.com/files/Uploads/Documents/Articles/0504FINALCEQA.pdf. 
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45. As noted by senior CEQA practitioner William Fulton, “CEQA provides a way for 



anybody who wants anything out of a public agency to get some leverage over the situation – 



whether that's unions, environmentalists, businesses, developers, and even local governments 



themselves.”47   



46. As the founder of California’s first law firm focused on filing CEQA lawsuit 



petitions, E. Clement Shute, recently reported when accepting a lifetime environmental law firm 



award from the California State Bar Environmental Section: 



Moving to the bad and ugly side of CEQA, projects with merit that 
serve valid public purposes and not be harmful to the environment 
can be killed just by the passage of the time it takes to litigate a 
CEQA case. 



In the same vein, often just filing a CEQA lawsuit is the equivalent 
of an injunction because lenders will not provide funding where 
there is pending litigation. This is fundamentally unfair. There is no 
need to show a high probability of success to secure an injunction 
and no application of a bond requirement to offset damage to the 
developer should he or she prevail. 



CEQA has also been misused by people whose move is not 
environmental protection but using the law as leverage for other 
purposes. I have seen this happen where a party argues directly to 
argue lack of CEQA compliance or where a party funds an unrelated 
group to carry the fight. These, in my opinion, go to the bad or ugly 
side of CEQA’s impact.48 



47. African American radio host and MBA, Eric L. Frazier, called this climate-based 



CEQA housing regime “environmental apartheid” since whiter, wealthier and older homeowners 



were less likely to be affected, while aspiring minority homeowners were likely to be denied 



housing even longer based on community opposition to widespread density increases and 



destruction of single family homes, bear even higher housing costs given the absence of funding 



                                                 
47 William Fulton, Insight: Everyone wants to keep leverage under CEQA, California Planning & 
Development Report (Sept. 30, 2014), http://www.cp-dr.com/node/3585. 
48 E. Clement Shute, Jr., Reprise of Fireside Chat, Yosemite Environmental Law Conference, 25 
Envtl Law News, 3 (2016).  
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sources to expand and replace undersized infrastructure and public services, and never be within 



reach of purchasing a family home.49    



48. CARB’s 2017 Scoping Plan, and its required CEQA analysis, also provide no 



assessment of alternatives for achieving the only 1% reduction in GHG emissions that the new 



housing future will accomplish from other sectors or sources, which could avoid adverse impacts 



to California’s minority communities, avoid increased housing costs and CEQA litigation risks, 



and avoid impacting existing California communities by—for example—allowing urbanization of 



even 1% more of California’s land. 



49. CARB also ignores a history of success in reducing traditional pollutants from 



cars, as required by the federal and state Clean Air Acts, while preserving the transportation 



mobility of people and goods. U.S. Environmental Protection Agency (“EPA”) reported in 2016 



that most auto tailpipe pollutants had declined by 98-99% in comparison to 1960’s cars, gasoline 



got cleaner with the elimination of lead and reduction in sulfur, and even though it had not been 



directly regulated, the primary GHG from cars (carbon dioxide) has risen nationally by less than 



20% even as VMT nationally more than doubled as a co-benefit of mandatory reductions of 



traditional pollutants.50  



50. In contrast to this success, CARB’s VMT reduction scheme and its ongoing efforts 



to intentionally increase congestion are an assault on the transportation mobility of people, which 



disparately harm minority workers who have been forced by the housing crisis to drive ever 



greater distances to work. 



51. CARB staff’s response to The Two Hundred’s December 2017 comment letter on 



the 2017 Scoping Plan is plain evidence of the intentional concealment and willful omission of 



the true impacts of the 2017 Scoping Plan and the GHG Housing Measures on California. CARB 



                                                 
49 Eric L. Frazier, The Power is Now, Facebook Live Broadcast (Feb. 28, 2018), 
https://thepowerisnow.com/events/event/jennifer-hernandez/. 
50 U.S. EPA, Historic Success of the Clean Air Act (2016), https://www.epa.gov/air-pollution-
transportation/accomplishments-and-success-air-pollution-transportation. 
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staff said that GHG Housing Measures were in a separate chapter and thus not part of the 2017 



Scoping Plan after all.51 



52. California’s climate change policies, and specifically those policies that increase 



the cost and delay or reduce the availability of housing, that increase the cost of transportation 



fuels and intentionally worsen highway congestion to lengthen commute times, and further 



increase electricity costs, have caused and will cause unconstitutional and unlawful disparate 



impacts to California’s minority populations, which now comprise a plurality of the state’s 



population. These impacts also disproportionately affect younger Californians including 



millennials (the majority of whom are minorities), as well as workers without college degrees. 



53. In short, in the midst of California’s unprecedented housing, homeless, poverty 



and transportation crisis, CARB adopted a 2017 Scoping Plan which imposes still higher housing, 



transportation and electricity costs on Californians. CARB did so without disclosing or assessing 



the economic consequences or the significant adverse environmental consequences of its GHG 



Housing Measures on California residents.  



54. In doing so, CARB again affirmed its now-wanton and flagrant pattern of violating 



CEQA—a pattern consistent with what an appellate court termed “ARB’s lack of good faith” in 



correcting earlier CEQA violations as ordered by the courts. 



55.   The GHG Housing Measures have a demonstrably disproportionate adverse 



impact on already-marginalized minority communities and individuals, including but not limited 



to Petitioners LETICIA RODRIGUEZ, TERESA MURILLO and EUGENIA PEREZ, who are 



Latina residents of Fresno County that are personally, directly and disproportionately adversely 



affected by the affordable housing shortage and the future exacerbation of that shortage if the 



GHG Housing Measures are allowed to remain in effect.  



56. The Legislature has recognized the equal right to access to housing, inter alia, in 



the California Fair Employment and Housing Act (Gov. Code § 12900 et seq.) (“FEHA”). FEHA 



                                                 
51 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
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§ 12921(b) provides that: “The opportunity to seek, obtain, and hold housing without 



discrimination because of race, color, . . . source of income . . . or any other basis prohibited by 



Section 51 of the Civil Code is hereby recognized and declared to be a civil right.” 



57. California’s housing crisis is particularly acute, and has long-lasting adverse 



impacts. As the Director of the California Department of Housing and Community Development, 



Ben Metcalf, recently reported: “Research has been unequivocal in supporting two undeniable 



conclusions: Low-income households paying more than half their income in rent have profoundly 



reduced expenditures on food, retirement, health care, and education compared with non–rent-



burdened households. And children growing up in neighborhoods of concentrated poverty are 



more likely to have psychological distress and health problems.”52 



58. The 2017 Scoping Plan is also violative of the due process and equal protection 



clauses of the California and U.S. Constitutions (Cal. Const. Art. I, § 7, U.S. Const., Amd. 14, § 



1). Accordingly, Petitioners in this action seek declaratory and injunctive relief from these 



violations pursuant to 42 U.S.C. § 1983. The GHG Housing Measures are thus unconstitutional 



on their face and as applied to Petitioners.   



59. While the unlawful and unconstitutional disparate impact of the GHG Housing 



Measures on minority communities, including Petitioners, is the most egregious feature of the 



regulations, there are numerous other flaws, each of which is fatal to the 2017 Scoping Plan and 



the GHG Housing Measures. As detailed herein, these include violations of CEQA, the APA, the 



GWSA, the California Health and Safety Code, including the California Clean Air Act (H&S 



Code § 39607 et seq.) (“CCAA”), and  the California Congestion Management Act (Gov. Code § 



65088 et seq.).  Moreover, CARB has acted in excess of its statutory authority (ultra vires).  



60. The GHG Housing Measures are unlawful both procedurally (because they were 



adopted in violation of numerous statutory requirements, including but not limited to CEQA) and 



substantively (because they frustrate and violate a wide range of state and federal laws and 



regulations prohibiting housing regulations that have an unjustified discriminatory effect).  



                                                 
52 Donna Kimura, Pop Quiz with Ben Metcalf, Affordable Housing Finance (July 8, 2016), 
http://www.housingfinance.com/news/pop-quiz-with-ben-metcalf_o. 
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61. California’s commitment to climate leadership does not require or allow CARB to 



violate the civil rights of California’s minority communities, or constitutional and statutory 



mandates for clean air, fair housing, historic preservation, consumer protection, transportation 



mobility, CEQA, or administrative rulemaking. 



62. With climate change repeatedly described as a “catastrophe” that could destroy 



civilizations, perhaps it is necessary for CARB to plunge more of California’s minority residents 



into poverty and homelessness. If so—if climate change requires that the state ignore civil rights, 



federal and state clean air, fair housing, transportation and consumer protection mandates, and 



ignore the administrative law checks and balances that require a thorough environmental and 



economic assessment of regulatory proposals—then this is a conclusion that may only be 



implemented by the Legislature, to the extent it can do so consistent with the California and 



federal Constitutions.  



63. For this reason, this action seeks declaratory and injunctive relief setting aside the 



four GHG Housing Measures, each of which places a disproportionate burden on California’s 



minority community members, including Petitioners, and for the court to direct CARB to 



complete a thorough economic and environmental analysis prior to adopting any new regulations 



or taking other actions to implement the 2017 Scoping Plan, and to return to this court with a 



revised Scoping Plan that complies with state and federal law.  



II. JURISDICTION AND VENUE 



64. This Court has jurisdiction over this proceeding pursuant to California Code of 



Civil Procedure (“CCP”) §§ 410.10, 1085, 1094.5, 526, et seq. and 1060. Defendants are subject 



to personal jurisdiction because their new GHG Housing Measures would, if allowed to remain in 



effect, pertain to Petitioners and others located within the County of Fresno. Defendants may be 



properly be served here, and jurisdiction and venue are proper here under CCP § 401, because 



Defendants are being sued in their official capacities as members of an agency of the State of 



California, and the Attorney General maintains an office in Fresno, California and the GHG 



regulations complained of herein have an effect in, and apply in, the County of Fresno, California. 
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III. PARTIES 



65. Petitioners/Plaintiffs THE TWO HUNDRED are a California-based 



unincorporated association of community leaders, opinion makers and advocates working in 



California (including in Fresno County) and elsewhere on behalf of low income minorities who 



are, and have been, affected by California’s housing crisis and increasing wealth gap.53  



66. The Two Hundred is committed to increasing the supply of housing, to reducing 



the cost of housing to levels that are affordable to California’s hard working families, and to 



restoring and enhancing home ownership by minorities so that minority communities can also 



benefit from the family stability, enhanced educational attainment over multiple generations, and 



improved family and individual health outcomes, that white homeowners have long taken for 



granted. The Two Hundred includes civil rights advocates who each have four or more decades of 



experience in protecting the civil rights of our communities against unlawful conduct by 



government agencies as well as businesses. 



67. The Two Hundred supports the quality of the California environment, and the need 



to protect and improve public health in our communities. 



68. The Two Hundred have for many decades watched with dismay decisions by 



government bureaucrats that discriminate against and disproportionately harm minority 



communities. The Two Hundred have battled against this discrimination for entire careers, which 



for some members means working to combat discrimination for more than 50 years. In litigation 



and political action, The Two Hundred have worked to force two government bureaucrats to 



reform policies and programs that included blatant racial discrimination—by for example denying 



minority veterans college and home loans and benefits that were available to white veterans, and 



promoting housing segregation as well as preferentially demolishing homes in minority 



communities.  



69. The Two Hundred sued and lobbied and legislated to force federal and state 



agencies to end redlining practices that denied loans and insurance to aspiring minority home 



                                                 
53 See www.the200leaders.org. 
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buyers and small businesses. The Two Hundred sued and lobbied to force regulators and private 



companies to recognize their own civil rights violations, and end discriminatory services and 



practices, in the banking, telecommunication, electricity, and insurance industries. 



70. The Two Hundred have learned, the hard way, that California’s purportedly 



liberal, progressive environmental regulators and environmental advocacy group lobbyists are as 



oblivious to the needs of minority communities, and are as supportive of ongoing racial 



discrimination in their policies and practices, as many of their banking, utility and insurance 



bureaucratic peers.  



71. Several years ago, The Two Hundred waged a three year battle in Sacramento to 



successfully overcome state environmental agency and environmental advocacy group opposition 



to establishing clear rules for the cleanup of the polluted properties in communities of The Two 



Hundred, and experienced first-hand the harm caused to those communities by the relationships 



between regulators and environmentalists who financially benefited from cleanup delays and 



disputes instead of creating the clear, understandable, financeable, insurable, and equitable rules 



for the cleanup and redevelopment of the polluted properties that blighted these communities. 



72. THE TWO HUNDRED’s members include, but are not limited to, members of and 



advocates for minority communities in California, including the following: 



 Joe Coto- Joe Coto is Chair of THE TWO HUNDRED. Mr. Coto is an American 



educator, city council member, and Democratic politician. From 2004-2010, he 



was a member of the California State Assembly, representing the 23rd Assembly 



District. He served as Chair of the Assembly’s Insurance committee, and held 



positions on the Elections and Redistricting, Governmental Organization, and 



Revenue and Taxation committees. He also served on the Special committee on 



Urban Education. Coto served as Chair of the 26 member Latino Legislative 



Caucus for a 2-year term, and as Vice Chair for a 2-year term..  



 John Gamboa – John Gamboa is Vice-Chair of THE TWO HUNDRED. Mr. 



Gamboa is the former Executive Director of the Greenlining Institute and has 



experience in academia, the private sector and the non-profit sector. Prior to the 
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Greenlining Institute, he was Executive Director of Latino Issues Forum, 



Communications Manager at U.C. Berkeley, Executive Director of Project 



Participar, a citizenship program, and Marketing and Advertising Manager at 



Pacific Bell. At the Greenlining Institute, Mr. Gamboa focuses on public policy 



issues that promote economic development in urban and low-income areas, and in 



developing future leaders within the country’s minority youth. He has been active 



in combating redlining and in providing a voice for the poor and underserved in 



insurance, philanthropy, banking, housing, energy, higher education and 



telecommunications. He has served on numerous boards and commissions. 



 Cruz Reynoso – Cruz Reynoso, now retired, formerly served as Legal Counsel for 



THE TWO HUNDRED. Mr. Reynoso has dedicated his life to public service 



championing civil rights, immigration and refugee policy, government reform, and 



legal services for the poor. Mr. Reynoso began his career in private practice then 



moved to public service  as the assistant director of the California Fair 



Employment Practices Commission, the associate general counsel of the Equal 



Employment Opportunity Commission, and head of the California Rural Legal 



Assistance (CRLA). Mr. Reynoso was a faculty member at the University of New 



Mexico School of Law and in 1976, he was appointed associate justice of the 



California Courts of Appeal. In 1982, he became the first Latino to be appointed 



an associate justice of the California Supreme Court. Mr. Reynoso later returned to 



private practice, and resumed his teaching career by joining the UCLA School of 



Law and then the UC Davis School of Law. Mr. Reynoso has served as Vice Chair 



of the U.S. Commission on Civil Rights, was a member of the Select Commission 



on Immigration and Human Rights, and received the Presidential Medal of 



Freedom.  



 José Antonio Ramirez – José Antonio Ramirez is a Council Member of THE TWO 



HUNDRED. He has dedicated his life to public service, especially for the residents 
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of the Central Valley, seeking to improve economic vitality, strengthen community 



life, and increase educational opportunities and housing affordability for all 



Californians, including disadvantaged members of the Latino community. He 



currently serves as President of Community Development Inc. and as City 



Manager for the City of Livingston. He was previously Program Manager, 



International Affairs Coordinator and Security Engineer and Emergency 



Management Coordinator for the U.S. Bureau of Reclamation. He served on the 



San Joaquin River Resource Management board, the Valley Water Alliance Board 



and as Chairman of the Technical Review Boards for Merced and Fresno County.  



 Herman Gallegos – Herman Gallegos is a Council Member of THE TWO 



HUNDRED. He has provided active leadership in a wide variety of community, 



corporate and philanthropic affairs spanning local, national and international 



interests. As a pioneer civil rights activist in the early 1950s, Gallegos was a leader 



in the formation of the Community Service Organization, a civil rights-advocacy 



group organized to promote the empowerment and well-being of Latinos in 



California. In 1965, while serving as a Consultant to the Ford Foundation’s 



National Affairs Program, Gallegos, with Dr. Julian Samora and Dr. Ernesto 



Galarza, made an assessment with recommendations on how the foundation might 



initiate support to address the critical needs of the rapidly growing Latino 



population in the U.S.. As a result, he was asked to organize a new conduit for 



such funds—the Southwest Council of La Raza, now the National Council of La 



Raza. Gallegos went on to become the council’s founding executive director. 



Gallegos also served as CEO of several business firms, including the U. S. Human 



Resources Corporation and Gallegos Institutional Investors Corporation. He 



became one of the first Latinos elected to the boards of publicly traded 



corporations and the boards of preeminent private and publicly supported 



philanthropic organizations, such as the Rockefeller Foundation, The San 



Francisco Foundation, The Poverello Fund and the California Endowment.  
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 Hyepin Im – Hyepin Im is a Council Member of THE TWO HUNDRED. She 



currently serves as the Founder and President of Korean Churches for Community 



Development (KCCD) whose mission is to help churches build capacity to do 



economic development work. Under Ms. Im’s leadership, KCCD has implemented 



a historic homeownership fair in the Korean community, a Home Buyer Center 



Initiative with Freddie Mac, a national database and research study on Korean 



American churches, and ongoing training programs. Previously, Ms. Im was a 



venture capitalist for Renaissance Capital Partners, Sponsorship and Community 



Gifts Manager for California Science Center, a Vice President with GTA 



Consulting Company, and a Consultant and Auditor with Ernst & Young LLP. Ms. 



Im serves on the Steering Committee of Churches United for Economic 



Development, as Chair for the Asian Faith Commission for Assemblymember 



Herb Wesson, and has served as the President of the Korean American Coalition, 



is a member of the Pacific Council, was selected to be a German Marshall Fund 



American Memorial Marshall Fellow, and most recently, was selected to take part 



in the Harvard Divinity School Summer Leadership Institute.  



 Don Perata – Don Perata is a Council Member of THE TWO HUNDRED. Mr. 



Perata began his career in public service as a schoolteacher. He went on to serve 



on the Alameda County Board of Supervisors (1986-1994) and the California State 



Assembly (1996-1998). In 1998, he was elected to the California State Senate and 



served as president pro tem of the Senate from 2004-2008. As president pro tem, 



Mr. Perata oversaw the passage of AB 32, California’s cap and trade regulatory 



scheme to reduce greenhouse gases. Mr. Perata has guided major legislation in 



health care, in-home services, water development and conservation and cancer, 



biomedical and renewable energy. Mr. Perata has broad experience in water, 



infrastructure, energy, and environmental policies, both as an elected official and a 



consultant. He is versed in the State Water Project, Bay Delta restoration, 
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renewable energy, imported water and water transfers, recycling, conservation, 



groundwater regulation, local initiative, storage and desalination. 



 Steven Figueroa – Steven Figueroa is a Council Member of THE TWO 



HUNDRED. He was born in East L. A., with a long history in California. Working 



on his first political campaign at age nine he learned that if you want change you 



have to be involved. As an adult he was involved in the labor movement through 



the California School Employees Association and later as a union shop steward at 



the U.S.P.S. A father of three, Steven has been advocating for children with 



disabilities for 30 years, beginning in 1985, for his own son, who is autistic. He 



took the Hesperia School District to court for violating his disabled son’s rights 



and prevailed. He advocates for disabled children throughout the United States, 



focusing on California. Currently, he serves as president of the Inland Empire 



Latino Coalition and sits on the advisory boards of California Hispanic Chambers 



of Commerce, the National Latina Business Women Association Inland Empire 



the Disability Rights and Legal Center Inland Empire, and as Executive Director 



for Latin PBS. He previously served as the vice president of the Mexican 



American Political Association Voter Registration & Education Corp.  



 Sunne Wright McPeak – Sunne McPeak is a Council Member of THE TWO 



HUNDRED. She is the President and CEO of the California Emerging Technology 



Fund, a statewide non-profit whose mission is to close the Digital Divide by 



accelerating the deployment and adoption of broadband. She previously served for 



three years as Secretary of the California Business, Transportation and Housing 



Agency where she oversaw the largest state Agency and was responsible for more 



than 42,000 employees and a budget in excess of $11 billion. Prior to that she 



served for seven years as President and CEO of the Bay Area Council, as the 



President and CEO of the Bay Area Economic Forum, and for fifteen years as a 



member of the Contra Costa County Board of Supervisors. She has led numerous 



statewide initiatives on a variety of issues ranging from water, to housing, to child 
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care, and served as President of the California State Association of Counties in 



1984. She was named by the San Francisco League of Women Voters as “A 



Woman Who Could Be President.” She also served on the Boards of Directors of 



First Nationwide Bank and Simpson Manufacturing Company.  



 George Dean – George Dean is a Council Member of THE TWO HUNDRED. Mr. 



Dean has been President and Chief Executive Officer of the Greater Phoenix 



Urban League since 1992. As such, he has brought a troubled affiliate back to 



community visibility, responsiveness and sound fiscal accountability. Mr. Dean, a 



former CEO of the Sacramento, California and Omaha, Nebraska affiliates boasts 



more than 25 years as an Urban League staff member. His leadership focuses on 



advocacy toward issues affecting the African-American and minority community, 



education, training, job placement and economic development. Mr. Dean annually 



raises more than 3 million dollars from major corporations, local municipalities 



and state agencies for the advancement of minority enterprises, individuals, 



families and non-profits. Mr. Dean is nationally recognized in the field of minority 



issues and advancement, and affordable housing. 



 Joey Quinto – Joey Quinto is a Council Member of THE TWO HUNDRED. Mr. 



Quinto’s has made many contributions to the advancement of the API community. 



He began his professional career as a mortgage banker. As a publisher, his weekly 



newspaper advances the interests of the API community and addresses local, 



consumer and business news, and community events. He is a member of several 



organizations including the Los Angeles Minority Business Opportunity 



Committee and The Greenlining Coalition. Mr. Quinto is the recipient of the 



Award for Excellence in Journalism during the Fourth Annual Asian Pacific 



Islander Heritage Awards in celebration of the Asian Pacific Islander American 



Heritage Month. He was also listed among the Star Suppliers of the Year of the 



Southern California Regional Purchasing Council, received the Minority Media 
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Award from the U.S. Small Business Administration, and earned a leadership 



award from the Filipino American Chamber of Commerce based in Los Angeles. 



 Bruce Quan, Jr. – Bruce Quan is a Council Member of THE TWO HUNDRED. 



Mr. Quan is a fifth generation Californian whose great grandfather, Lew Hing 



founded the Pacific Coast Canning Company in West Oakland in 1905, then one 



of the largest employers in Oakland. Bruce attended Oakland schools, UC 



Berkeley, and Boalt Hall School of Law. At Berkeley, he was a community 



activist for social justice, participated in the Free Speech Movement and the 



Vietnam Day Committee and was elected student body president. In 1973, he was 



chosen as one of three students to clerk for the Senate Watergate Committee and 



later returned to Washington to draft the “Cover-up” and “Break-in” sections of 



the committee’s final report. He worked in the Alameda’s City Attorney office, his 



own law practice advising Oakland’s Mayor Lionel Wilson on economic 



development issues in Chinatown and serving Mayor Art Agnos as General 



Counsel for the San Francisco-Shanghai Sister City Committee and the San 



Francisco-Taipei Sister City Committee. In 2000, he moved to Beijing, continued 



his law practice, worked as a professor with Peking Law School, and became 



senior of counsel with Allbright Law Offices. Now in Oakland, he has reengaged 



in issues affecting the Chinese community and on issues of social justice, public 



safety and economic development in Oakland. 



 Robert J. Apodaca – Robert Apodaca is a Council Member of THE TWO 



HUNDRED. He is a Founder of ZeZeN Advisors, Inc., a boutique financial 



services firm that connects institutional capital with developers and real estate 



owners. He has a 45-year career that spans private and public sectors. He was 



Chairman and Trustee of Alameda County Retirement Board (pension fund) and 



then joined Kennedy Associates, an institutional investor for pension funds as 



Senior Vice President & Partner. He represented Kennedy Companies on Barings 



Private Equity’s “Mexico Fund” board of directors. He later joined McLarand 
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Vasquez Emsiek & Partners, a leading international architectural and planning 



firm, as Senior Vice President of Business Development. He currently serves on 



numerous board of directors including Jobs and Housing Coalition, Greenlining 



Institute, California Community Builders and California Infill Federation. 



 Ortensia Lopez – Ortensia Lopez is a Council Member of THE TWO HUNDRED. 



She is a nationally recognized leader in creating coalitions, collaboratives and 



partnerships, resulting in innovative initiatives that ensure participation for low-



income communities. Ms. Lopez has worked in the non-profit sector for over 



forty-one years in executive management positions. She is the second of 11 



children born to parents from Mexico and the first to graduate from college. She 



currently serves on the California Public Utilities Commission’s Low-Income 



Oversight Board, as Co-Chairperson and founding member of the Greenlining 



Institute, as Vice-President Chicana/Latina Foundation, as Director of Comerica 



Advisory Board, and on PG&E’s Community Renewables Program Advisory 



Group. Ms. Lopez has earned numerous awards, including Hispanic Magazine’s 



“Hispanic Achievement Award”, San Francisco’s “ADELITA Award”, the 



prestigious “Simon Bolivar Leadership Award”, the League of Women Voters of 



San Francisco “Woman Who Could Be President” award, California Latino Civil 



Rights Network award, and the Greenlining Lifetime Achievement. 



 Frank Williams – Frank Williams is a Council Member of THE TWO 



HUNDRED. He is an established leader in the mortgage banking industry, with 



over 25 years of experience, and is an unwavering advocate for creating wealth 



through homeownership for underrepresented communities. Frank began his real 



estate finance career in 1990, emphasizing Wholesale Mortgage Banking. He 



founded Capital Direct Funding, Inc. in 2009. Today, as Co-founder and 



Divisional Manager, Mr. Williams has made Capital Direct Funding into 



California’s premier private lending firm. Capital Direct Funding’s foundations are 



built on giving back to the community by supporting several non-profits. He 
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currently serves as President of East LA Classic Theater, a non-profit that works 



with underserved school districts in California. Frank was also Past President for 



Los Angeles’ National Association of Hispanic Real Estate Professionals.  



 Leticia Rodriguez  -  Leticia Rodriguez is a resident of Fresno County, California. 



She is a low-income single mother and Latina who suffers ongoing personal harm 



from the severe shortage of housing that is affordable to working-class families. 



Within the last three years, she has spent more than 30% of her income on rent. 



She has been forced to move into her parents’ home because she cannot afford a 



decent apartment for herself and her family. 



● Teresa Murillo – Teresa Murillo is a resident of the City of Parlier in Fresno 



County, California. She is a young Latina with a low income. In recent years, she 



has spent approximately 30% of her income on housing. She currently is unable to 



afford a decent apartment and has been forced to move back in with her parents. 



● Eugenia Perez – Eugenia Perez is a resident of Fresno County, California. She is a 



Latina grandmother. The majority of her income goes to pay rent. She currently is 



renting a room on E. Fremont Avenue in Fresno. She struggles to pay rent and 



lives in fear of becoming homeless if housing prices and rent continue to increase.  



73. Defendant CALIFORNIA AIR RESOURCES BOARD is an agency of the State 



of California. On information and belief, current members of the CALIFORNIA AIR 



RESOURCES BOARD are: Mary D. Nichols, Sandra Berg, John R. Balmes, Hector De La Torre, 



John Eisenhut, Dean Flores, Eduardo Garcia, John Gioia, Ricardo Lara, Judy Mitchell, Barbara 



Riordan, Ron Roberts, Phil Serna, Alexander Sherriffs, Daniel Sperling, and Diane Takvorian. 



74. Defendant RICHARD COREY, sued herein in his official capacity, is Executive 



Officer of the CALIFORNIA AIR RESOURCES BOARD. 



75. Petitioners are ignorant of the true names or capacities of the defendants sued 



herein under the fictitious names DOES 1 through 20 inclusive. When their true names and 



capacities are ascertained, Petitioners will amend this Petition/Complaint to show such true names 



and capacities. Petitioners are informed and believe, and thereon allege, that DOES 1 through 20, 





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "-31"
[New text]: "-31-FIRST AM."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "WRIT/COMPLAINT"
[New text]: "WRIT/COMP."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "DECL./INJUNCTIVE"
[New text]: "DECL./INJ."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "12345678910111213141516171819202122232425262728"
[New text]: "18CECG01494"
The following text attributes were changed: 
   font











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-32- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



inclusive, and each of them, are agents or employees of one or more of the named Defendants 



responsible, in one way or another, for the promulgation and prospective enforcement of the 



GHG Housing Measures sought to be invalidated and set aside herein. 



IV. GENERAL ALLEGATIONS 



A. California’s Statutory Scheme To Reduce Greenhouse Gas Emissions and 



Avoid Disparate Impacts  



76. As part of developing solutions to global warming, the California Legislature 



adopted the California Global Warming Solutions Act of 2006 (otherwise known as “AB 32” or 



the “GWSA”) and established the first comprehensive greenhouse gas regulatory program in the 



United States. H&S Code § 38500 et seq.    



77. Under AB 32, CARB is the state agency charged with regulating and reducing the 



sources of emissions of GHGs that cause global warming. H&S Code § 38510.  



78. AB 32 required CARB to set a statewide GHG emissions limit equivalent to 



California’s 1990 GHG emissions to be achieved by 2020. H&S Code § 38550. 



79. AB 32 also required CARB to prepare, approve, and periodically update a scoping 



plan detailing how it would achieve the maximum technologically feasible and cost-effective 



GHG emissions reductions by 2020. H&S Code § 38561(a). The scoping plan is required to 



identify and make recommendations on direct emissions reductions measures, alternative 



compliance mechanisms, market-based compliance mechanisms, and potential monetary and 



nonmonetary incentives for sources to achieve reductions of GHGs by 2020. H&S Code               



§ 38561(b). The scoping plan must be updated at least every five years. H&S Code § 38561(h). 



80. In adopting a scoping plan, CARB must evaluate the total potential costs and total 



potential benefits of the plan to California’s economy, environment, and public health. H&S Code 



§ 38561(d). 



81. Each scoping plan update also must identify, for each emissions reduction 



measure, the range of projected GHG emissions reductions that result from the measure, the range 



of projected air pollution reductions that result from the measure, and the cost-effectiveness, 



including avoided social costs, of the measure. H&S Code § 38562.7. 
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82. The initial scoping plan54 was discussed in public hearings on or about December 



11, 2008. The initial scoping plan was adopted by CARB on or about May 7, 2009.  



83. On or about December 23, 2009, the initial scoping plan was challenged in the 



Superior Court for the City and County of San Francisco for failing to meet the statutory 



requirements of AB 32, the APA, and CEQA. The superior court accepted the challenge in part 



and the appeal was thereafter resolved after a further environmental document was filed.55  



84. The Low Carbon Fuel Standard (“LCFS”) was an early action item under AB 32. 



The LCFS was adopted on or about November 25, 2009 by CARB’s executive officer. CARB’s 



action to adopt the LCFS also was challenged for CEQA and APA violations. On or about 



November 2011, the Superior Court of Fresno County found that CARB had not violated the 



APA or CEQA.  On or about July 15, 2013 the Fifth District Court of Appeal reversed the 



superior court’s judgment and ordered it to issue a preemptory writ of mandate ordering CARB to 



revise and recertify its environmental assessment to meet CEQA’s standards.56  



85. The first update to the scoping plan57 was adopted on or about May 22, 2014.  



86. Thereafter, on or about May 30, 2017, the Fifth District Court of Appeal again 



found that CARB had violated CEQA and the APA, and that it had not acted in good faith in 



responding to certain of the Court’s prior orders.58 Specifically, the court found that CARB 



violated CEQA in deferring its analysis and mitigation of potential increases in nitrogen oxide 



emissions resulting from impacts of the LCFS regulations. 



                                                 
54 California Air Resources Board, Climate Change Scoping Plan (Dec. 2008), 
https://www.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf. 
55 Ass’n. of Irritated Residents v. Cal. Air Res. Bd., 2011 WL 8897315 (Cal. Super. May 20, 
2011) (approving challenges to alternatives analysis and improper “pre-approval” under CEQA) 
and Ass’n. of Irritated Residents v. Cal. Air Res. Bd. (2012) 206 Cal.App.4th 1487. 
56 POET, LLC v. California Air Resources Board (2013) 217 Cal.App.4th 1214 (holding that 
CARB prematurely approved the LCFS and improperly deferred analysis and mitigation of 
potential NOx emissions increased by the rule). 
57 California Air Resources Board, First Update to the Climate Change Scoping Plan (May 2014), 
https://www.arb.ca.gov/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.
pdf. 
58 POET, LLC v. State Air Resources Board (2017) 12 Cal.App. 5th 52. 
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87. In 2016, the California Legislature adopted SB 32, which required CARB to 



ensure that rules and regulations adopted pursuant to the GWSA would target California’s GHG 



emissions for reductions of 40% below 1990 levels by 2030. H&S Code § 38566. 



88. AB 32 requires CARB to update the scoping plan at least every five years. CARB 



superseded its 2014 Scoping Plan with the current 2017 Scoping Plan adopted on December 14, 



2017. The 2017 Scoping Plan contains the new GHG Housing Measures complained of herein.59   



89. Between December, 2017 and mid-April, 2018, Petitioners, through counsel, 



sought to persuade CARB to eliminate or materially modify the four new GHG Housing 



Measures complained of herein, without success. During this time, the parties entered into a series 



of written tolling agreements that were continuously operative until April 30, 2018.    



 



B. The 2017 Scoping Plan  



90. Throughout 2016 and 2017, CARB prepared the 2017 Scoping Plan. CARB held 



meetings on or about January 27, 2017, February 16-17, 2017 and December 14, 2017 to accept 



public comment on the proposed 2017 Scoping Plan. 



91.  Because the Scoping Plan is both sweeping and vague, and because it was not 



preceded by a notice of proposed rulemaking, Petitioners THE TWO HUNDRED, et al. did not 



initially appreciate the significance of the new GHG regulations and standards embedded in the 



2017 Scoping Plan by CARB staff.  



92. Petitioners submitted a detailed letter commenting on the 2017 Scoping Plan on 



December 11, 2017, in advance of CARB’s meeting to vote on the 2017 Scoping Plan.60 The 



letter included extensive citations to documents and publications analyzing California’s ongoing 



housing crisis and the disproportionate impact of the worsening housing shortage on marginalized 



minority communities.  



                                                 
59 California Air Resources Board, The 2017 Climate Change Scoping Plan Update (Jan. 20, 
2017), https://www.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdf. 
60 The Two Hundred Comment Letter dated Dec. 11, 2017, can be found in the Supplemental 
Responses to Comments on the Environmental Analysis Prepared for the Proposed Strategy for 
Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 74, 
https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf 
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93. On December 14, 2017, CARB adopted the 2017 Scoping Plan. 



94. While the 2017 Scoping Plan is replete with protestations to the effect that it is 



only providing “guidance” rather than a “directive or mandate to local governments” (see, e.g., 



Scoping Plan, p. 99), it is plain that CARB’s pronouncements on the GHG Housing Measures, by 



their nature, will be given the force and effect of law. Numerous courts have stated that when an 



agency has specific expertise in an area and/or acts as lead or responsible agency under CEQA, 



and publishes guidance, that guidance must be taken into consideration and will be given heavy 



weight. 



95.  In California Building Industry Assn. v. Bay Area Air Quality Mgmt. Dist. (2016) 



2 Cal.App.5th 1067, 1088, the court rejected the notion that the District’s CEQA guidelines were 



a nonbinding, advisory document. The court stated that the guidelines suggested a routine 



analysis of air quality in CEQA review and were promulgated by an air district that acts as either 



lead or responsible agency on projects within its jurisdictional boundaries.  



96. In addition, in Center for Biological Diversity v. Cal. Dept. of Fish and Wildlife 



(2015) 62 Cal.4th 204, 229, the court recognized the value of “performance based standards” as 



CEQA thresholds, as outlined in the Scoping Plan or other authoritative body of regulations.  



97. Further, in Cleveland Nat. Forest Foundation, et al v. San Diego Assoc. of 



Governments (2017) 3 Cal.5th 497, 515, the court held that even though the 2050 Executive 



Order was not an adopted GHG reduction plan and there was no legal requirement to use it as a 



threshold of significance, that was not dispositive of the issue. Although lead agencies have 



discretion in designing an Environmental Impact Report (“EIR”) under CEQA, the court stated 



that the exercise of that discretion must be “based to the extent possible on scientific and factual 



data” and thus the scientific basis for the Executive Order’s and CARB’s emission reduction 



goals must be considered in a CEQA analysis. 



98. Thus, because CEQA documents must take a long term view of GHG compliance 



and because of the deference and weight other agencies are required to give to CARB guidance, 



the measures alleged to be “guidance” are in reality self-implementing regulations having an 



immediate “as applied” effect. 
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99. The LAO also has recognized that CARB’s Scoping Plans include “a wide variety 



of regulations intended to help the state meet its GHG goal…”61  



C. CARB’s Improper “Cumulative Gap” Reduction Requirement 



100. In AB 32, the Legislature directed CARB to reduce statewide GHG emissions to 



1990 levels by 2020 via measures in the first Scoping Plan. This legislative mandate is simple and 



uncontested. CARB concluded that California’s GHG emissions were 431 million metric tons of 



carbon dioxide equivalent (“MMTCO2e”) in 1990.  



101. SB 32 established the more stringent mandate of reducing GHG emissions to 40% 



below 1990 levels by 2030, even though California’s population and economic activities are 



expected to continue to increase during this period. The 2030 Target is simple math: 40% below 



431 MMTCO2e equals 258.6 MMTCO2e.62 Thus, the 2017 Scoping Plan created measures to 



reduce statewide emissions to 260 MMTCO2e by 2030. 



102. The 2017 Scoping Plan first evaluates the “Reference Scenario”, which is the 



emissions expected in 2030 by continuing “Business as Usual” and considering existing legal 



mandates to reduce GHG emissions that have been implemented, but without adopting any new 



GHG reduction measures. The Scoping Plan concludes that in this scenario California’s GHG 



.emissions will fall to 389 MMTCO2e by 2030.   



103. Because numerous GHG reduction mandates are being phased in over time, CARB 



also evaluated a “Known Commitments Scenario” (which CARB confusingly named the 



“Scoping Plan Scenario”) which estimates GHG emissions in 2030 based on compliance with all 



legally required GHG reduction measures, including those that have not yet been fully 



implemented. Under the “Known Commitments Scenario” the 2017 Scoping Plan concludes that 



California’s GHG emissions will fall to 320 MMTCO2e by 2030.   



                                                 
61 LAO, Cap-and-Trade Revenues: Strategies to Promote Legislative Priorities (Jan. 21, 2016), 
http://www.lao.ca.gov/reports/2016/3328/cap-trade-revenues-012116.pdf, at p. 5-6. 
62 CARB generally rounds this to 260 MMTCO2e. 
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104. Given that SB 32 required a reduction to 260 MMTCO2e, this left a gap of 60 



MMTCO2e for which CARB was required to identify measures in the 2017 Scoping Plan in the 



“Known Commitments Scenario” and 129 MMTCO2e in the “Reference Scenario”. 



105. CARB declined to comply with this legislated mandate, and instead invented a 



different “cumulative gap” reduction requirement which requires far more GHG emission 



reductions.  



106. Neither the Scoping Plan nor any of its appendices explain how this “cumulative 



gap” reduction requirement was derived, and the methodology and assumptions CARB used can 



only be located in one of several modeling spreadsheets generally referenced in the plan. 



107. CARB’s unlegislated “cumulative gap” requirement is based on the unsupportable 



assumption that state emissions must decline in a fixed trajectory from 431 MMTCO2e in 2020 to 



258.6 MMTCO2e in 2030 despite the fact that SB 32 does not require that the state reach the 



2030 Target in any specific way. CARB arbitrarily created the “cumulative gap” requirement by 



summing the annual emissions that would occur from 2021-2030 if emissions declined in a 



straight line trajectory, which totaled 3,362 MMTCO2e, as follows: 



 



Annual emissions based 
on a straight line 
trajectory from 2020 to 
2030 (MMTCO2e) 



2020                 431.0  



2021                 413.8  



2022                396.5  



2023                 379.3  



2024                 362.0  



2025                 344.8  



2026                 327.6  



2027                 310.3  



2028                 293.1  



2029                 275.8  



2030                258.6  



2021-2030 
Cumulative 
Emissions                   3,362  
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108. CARB then summed the annual emissions projected to occur from 2021-2030 



under the “Reference Scenario” without the implementation of the measures included in the 



“Known Commitments Scenario,” as 3,982 MMTCO2e.  



109. CARB then subtracted the cumulative “Reference Scenario” emissions (3,982 



MMTCO2e) from the cumulative emissions based on the straight line trajectory (3,362 



MMTCO2e) and illegally used the difference, 621 MMTCO2e, as a new, unlegislated GHG 



“cumulative gap” reduction requirement. 



Year 



“Reference 
Scenario” Annual 



Emissions 
(MMTCO2e) 



2020                 415.8  



2021                 411.0  



2022                 405.5  



2023                 400.3  



2024                 397.6  



2025                 398.7  



2026                 396.8  



2027                 395.5  



2028                 394.4  



2029                 393.9  



2030                 388.9  



2021-2030 Cumulative 
Emissions                   3,982  



Difference from Straight Line 
Cumulative Emissions Total                      621  



110. Scoping Plan Figure 7, for example, is titled “Scoping Plan Scenario – Estimated 



Cumulative GHG Reductions by Measure (2021–2030).” The identified measures show the 



amount of reductions required to “close” the 621 MMTCO2e GHG “cumulative gap” CARB 



invented from the difference in cumulative emissions from 2021-2030 between a hypothetical 



straight line trajectory to the 2030 Target and the “Reference Scenario” projections.  
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111. Figure 8 of the Scoping Plan and associated text provide an “uncertainty analysis 



to examine the range of outcomes that could occur under the Scoping Plan policies and measures” 



which is entirely based on the 621 MMTCO2e GHG “cumulative gap” metric.63  



112. CARB also calculated that the cumulative annual emissions projected to occur 



under the “Known Commitments Scenario” from 2021-2030 would be 3,586 MMTCO2e and 



subtracted this amount from the cumulative emissions generated by the straight line trajectory 



(3,362 MMTCO2e). The difference is 224 MMTCO2e, which is incorrectly shown as 236 



MMTCO2e in Table 3 of the Scoping Plan and in the text following Table 3. CARB illegally 



characterized the 224 MMTCO2 difference as the “cumulative emissions reduction gap” in the 



“Known Commitments Scenario” in the Scoping Plan and evaluated the need for additional 



measures on the basis of “closing” this unlegislated and unlawful “cumulative gap”. 



 



Year 



“Known 
Commitments 



Scenario” Annual 
Emissions 



(MMTCO2e) 



2020                 405.5  



2021                 396.8  



2022                 387.1  



2023                 377.6  



2024                 367.4  



2025                 362.7  



2026                 354.4  



2027                 347.1  



2028                 340.4  



2029                331.8  



2030                 320.4  



2021-2030 Cumulative 
Annual Emissions                   3,586  



Difference from Straight 
Line Cumulative Emissions 
Total                      224  



                                                 
63 The analysis discussion references Scoping Plan Appendix E for more details. 
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113. The California legislature in no way authorized CARB to invent a “cumulative 



gap” methodology based on an unreasonable and arbitrary straight line trajectory from 2020 to 



the 2030 Target, which counted each year’s shortfall against the 2030 Target and then added all 



such shortfalls to inflate reduction needed from the 129 and 60 MMTCO2e (depending on 



scenario) required by the 2030 Target to the 621 and 224 MMTCO2e “cumulative gap” 



requirements.   



114. SB 32 does not regulate cumulative emissions and only requires that the 2030 



Target of 260 MMTCO2e be achieved by 2030. CARB’s own analysis shows that existing legal 



requirements will reduce emissions to 320 MMTCO2e in 2030. At most, CARB was authorized to 



identify measures in the Scoping Plan that would further reduce emissions by 60 MMTCO2e in 



2030 under the “Known Commitments Scenario”. CARB instead illegally created new, and much 



larger “cumulative gap”  reduction requirements of 224 MMTCO2e and 621 MMTCO2e.  



115. CARB arbitrarily determined that the straight line trajectory to the 2030 Target 



was the only way to reach the mandate of 260 MMTCO2e by 2030 when there are numerous 



potential paths that California’s GHG emission reductions could take between 2021 and 2030. 



116. For example, as shown in Figure 1 below, in reaching the 2020 Target, 



California’s GHG emissions reductions have not followed a straight line trajectory, but have gone 



up and down based on the economy and other factors.64 



 



 



 



 



 



 



 



                                                 
64 Figure 1 is from the California Air Resources Board’s 2017 Edition of California’s GHG 
Emission Inventory (June 6, 2017), p. 2, 
https://www.arb.ca.gov/cc/inventory/pubs/reports/2000_2015/ghg_inventory_trends_00-15.pdf. 
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117. CARB’s arbitrary and capricious requirement that reductions must meet a 



cumulative GHG reduction total, rather than take any path feasible that gets the state to the 2030 



Target is unlawful. 



118. Both AB 32 (and earlier Scoping Plans) and SB 32 contemplated a “step down” of 



GHG emissions to the quantity established for the target year, with the “step down” increments 



occurring as new technologies, regulations, and other measures took effect. This step down 



approach has been part of air pollution control law for decades.  



119. Under the federal Clean Air Act (“CAA”), the EPA sets National Ambient Air 



Quality Standards (“NAAQS”) that set air quality levels in certain years for specific pollutants 



(e.g., the 2015 NAAQS for ozone is 70 ppb and it must be achieved as expeditiously as possible). 



States then create and adopt State Implementation Plans (“SIPs”) which include control measures 



to indicate how the state will meet the NAAQS standard. The reductions that the SIPs must 



achieve via their control measures to reach the NAAQS are always interpreted as being applicable 



to the target year, i.e., how much reduction will need to occur in one year to reduce emissions 



from business as usual to the NAAQS level? The SIPs do not plan for emission reduction 



measures that must reduce emissions cumulatively over time (from the time of adoption of the 
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2015 ozone NAAQS until the year it is reached), such that not meeting the NAAQS in earlier 



years means that those excess emissions must be added to future years to create the required 



emissions reductions to balloon over time as the NAAQS goes unmet.  



120. In addition, criteria air pollutants regulated by EPA, CARB, and California’s local 



air districts are always regulated under a cost/ton disclosure metric in which the expected cost to 



reduce emissions must be not only explained in rulemaking documents, but taken into 



consideration in deciding whether to adopt any rule controlling emissions. This system has 



worked to reduce tailpipe emissions of criteria pollutants from passenger cars by 99% over time.   



121. Given this clear and consistent pattern of EPA and CARB interpretation of the 



legal status of air quality levels to be achieved by a certain time, it was arbitrary and capricious 



for CARB to create this “deficit accounting” metric in the cumulative gap analysis rather than 



merely creating measures which would meet the 2030 Target by 2030. 



122. CARB also used the unlawful “cumulative gap” reduction metric to identify the 



nature and extent of Scoping Plan reduction measures, including the GHG Housing Measures, 



address uncertainties in achieving these reductions, and to complete the legally mandated FA and 



EA for the 2017 Scoping Plan.  



123.   CARB’s unilateral creation and use of the “cumulative gap” reduction 



requirement instead of the statutory SB 32 2030 Target is unlawful, and imposes new cost 



burdens, including on housing, that will further exacerbate the housing-induced poverty crisis. 



D. The Four New, Unlawful GHG Housing Measures the 2017 Scoping Plan 



Authorizes 



1. Unlawful VMT Reduction Requirement   



124. Among the new regulations and standards added to CARB’s 2017 Scoping Plan—



which were not in any of its earlier scoping plans—is a requirement to reduce VMT. This 



requirement is part of the Scoping Plan Scenario presented in Chapter 2 in the “Mobile Source 



Strategy.”65  



                                                 
65 See Scoping Plan, p. 25 Table 1: Scoping Plan Scenario (listing Mobile Source Strategy 
(Cleaner Technology and Fuels [CTF] Scenario)).  
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125. The “Mobile Source Strategy” includes a requirement to reduce VMT. This 



allegedly would be achieved by continued implementation of SB 375, regional Sustainable 



Communities Strategies, statewide implementation of SB 743, and potential additional VMT 



reduction strategies included in Appendix C (“Potential VMT Reduction Strategies for 



Discussion”). Scoping Plan, p. 25. 



126.  The 2017 Scoping Plan states that “VMT reductions will be needed to achieve the 



2030 target” and to meet the 2050 GHG emission reduction goal set in Executive Order S-3-05. 



Scoping Plan, p. 75.  



127. CARB states that VMT reductions of 7 percent below projected VMT are 



necessary by 2030 and 15 percent below projected VMT by 2050. Scoping Plan, p. 101. 



128. The “Mobile Source Strategy” measure requires a 15 percent reduction in total 



light-duty VMT from the business as usual scenario by 2050. Scoping Plan, p. 78. It also requires 



CARB to work with regions to update SB 375 targets to reduce VMT to reach the 2050 goal and 



to implement VMT as the CEQA metric for assessing transportation impacts. Id. 



129. The “Mobile Source Strategy” as a whole is estimated to result in cumulative GHG 



emission reductions of 64 MMTCO2e per year. Scoping Plan, p. 28. 



130. These VMT reduction requirements are included in the 2017 Scoping Plan without 



appropriate recognition of the counterproductive effects of such a fixation on reducing VMT in 



the context of affordable housing proximate to job centers. 



131. The 2017 Scoping Plan notes that promoting stronger boundaries to suburban 



growth, such as urban growth boundaries, will reduce VMT. Scoping Plan, p. 78. This also raises 



housing prices within the urban growth boundary and pushes low-income Californians, including 



minorities, to unacceptable housing locations with long drive times to job centers.  



132. Other VMT reduction measures in the 2017 Scoping Plan, such as road user and/or 



VMT-based pricing mechanisms, congestion pricing, and parking pricing, further disadvantage 



low-income and minority residents who must drive farther through more congested roads. 



133. The VMT reductions called for in Chapters 2 and 5 of the Scoping Plan make no 



distinction for miles driven by electric vehicles with zero GHG emissions or for miles driven by 
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hybrid vehicles when using only electric power. Instead, they would advance a suite of new 



burdens, including charging individual drivers for each vehicle mile travelled, and intentionally 



increasing overall roadway congestion to induce more workers to use public transit. 



134. CARB’s new VMT requirements, which purport to encourage public transit, 



essentially ignore the fact that far fewer than 10% of Californians can get from their home to their 



jobs in less than one hour on public transit, and that public transit ridership has fallen nationally 



and in California.66 CARB’s new VMT requirements fail to rationally address the reality that 



VMT continues to increase rather than decrease in California due to increasing population and 



employment levels.67   



135. CARB’s answer to reducing VMT by increasing bicycling, walking, and transit 



use is a laughable solution for low-income Californians, such as those living in the San Joaquin 



Valley and commuting to jobs in the San Francisco Bay Area.68 



136. The burden of CARB’s VMT reduction measures falls disproportionately on 



minority workers already forced by the housing crisis to endure long and even “mega” commutes 



lasting more than three hours per day.69 The vast majority of middle and lower-income jobs  



(disproportionately performed by minority workers) require those workers to be physically 



present at their job sites to be paid. Affected job categories include teachers, nurses, emergency 



                                                 
66 Laura J. Nelson, L.A. Bus Ridership Continues to Fall: Officials Now Looking to Overhaul the 
System, L.A. Times (May 23, 2017) http://www.latimes.com/local/lanow/la-me-ln-bus-ridership-
study-20170518-story.html; Center for Transportation Studies, Access Across America, 
University of Minnesota (2017) http://www.cts.umn.edu/research/featured/access. 
67 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets, Feb. 2018, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf, p. 19. 
68 Conor Dougherty, Andrew Burton, A 2:15 Alarm, 2 Trains and a Bus Get Her to Work by 7 
A.M., N.Y. Times (Aug. 17, 2017), https://www.nytimes.com/2017/08/17/business/economy/san-
francisco-commute.html. 
69 2007 and 2016 American Community Survey 1-Year Estimates, Table B08303 series (Travel 
Time To Work, Workers 16 years and over who did not work at home), 
https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t (showing increase 
in commute time from 2007 to 2016 in California and Bay Area); 2007 and 2016 American 
Community Survey 1-Year Estimates, Table S802 series (Means of transportation to work by 
selected characteristics), 
https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t (showing more 
Latino and noncitizen workers commuting to work by driving alone). 
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responders, courtroom and municipal service workers, construction workers, day care and home 



health care workers, retail clerks, and food service workers.70 



137. In addition to being ill-conceived, CARB’s new VMT measures are not statutorily 



authorized. The Legislature has repeatedly rejected proposed legislation to mandate that 



Californians reduce their use of cars and light duty trucks (e.g., personal pickup trucks), including 



most recently in 2017 (Senate Bill 150, Allen).    



138. Only a different agency, the Office of Planning and Research (“OPR”), has 



legislative authority to regulate VMT. It has not done so. In Senate Bill 743 (2013), the 



Legislature authorized OPR to consider adopting VMT as a new threshold for assessing the 



significance of transportation impacts under CEQA, but only after OPR completed a rulemaking 



process and amended the regulatory requirements implementing CEQA, i.e., the CEQA 



Guidelines (14 C.C.R. §  15000 et seq.) (“CEQA Guidelines”). OPR has commenced but not 



completed the process for amending the CEQA Guidelines as authorized by SB 743.   



139. Instead of regulating VMT, CARB’s role under SB 375 is to encourage higher 



density housing and public transit and thereby reduce GHGs. In this context, CARB has included 



VMT reduction metrics for helping achieve GHG reduction goals in current SB 375 targets.   



140. In the past, when CARB proposed to establish standalone VMT reduction targets 



(independent of GHG emission reduction targets) it has been swamped with objections and 



concerns, including challenges to its legal authority to attempt to impose fees and restrictions on 



driving as a standalone mandate independent of regional GHG reduction targets.   



141. Until its adoption of the 2017 Scoping Plan, CARB had rightly stopped short of 



purporting to set out standalone VMT reduction targets and methods. At the same meeting that 



CARB approved the 2017 Scoping Plan, CARB agreed to indefinitely postpone establishing 



regional VMT reduction targets for a variety of reasons (including but not limited to the fact that 



notwithstanding current efforts, VMT is actually increasing).    



                                                 
70 Adam Nagourney and Conor Dougherty, The Cost of a Hot Economy in California: A Severe 
Housing Crisis, N.Y. Times (July 17, 2017), https://www.nytimes.com/2017/07/17/us/california-
housing-crisis.html. 
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142. Immediately following its determination to indefinitely postpone its proposal to 



adopt standalone VMT reduction targets, CARB nevertheless voted to approve the 2017 Scoping 



Plan’s VMT reduction mandate, which includes in pertinent part a GHG measure requiring 



additional VMT reductions beyond the reductions achieved via SB 743 and SB 375. See Scoping 



Plan p. 25, Table 1, p. 101.   



143. The inherent contradiction between the morning CARB agenda discussion 



indefinitely postponing establishing SB 375 VMT reduction targets, and CARB’s afternoon 



agenda item approving the 2017 Scoping Plan, going above and beyond the VMT reductions 



CARB elected not to set a few hours earlier, caused widespread confusion. Even the CARB 



Board chair reported that she was “confused” – but CARB’s unlawful action to mandate reduced 



driving by individual Californians was nevertheless unanimously approved in the 2017 Scoping 



Plan that CARB has now adopted.  



144. In order to achieve these newly-mandated reductions in VMT, CARB intends to 



intentionally increase congestion to induce transit use. OPR’s proposal for updating the CEQA 



Guidelines to include VMT as a metric for analyzing transportation impacts states that adding 



new roadway capacity increases VMT.71 The OPR proposal further states that “[r]educing 



roadway capacity (i.e. a “road diet”) will generally reduce VMT and therefore is presumed to 



cause a less than significant impact on transportation. Building new roadways, adding roadway 



capacity in congested areas, or adding roadway capacity to areas where congestion is expected in 



the future, typically induces additional vehicle travel.” Id. at p. III:32.  



145. Attempting to reduce VMT by purposefully increasing congestion by reducing 



roadway capacity will not lead to GHG emission reductions. Instead, increasing congestion will 



cause greater GHG emissions due to idling, not to mention increased criteria air pollutant72 and 



                                                 
71 OPR, Revised Proposal on Updates to the CEQA Guidelines Evaluating Transportation Impacts 
in CEQA (Jan. 20, 2016), p. I:4, 
http://www.opr.ca.gov/docs/Revised_VMT_CEQA_Guidelines_Proposal_January_20_2016.pdf. 
72 The six criteria air pollutants designated by the Environmental Protection Agency (“EPA”) are 
particulate matter (“PM”), ozone, nitrogen dioxide (“NO2” or “NOx”), carbon monoxide (“CO”), 
sulfur dioxide (“SO2”), and lead. 
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toxic air contaminant73 emissions. CARB has no authority to impose a VMT limit and any VMT 



limit imposed by an agency must be approved in a formal rulemaking process.  



146. As implemented, CARB’s VMT reduction measure will not achieve the GHG 



reductions ascribed to it in the 2017 Scoping Plan and has no rational basis. In fact, it will 



increase air quality and climate related environmental impacts, something not analyzed in the EA 



for the 2017 Scoping Plan. 



147. In addition, CARB has recently undergone an update of regional GHG emission 



reduction targets under SB 375 in which CARB stated that: “In terms of tons, CARB staff’s 



proposed [SB 375] targets would result in an estimated additional reduction of approximately 8 



million metric tons of CO2 per year in 2035 compared to the existing targets. The estimated 



remaining GHG emissions reductions needed would be approximately 10 million metric tons 



CO2 per year in 2035 based on the Scoping Plan Update scenario. These remaining GHG 



emissions reductions are attributed to new State-initiated VMT reduction strategies described in 



the Scoping Plan Update.”74 



148. Thus, CARB’s only stated support for needing the VMT reduction mandates in the 



2017 Scoping Plan is to close a gap to the Scoping Plan Update Scenario that the SB 375 targets 



will not meet. However, all of the allegedly “necessary” reductions in the Scoping Plan Update 



Scenario are based on CARB’s unlawful “cumulative gap” reduction requirement, which, as 



described above, improperly ballooned the GHG reductions required from 60 to 224 MMTCO2e 



based on the “Known Commitments Scenario” and from 129 to 621 MMTCO2e based on the 



“Reference Case Scenario.”  



149. Because of CARB’s unlawful “cumulative gap” calculation, CARB now argues 



that the VMT reduction mandates are necessary, but the only reason they are necessary is to meet 



the unlawful “cumulative gap” reduction requirements. 



                                                 
73 Toxic air contaminants, or TACs, include benzene, hexavalent chrome, cadmium, chloroform, 
vinyl chloride, formaldehyde, and numerous other chemicals.  
74 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), p. 35, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf. 
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150. There is also no evidence that CARB’s estimated 10 MMTCO2e per year 



reductions based on the VMT reduction mandate is in any way achievable. The Right Type, Right 



Place report75 estimates only 1.79 MMTCO2e per year will be reduced from both lower VMT and 



smaller unit size houses using less energy and thus creating lower operational emissions.  



151. The Staff Report for SB 375 acknowledges that VMT has increased, that the 



results of new technologies are at best mixed in early reports as to VMT reductions, and that the 



correlation between VMT and GHG is declining.76 There is no evidence that the 10 MMTCO2e 



per year reductions based on the VMT reduction mandate in the 2017 Scoping Plan is in any way 



something other than a number created solely based on the fundamental miscalculation about the 



2030 target demonstrated by the “cumulative gap” methodology in the 2017 Scoping Plan.  



2. Unlawful CEQA Net Zero GHG Threshold 



152. The 2017 Scoping Plan also sets a net zero GHG threshold for all projects subject 



to CEQA review, asserting that “[a]chieving no net additional increase in GHG emissions, 



resulting in no contribution to GHG impacts, is an appropriate overall objective for new 



development”. Scoping Plan, p. 101-102. 



153. The Scoping Plan directs that this new CEQA “zero molecule” GHG threshold be 



presumptively imposed by all public agencies when making all new discretionary decisions to 



approve or fund projects in all of California, where under CEQA “project” is an exceptionally 



broad legal term encompassing everything from transit projects to recycled water plants, from the 



renovation of school playgrounds to building six units of affordable housing, from the adoption of 



General Plans applicable to entire cities and counties to the adoption of a single rule or regulation.   



154. This is an unauthorized, unworkable and counterproductive standard as applied to 



new housing projects. CEQA applies to the “whole of a project”, which includes construction 



                                                 
75 Nathaniel Decker et al., Right Type Right Place: Assessing the Environmental and Economic 
Impacts of Infill Residential Development through 2030, U.C. Berkeley Terner Center for 
Housing Innovation and Center for Law, Energy and the Environment (Mar. 2017), 
https://ternercenter.berkeley.edu/right-type-right-place. 
76 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), p. 19, 
https://www.arb.ca.gov/cc/sb375/sb375_target_update_final_staff_report_feb2018.pdf. 
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activities, operation of new buildings, offsite electricity generation, waste management, 



transportation fuel use, and a myriad of other activities. Meeting a net zero threshold for these 



activities is not possible. While there have been examples of “net zero” buildings—which are 



more expensive than other housing77—none of these examples included the other components of 



a “project” as required by CEQA. 



155. The Scoping Plan’s “net zero” CEQA provisions also would raise housing and 



homeowner transportation costs and further delay completion of critically needed housing by 



increasing CEQA litigation risks—thereby exacerbating California’s acute housing and poverty 



crisis.78 



156. Despite CARB’s claim that this “net zero” threshold is “guidance”, CARB’s status 



as the expert state agency on GHG emissions means that all lead agencies or project proponents 



will have to accept this standard in CEQA review unless they can prove by substantial evidence 



that a project cannot meet the standard. 



157. The threshold has immediate evidentiary weight as the expert conclusion of the 



state’s expert GHG agency. An agency’s failure to use the 2017 Scoping Plan’s CEQA threshold 



has already been cited as legal error in the comment letter preceding the expected lawsuit against 



the Northlake housing project in Los Angeles.79 



158. A “net zero” GHG threshold is inconsistent with current California precedent 



affirming that compliance with law is generally an acceptable CEQA standard. See, e.g., Center 



for Biological Diversity v. Dept. of Fish and Wildlife (2016) 62 Cal.4th 204, 229 (“Newhall”) (a 



lead agency can assess consistency with AB 32 goal by looking to compliance with regulatory 



programs). This includes, but is not limited to, using compliance with the cap-and-trade program 



as appropriate CEQA mitigation for GHG and transportation impacts.  



                                                 
77 LAO, Evaluating California’s Pursuit of Zero Net Energy State Buildings (Nov. 14, 2017), 
http://www.lao.ca.gov/Publications/Report/3711. 
78 Chang-Tai Hsieh and Enrico Moretti, How Local Housing Regulations Smother the U.S. 
Economy, N.Y. Times (Sept. 6, 2017), https://www.nytimes.com/2017/09/06/opinion/housing-
regulations-us-economy.html. 
79 Center for Biological Diversity, Letter to Los Angeles County (April 16, 2018),   
http://planning.lacounty.gov/assets/upl/case/tr073336_correspondence-20180418.pdf. 
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159. The Scoping Plan’s expansive new “net zero” GHG CEQA threshold is directly at 



odds with, and is dramatically more stringent than, the existing CEQA regulatory threshold for 



GHG emissions. This existing threshold was adopted by OPR pursuant to specific authorization 



and direction from the Legislature in SB 97. In the SB 97 rulemaking context, OPR, in its 



Statement of Reasons, expressly rejected a “zero molecule” or “no net increase” GHG threshold 



(now adopted by CARB without Legislative authority) as being inconsistent with, and not 



supported by, CEQA’s statutory provisions or applicable judicial precedent. OPR stated that 



“[n]otably, section 15064.4(b)(1) is not intended to imply a zero net emissions threshold of 



significance. As case law makes clear, there is no “one molecule rule” in CEQA.”80 



160. In January of 2017, OPR commenced a formal rulemaking process for what it 



describes as a “comprehensive” set of regulatory amendments to the CEQA Guidelines. After 



adoption of the 2017 Scoping Plan, OPR has not proposed to change the existing GHG thresholds 



in the Guidelines to conform with CARB’s unauthorized new “net zero” GHG threshold. Instead, 



OPR has expressly criticized reliance on a numerical project-specific assessment of GHGs. 



161. In short, CARB’s “net zero” GHG threshold is inconsistent with OPR’s legal 



conclusion that CEQA cannot be interpreted to impose a “net zero” standard.81   



162. In addition to being Legislatively unauthorized and unlawful, the “net zero” GHG 



threshold would operate unconstitutionally so as to disproportionately disadvantage low income 



minorities in need of affordable housing relative to wealthier, whiter homeowners who currently 



occupy the limited existing housing stock.82 This disadvantage arises because of the use of CEQA 



                                                 
80 OPR, Final Statement of Reasons for Regulatory Action, Amendments to the State CEQA 
Guidelines Addressing Analysis and Mitigation of Greenhouse Gas Emissions Pursuant to SB 97 
(Dec. 2009), p. 25, http://resources.ca.gov/ceqa/docs/Final_Statement_of_Reasons.pdf. 
81 See OPR, Proposed Updates to the CEQA Guidelines (Nov. 2017), p. 81-85, 
http://opr.ca.gov/docs/20171127_Comprehensive_CEQA_Guidelines_Package_Nov_2017.pdf. 
82 See Richard Rothstein, Color of Law: A Forgotten History of How Our Government 
Segregated America (2017) for a historical review of how zoning and land use laws were 
designed to promote discrimination against African Americans and other communities of color, 
patterns that, in many instances, have been maintained to this day; see also Housing Development 
Toolkit, The White House (Sept. 2016), 
https://www.whitehouse.gov/sites/whitehouse.gov/files/images/Housing_Development_Toolkit%
20f.2.pdf. 
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litigation by current homeowners to block new housing for others, including especially low 



income housing for minorities.83 



163. Under CEQA, once an impact is considered “significant”, it must be “mitigated” 



by avoidance or reduction measures “to the extent feasible.” Pub. Res. Code §§ 21002, 21002.1; 



14 C.C.R. § 15020(a)(2). By imposing a presumptive “net zero” GHG threshold on all new 



projects pursuant to CEQA, CARB has instantly and unilaterally increased the GHG CEQA 



mitigation mandate to “net zero” unless a later agency applying CEQA can affirmatively 



demonstrate, through “substantial evidence”, that this threshold is not “feasible” as that term is 



defined in the CEQA Guidelines. 



164.   Under CEQA, any party—even an anonymous litigant—can file a CEQA lawsuit 



challenging the sufficiency of a project’s analysis and mitigation for scores of “impacts,” 



including GHG emissions. See Save the Plastic Bag Coalition v. City of Manhattan Beach (2011) 



52 Cal.4th 155.  



165. Anonymous use of CEQA lawsuits, as well as reliance on CEQA lawsuits to 



advance economic objectives such as fast cash settlements, union wage agreements, and 



competitive advantage, has been repeatedly documented—but Governor Brown has been unable 



                                                 
83 See Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df; see also Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf; Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment: Litigation Abuse Under CEQA (August 2015),  
https://www.hklaw.com/publications/in-the-name-of-the-environment-litigation-abuse-under-
ceqa-august-2015/. 
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to secure the Legislature’s support for CEQA because, as he explains, unions use CEQA to 



leverage labor agreements.84  



166. Using CEQA to advance economic rather than environmental objectives, and 



allowing anonymous lawsuits to mask more nefarious motives including racism and extortion, has 



established CEQA litigation (and litigation threats) as among the top reasons why adequate 



housing supplies have not been built near coastal jobs centers.85   



167. The “net zero” threshold, as applied to new housing projects in California, adds 



significantly to the risk and CEQA litigation outcome uncertainty faced by persons who wish to 



build such housing.86 Not even the California Supreme Court, in Newhall, supra, 62 Cal.4th 204, 



could decide how CEQA should apply to a global condition like climate change in the context of 



considering the GHG impacts of any particular project. Instead, the Supreme Court identified four 



“potential pathways” for CEQA compliance. Notably, none of these was the “net zero” threshold 



adopted by CARB in its 2017 Scoping Plan.   



168. The California Supreme Court has declined to mandate, under CEQA, a non-



statutory GHG threshold. Instead, the California Supreme Court has recognized that this area 



remains in the province of the Legislature, which has acted through directives such as SB 375. 



Cleveland National Forest Foundation v. San Diego Assn. of Gov’ts (2017) 3 Cal.5th 497 



(“SANDAG”). 



169. As explained in The Two Hundred’s comment letter, and referenced academic and 



other studies in that letter, the top litigation targets of CEQA lawsuits statewide are projects that 



                                                 
84 See Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf, p. 10-12 (stating Governor Brown’s 2016 conclusion that CEQA litigation reform was 
politically impossible because labor unions use litigation threats to “hammer” project sponsors 
into agreeing to enter into union labor agreements, and Building Trades Council lobbyist Caesar 
Diaz testimony in “strong opposition” to legislative proposal to require disclosure of the identity 
and interests of those filing CEQA lawsuits at the time CEQA lawsuits are filed, rather than at the 
end of the litigation process when seeking attorneys’ fees, wherein Mr. Diaz concluded that 
requiring such disclosure would “dismantle” CEQA).    
85 Legislative Analyst’s Office, California’s High Housing Costs: Causes and Consequences, May 
17, 2015, http://www.lao.ca.gov/reports/2015/finance/housing-costs/housing-costs.aspx. 
86 See Id. 
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include housing.87 Over a three year period in the SCAG region, nearly 14,000 housing units were 



challenged in CEQA lawsuits, even though 98% of these units were located in already developed 



existing communities and 70% were located within a short distance of frequent transit and other 



existing infrastructure and public services. This and a referenced prior study also showed that the 



vast majority of CEQA lawsuits filed statewide are against projects providing housing, 



infrastructure and other public services and employment uses within existing communities.88   



170. Thus, the same minority families victimized by the housing-induced poverty crisis, 



and forced to drive ever longer distances to qualify for housing they can afford to rent or buy are 



disproportionately affected by CEQA lawsuits attacking housing projects that are proximate to 



jobs.  



171. Expanding CEQA to require only future occupants of acutely needed housing units 



to double- and triple-pay to get to and from work with a CEQA mitigation obligation to purchase 



GHG offsets to satisfy a “net zero” threshold unlawfully and unfairly discriminates against new 



occupants in violation of equal protection and due process. 



172. Finally, CARB’s “net zero” threshold fails to address the likelihood that it will 



actually be counterproductive because of “leakage” of California residents driven out to other 



states because of unaffordable housing prices.89 Including this measure in the 2017 Scoping Plan 



bypasses statutory requirements to discourage and minimize “leakage”—movement of 



                                                 
87 See Jennifer L. Hernandez, California Environmental Quality Act Lawsuits and California’s 
Housing Crisis, 24 Hastings Envtl. L.J. (2018), 
https://www.hklaw.com/files/Uploads/Documents/Articles/121317_HELJ_Jennifer_Hernandez.p
df; see also Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment Update: CEQA Litigation Update for SCAG Region (2013-2015) (Jul. 2016), 
https://www.hklaw.com/files/UPloads/Documents/Alerts/Environment/InfillHousingCEQALaws
uits.pdf; Jennifer Hernandez, David Friedman, and Stephanie DeHerrera, In the Name of the 
Environment: Litigation Abuse Under CEQA (August 2015),  
https://www.hklaw.com/publications/in-the-name-of-the-environment-litigation-abuse-under-
ceqa-august-2015/ 
88 Ibid. 
89 California experienced a net loss of 556,710 former residents to other states during 2010 to 
2017. U.S. Census Bureau, Table 4. Cumulative Estimates of the Components of Resident 
Population Change for the United States, Regions, States, and Puerto Rico: April 1, 2010 to July 
1, 2017 (NST-EST2017-04) (Dec. 2017), 
https://www.census.gov/data/datasets/2017/demo/popest/nation-total.html. 
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economically productive activities to other states or countries that have much higher GHG 



emissions on a per capita basis than California. Imposing “net zero” standards that end up 



shutting down or blocking economic activities in California results in a global increase in GHGs 



when those activities move to other states or countries with higher per capita GHG emissions.90   



173. It is noteworthy that the GWSA and SB 32 “count” only GHG emissions produced 



within the state, and from the generation of out-of-state electricity consumed in the state. When a 



family moves from California to states such as Texas (nearly three times higher per capita GHG 



emissions) or Nevada (more than double California’s per capita GHG emissions), global GHG 



emissions increase even though California’s GHG emissions decrease.  



174. The housing crisis has resulted in a significant emigration of families that cannot 



afford California housing prices, and this emigration increases global GHG emissions—precisely 



the type of “cumulative” contribution to GHGs that OPR explains should be evaluated under 



CEQA, rather than CARB’s net zero GHG threshold which numerically-focuses on project-level 



GHG emissions and mitigation.91    



175. The Scoping Plan’s CEQA threshold is appropriately justiciable, and should be 



vacated for the reasons set forth herein. 



3. Unlawful Per Capita GHG Targets for Local Climate Action Plans 



176. California’s per capita GHG emissions are already far lower than all but two 



states. The only state with low per capita GHG emissions that is comparable to California is New 



York, which has a lower per capita GHG emission level but also six nuclear power plants 



                                                 
90 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People Move 
In, The Sacramento Bee (Mar. 5, 2017), 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-housing-costs-poll-
finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
91 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People Move 
In, The Sacramento Bee (Mar. 5, 2017), 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-housing-costs-poll-
finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
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(compared to California’s one) as well as more reliable hydropower from large dams that are less 



affected by the cyclical drought cycles affecting West Coast rivers.92   



177. California’s current very low per capita GHG emissions are approximately 11 



MMTCO2e.   



178. The existing CEQA Guidelines include a provision that allows projects that 



comply with locally-adopted “climate action plans” (“CAPs”) to conclude that project-related 



GHG emissions are less than significant, and thus require no further mitigation that would add to 



the cost of new housing projects.   



179. In Newhall, supra, 62 Cal.4th at 230, the California Supreme Court endorsed 



CAPs, and wrote that a project’s compliance with an approved CAP could be an appropriate 



“pathway” for CEQA compliance. No local jurisdiction is required by law to adopt a CAP, but if 



a CAP is adopted, then the Supreme Court has held that it must have enforceable measures to 



actually achieve the CAP’s GHG reduction target. SANDAG, supra, 3 Cal.5th 497. 



180. The CAP compliance pathway through CEQA was upheld in Mission Bay Alliance 



v. Office of Community Invest. & Infrastructure (2016) 6 Cal.App.5th 160. This compliance 



pathway provides a more streamlined, predictable, and generally cost-effective pathway for 



housing and other projects covered by the local CAP.  



181. In stark contrast, CARB’s unlawful new per capita GHG requirements effectively 



direct local governments—cities and counties—to adopt CAPs that reduce per capita GHG 



emissions from eleven to six MMTCO2e per capita by 2030, and to two MMTCO2e per capita by 



2050. This mandate is unlawful. 



182. First, CARB has no statutory authority to impose any 2050 GHG reduction 



measure in CAPs or otherwise since the Legislature has repeatedly declined to adopt a 2050 GHG 



target (including by rejecting earlier versions of SB 32 that included such a 2050 target), and the 



California Supreme Court has declined to interpret CEQA to mandate a 2050 target based on an 



Executive Order. SANDAG, supra, 3 Cal.5th at 509; Newhall, supra, 62 Cal.4th at 223. 



                                                 
92 U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
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183. Second, the Scoping Plan attributes the vast majority of state GHG emissions to 



transportation, energy, and stationary source sectors over which local governments have little or 



no legal jurisdiction or control. A local government cannot prohibit the sale or use of gasoline or 



diesel-powered private vehicles, for example—nor can a local government regulate and redesign 



the state’s power grid, or invent and mandate battery storage technology to capture intermittent 



electricity produced from solar and wind farms for use during evening hours and cloudy days.  



184. The limited types of GHG measures that local governments can mandate (such as 



installation of rooftop solar, water conservation, and public transit investments) have very 



small—or no—measurable quantitative effect on GHG emission reductions. The 2017 Scoping 



Plan Appendix recommending local government action does not identify any measure that would 



contribute more than a tiny fraction toward reducing a community’s per capita GHG emissions to 



six metric tons or two metric tons, respectively.  



185. Additionally, under state law, local governments’ authority to require more 



aggressive GHG reductions in buildings is subject to a cost-effectiveness test decided by the 



California Building Standards Commission (“CBSC”)—the same CBSC that has already 



determined that “net zero”, even for single family homes and even for just the electricity used in 



such homes, is not yet feasible or cost-effective to impose.93   



186. Third, it is important to consider the per capita metrics that the 2017 Scoping Plan 



wants local governments to achieve in their localized climate action plans in a real world context. 



Since most of the world’s energy is still produced from fossil fuels, energy consumption is still 



highly correlated to economic productivity and per capita incomes and other wealth-related 



metrics such as educational attainment and public health.94 The suggested very low per capita 



                                                 
93 California Energy Commission, 2019 Building Energy Efficiency Standards PreRulemaking 
Presentation - Proposed 2019 Building Energy Efficiency Standards ZNE Strategy (Aug. 24, 
2017), http://docketpublic.energy.ca.gov/PublicDocuments/17-BSTD-
01/TN220876_20170824T105443_82217_ZNE_Strategy_Presentation.pdf. 
94 See Mengpin Ge, Johannes Friedrich, and Thomas Damassa, 6 Graphs Explain the World’s 
Top 10 Emitters, World Resources Institute (Nov. 25, 2014), https://wri.org/blog/2014/11/6-
graphs-explain-world%E2%80%99s-top-10-emitters (see tables entitled “Per Capita Emissions 
for Top 10 Emitters” and “Emissions Intensity of Top 10 Emitters” showing that emissions are 
generally linked to GDP). 
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metrics in the 2017 Scoping Plan are currently only achieved by countries with struggling 



economies, minimal manufacturing and other higher wage middle income jobs, and extremely 



high global poverty rates.  



187. Growing economies such as China and India bargained for, and received, 



permission to substantially increase their GHG emissions under the Paris Accord precisely 



because economic prosperity remains linked to energy use.95 This is not news: even in the 1940’s, 



the then-Sierra Club President confirmed that inexpensive energy was critical to economic 



prosperity AND environmental protection. 



188. Nor has CARB provided the required economic or environmental analysis that 



would be required to try to justify its irrational and impractical new per capita GHG target 



requirements. As with CARB’s project-level “net zero” CEQA threshold, the per capita CEQA 



expansion for CAPs does not quantify the GHG emission reductions to be achieved by this 



measure.   



189. Finally, these targets effectively create CEQA thresholds as compliance with a 



CAP is recognized by the California Supreme Court as a presumptively valid CEQA compliance 



pathway. Newhall, supra, 62 Cal.4th at 230 (stating that local governments can use climate action 



plans as a basis to tier or streamline project-level CEQA analysis). The targets clearly establish 



CARB’s position on what would (or would not) be consistent with the 2017 Scoping Plan and the 



State’s long-term goals. Courts have stated that GHG determinations under CEQA must be 



consistent with the statewide CARB Scoping Plan goals, and that CEQA documents taking a 



goal-consistency approach to significance need to consider a project’s effects on meeting the 



State’s longer term post-2020 goals. Thus, these per capita targets are essentially self-



implementing CEQA requirements that lead and responsible agencies will be required to use.  



190. The CAP measure thus effectively eliminates the one predictable CEQA GHG 



compliance pathway that has been upheld by the courts, compliance with an adopted CAP. The 



                                                 
95 Marianne Lavelle, China, India to Reach Climate Goals Years Early, as U.S. Likely to Fall Far 
Short, Inside Climate News (May 16, 2017), https://insideclimatenews.org/news/15052017/china-
india-paris-climate-goals-emissions-coal-renewable-energy. 





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " use.94"
[New text]: "use.95"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Insert�


text


"95"





Compare: Delete�


graphic


Matching graphic not found





Compare: Delete�


text


"94"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "-57"
[New text]: "-57-FIRST AM."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "WRIT/COMPLAINT"
[New text]: "WRIT/COMP."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "DECL./INJUNCTIVE"
[New text]: "DECL./INJ."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "12345678910111213141516171819202122232425262728"
[New text]: "18CECG01494"
The following text attributes were changed: 
   font











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-58- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



pathway that CARB’s per capita GHG targets would unlawfully displace is fully consistent with 



the existing CEQA Guidelines adopted pursuant to full rulemaking procedures based on express 



Legislative direction. 



191. In short, the 2017 Scoping Plan directs local governments to adopt CAPs—which 



the Supreme Court has explained must then be enforced—with per capita numeric GHG reduction 



mandates in sectors that local governments have no legal or practical capacity to meet, without 



any regard for the consequential losses to middle income jobs in manufacturing and other 



business enterprises, or to the loss of tax revenues and services from such lost jobs and 



businesses,96 or to the highly disparate impact that such anti-jobs measures would have on 



minority populations already struggling to get out of poverty and afford housing.  



192. While the 2017 Scoping Plan acknowledges that some local governments may 



have difficulty achieving the per capita targets if their communities have inherently higher GHG 



economic activities, such as agriculture or manufacturing, such communities are required to 



explain why they cannot meet the numeric targets—and withstand potential CEQA lawsuit 



challenges from anyone who can file a CEQA lawsuit.  



193. As with CARB’s project-level “net zero” CEQA threshold, CARB’s new per 



capita GHG targets are entirely infeasible, unlawful, and disparately affect those in most need of 



homes they can afford with jobs that continue to exist in manufacturing, transportation, and other 



sectors having GHG emissions that are outside the jurisdiction and control of local governments. 



                                                 
96 Just four states—Ohio, Pennsylvania, Georgia and Indiana—collectively have a population and 
economy comparable with California. With a combined gross product of $2.25 trillion in 2016, 
these four states would be the 8th largest economy in the world if considered a nation. Yet despite 
achieving five times more GHG emission reductions than California since 2007, in 2016 these 
four states had 560,000 fewer people in poverty and 871,000 more manufacturing jobs (including 
200,000 new jobs from 2009 to 2017 compared with just 53,000 in California). U.S. Bureau of 
Labor Statistics, Monthly Total Nonfarm Employment, Seasonally Adjusted, 
https://www.bls.gov/data/; U.S. Bureau of Economic Analysis, Table 3. Current-Dollar Gross 
Domestic Product (GDP) by State, 2016:Q1-2017:Q3, 
https://www.bea.gov/newsreleases/regional/gdp_state/qgdpstate_newsrelease.htm; Liana Fox, 
The Supplemental Poverty Measure: 2016, U.S. Census Bureau Report Number: P60-261 (Sept. 
21, 2017), https://www.census.gov/library/publications/2017/demo/p60-261.html; U.S. Census 
Bureau, 2016 American Community Survey 1-Year Estimates, Table B15001, Sex by age by 
educational attainment for the population 18 years and over, https://factfinder.census.gov/. 
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They are also inconsistent with current standards and common sense and result in unjustifiable 



disproportionate adverse impacts on California minorities, including Petitioners. 



4. Appendix C “Vibrant Communities” Policies Incorporating Unlawful 



VMT, “Net Zero” and CO2 Per Capita Standards 



194. Chapter 5 of CARB’s 2017 Scoping Plan explains that notwithstanding the other 



GHG Housing Measures (e.g., the VMT reduction mandated in Chapter 2), California must do 



“more” to achieve the 2030 Target. With this in mind, CARB purports to empower eight new 



state agencies—including itself—with a new, non-legislated role in the plan and project approval 



process for local cities and counties. This hodgepodge of unlegislated, and in many cases 



Legislatively-rejected, new “climate” measures is included in what the Scoping Plan calls a 



“Vibrant Communities” appendix. 



195. Cities and counties have constitutional and statutory authority to plan and regulate 



land use, and related community-scale health and welfare ordinances. Cities and counties are also 



expressly required to plan for adequate housing supplies, and in response to the housing crisis and 



resulting poverty and homeless crisis, in 2017 the Legislature enacted 15 new bills designed to 



produce more housing of all types more quickly. These include: Senate Bills (“SB”) 2, SB 3, SB 



35, SB 166, SB 167, SB 540, SB 897, and Assembly Bills (“AB”) 72, AB 73, AB 571, AB 678, 



AB 1397, AB 1505, AB 1515,  and AB 1521. 



196. The Legislature has periodically, and expressly, imposed new statutory obligations 



on how local agencies plan for and approve land use projects. For example, in recent years, the 



Legislature required a greater level of certainty regarding the adequacy of water supplies as well 



as expressly required new updates to General Plans, which serve as the “constitution” of local 



land use authority, to expressly address environmental justice issues such as the extent to which 



poor minority neighborhoods are exposed to disproportionately higher pollution than wealthier 



and whiter neighborhoods.   



197. Local government’s role in regulating land uses, starting with the Constitution and 



then shaped by scores of statutes, is where the “rubber hits the road” on housing: without local 
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government approval of housing, along with the public services and infrastructure required to 



support new residents and homes, new housing simply cannot get built. 



198. The Legislature has repeatedly authorized and/or directed specific agencies to have 



specific roles in land use decisionmaking.  



199. The Legislature also is routinely asked to impose limits on local land use controls 



that have been rejected during the legislative process, such as the VMT reduction mandates 



described above. The Vibrant Communities Scoping Plan appendix is a litany of  new policies, 



many of which were previously considered and rejected by the Legislature, directing eight state 



agencies to become enmeshed in directing the local land use decisions that under current law 



remain within the control of cities and counties (and their voting residents) and not within any 



role or authority delegated by the Legislature.  



200. Just a few examples of Vibrant Community Scoping Plan measures adopted by 



CARB that have been expressly considered and rejected by the Legislature or are not legal 



include:  



(A)  Establishing mandatory development area boundaries (urban growth 



boundaries) around existing cities, that cannot be changed even if approved by local voters as 



well as the city and county, to encourage higher density development (e.g., multi-story apartments 



and condominiums) and to promote greater transit use and reduce VMT. An authoritative study 



that CARB funded, as well as other peer reviewed academic studies, show that there is no 



substantial VMT reduction from these high density urban housing patterns—although there is 



ample confirmation of “gentrification” (displacement of lower income, disproportionately 



minority) occupants from higher density transit neighborhoods to distant suburbs and exurbs 



where workers are forced to drive greater distances to their jobs.97 Mandatory urban growth 



boundaries have been routinely rejected in the Legislature. See AB 721 (Matthews, 2003) 



                                                 
97 UCLA Department of Urban and Regional Planning, Oriented For Whom? The Impacts of 
TOD on Six Los Angeles Neighborhoods (June 2, 2015), 
http://www.urbandisplacement.org/sites/default/files/images/spring_2015_tod.pdf. 
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(proposing the addition of mandatory urban growth boundaries in the land use element of 



municipalities’ general plans). 



(B)  Charging new fees for cities and counties to pay for “eco-system services” 



such as carbon sequestration from preserved vegetation on open space forests, deserts, 



agricultural and rangelands. Taxes or fees could not be imposed on residents of Fresno or Los 



Angeles to pay for preservation of forests in Mendocino or watersheds around Mount Lassen 



unless authorized by votes of the people or the Legislature—except that payment of fees has 



become a widespread “mitigation measure” for various “impacts” under CEQA. The 2017 



Scoping Plan’s express approval of the “Vibrant Communities” Appendix creates a massive 



CEQA mitigation measure work-around that can be imposed in tandem with agency approvals of 



local land use plans and policies that entirely bypasses the normal constitutional and statutory 



requirements applicable to new fees and taxes. Since CEQA applies only to new agency 



approvals, this unlawful and unauthorized framework effectively guarantees that residents of 



newly-approved homes will be required to shoulder the economic costs of the additional 



“mitigation” measures. This idea of taxation has been rejected by voter initiatives such as 



Proposition 13 (which limits ad valorem tax on real property to 1 percent and requires a 2/3 vote 



in both houses to increase state tax rates or impose local special taxes) and Proposition 218 



(requiring that all taxes and most charges on property owners are subject to voter approval). 



(C)  Intentionally worsening roadway congestion, even for voter-funded and CARB- 



approved highway and roadway projects, to “induce” people to rely more on walking, biking, and 



public transit, and reduce VMT. Efficient goods movement, and avoidance of congestion, on 



California’s highways and roads is required under both federal and state transportation and air 



quality laws. This component of “Vibrant Communities” is another example of a VMT reduction 



mandate, but is even more flatly inconsistent with applicable laws and common sense. Voters 



have routinely approved funding for new carpool lanes and other congestion relief projects. The 



goods movement industry—which is linked to almost 40% of all economic activity in Southern 



California and is critical to agricultural and other product-based business sectors throughout 
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California—cannot function under policies that intentionally increase congestion.98  CARB has 



itself approved hundreds of highway improvement projects pursuant to the Legislative mandates 



in SB 375—yet the “Vibrant Communities” appendix unilaterally rejects this by telling 



Californians not to expect any relief from gridlock, ever again. The Legislature and state agencies 



have also consistently rejected VMT reduction mandates. See SB 150 (Allen, 2017) (initially 



requiring regional transportation plans to meet VMT reductions but modified before passage); SB 



375 (Steinberg, 2008) (early version stating bill would require regional transportation plan to 



include preferred growth scenario designed to achieve reductions in VMT but modified before 



passage). 



(D) Mileage-based road pricing strategies which charge a fee per miles driven. 



These types of “pay as you drive” fees are barred by current California law, which prohibits local 



agencies from “imposing a tax, permit fee or other charge” in ways that would create congestion 



pricing programs. Vehicle Code § 9400.8. Yet CARB attempts to override a Legislative mandate 



via the 2017 Scoping Plan and its “Vibrant Communities” strategies. 



201. Through the Vibrant Communities strategies, CARB attempts to give state 



agencies expansive authority and involvement in city and county decisionmaking. The 2017 



Scoping Plan asserts that the Vibrant Communities strategies will reduce GHG emissions by an 



amount that is “necessary” to achieving California’s 2030 Target. However, no effort is made by 



CARB to quantify the reductions it anticipates would result from injecting these agencies into 



local decisionmaking processes. Instead, CARB merely states that the “Vibrant Communities” 



appendix is a supposedly-necessary step to meet the 2030 Target. 



202. The eight named state agencies CARB attempts to give unauthorized authority 



over local actions are:99 



                                                 
98 Edward Humes, Four Easy Fixes for L.A. Traffic, L.A. Times (Apr. 10, 2016), 
http://www.latimes.com/opinion/livable-city/la-oe-humes-why-cant-trucks-and-cars-just-get-
along-20160410-story.html; Eleanor Lamb, California Eyes Future Projects to Relieve Freight 
Congestion, Transport Topics (Mar. 26, 2018), http://www.ttnews.com/articles/california-eyes-
future-projects-relieve-freight-congestion. 
99 Several of the eight named agencies are parent agencies, each of which has several subordinate 
agencies and departments. If these are counted, they collectively elevate the number of state 
agencies being coopted to join in CARB’s local land use power grab to nearly twenty. 
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(1)  Business, Consumer Services and Housing Agency, which among other 



subordinate agencies includes the Department of Housing and Community Development (HCD), 



which alone among these agencies has direct statutory responsibility for designating housing 



production and corresponding land use planning requirements for cities and counties;    



(2)  California Environmental Protection Agency, which is the parent agency for 



CARB as well as several other agencies and departments; 



(3)  California Natural Resources Agency, another parent agency of subordinate 



agencies and departments; 



(4)  California State Transportation Agency, most notably Caltrans – which the 



Scoping Plan would redirect from implementing their statutory responsibilities to reduce 



congestion and facilitate transportation on the state’s highways to instead advancing CARB’s 



“road diet” policy of intentionally increasing congestion to satisfy CARB’s desire to induce more 



public transit ridership; 



(5)  California Health and Human Services Agency, which among other duties 



administers health and welfare assistance programs;  



(6)   California Department of Food and Agriculture, which among other duties 



regulates food cultivation and production activities; 



(7)  Strategic Growth Council, formed in 2008 by SB 732, which is tasked with 



“coordinating” activities of state agencies to achieve a broad range of goals but has no 



independent statutory authority to regulate housing or local land use plans and projects; and 



(8)  Governor’s Office of Planning and Research, which has statutory responsibility 



to issue the CEQA Guidelines as well as “advisory” guidelines for local agency preparation of 



General Plans pursuant to Gov. Code § 65040.  



203. The “Vibrant Communities” Appendix includes provisions that conflict with 



applicable law and/or have been rejected by the Legislature and cannot now be imposed by 



CARB through the 2017 Scoping Plan given California’s comprehensive scheme of agency-



allocated land use obligations (certain agencies—such as California Department of Fish and 
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Game, the Regional Water Quality Control Boards, and the Coastal Commission—already 



possess land use authority or obligations based on statutory or voter-approved schemes).  



204. If CARB intends that other agencies be imbued with similar land use authority, it 



should ask the Legislature for such authority for those agencies, not its own Board. The “Vibrant 



Communities” Appendix should be struck from the 2017 Scoping Plan for this reason. 



205. Less housing that is more expensive (urban growth boundary)100, increased 



housing cost (CEQA mitigation measure fees), and ever-worsening gridlock resulting in ever- 



lengthier commutes with ever-increasing vehicular emissions and ever-reduced time at home with 



children, is the dystopian “necessity” built into the “Vibrant Communities” appendix.   



206. Bureaucrats and tech workers in the “keyboard” economy who can work remotely, 



with better wages, benefits and job security that remove the economic insecurity of lifetime renter 



status, should be just fine. They can live in small apartments in dense cities filled with coffee 



shops and restaurants, rely on home delivery of internet-acquired meals and other goods, and 



enjoy “flextime” jobs that avoid the drudgery of the five-day work week model.  



207. But for the rest of the California populace—including particularly the people 



(disproportionately minorities) staffing those restaurants and coffee shops, delivering those 



goods, providing home healthcare and building and repairing our buildings and infrastructure, and 



those Californians that are actually producing food and manufacturing products that are 



consumed in California and around the world—“Vibrant Communities” is where they can’t afford 



to live, where they sleep in their cars during the week, where they fall into homelessness for 



missing rental payments because of an illness or injury to themselves or a family member.101 For 



these folks, “Vibrant Communities” amounts to an increase in poverty, homelessness, and 



premature “despair deaths” as well as permanent drop outs from the work force. 



                                                 
100 Shishir Mathur, Impact of Urban Growth Boundary on Housing and Land Prices: Evidence 
from King County, Washington, Journal of Housing Studies Vol. 29 – Issue 1 (2014), 
https://tandfonline.com/doi/abs/10.1080/02673037.2013.825695. 
101 Alastair Gee, Low-income workers who live in RVs are being 'chased out' of Silicon Valley 
streets, The Guardian (June 29 2017), https://www.theguardian.com/us-news/2017/jun/29/low-
income-workers-rvs-palo-alto-california-homeless.  
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208. For the foregoing reasons, the “Vibrant Communities” appendix is an unlawful 



and unconstitutional attempt by CARB to supplant existing local land use law and policy 



processes with a top-down regime that is both counterproductive and discriminatory against 



already-disadvantaged minority Californians, including but not limited to Petitioners. 



E. CARB’s Inadequate Environmental Analysis and Adverse Environmental 



Effects of the 2017 Scoping Plan 



209. Along with the 2017 Scoping Plan, CARB prepared an EA purporting to comply 



with CEQA requirements.102  



210. Under its certified regulatory program, CARB need not comply with requirements 



for preparing initial studies, negative declarations, or environmental impact reports. CARB’s 



actions, however, remain subject to other provisions of CEQA. CEQA Guidelines § 15250. 



211. CARB’s regulatory program is contained in 17 C.C.R. §§ 60005, 60006, and 



60007. These provisions require the preparation of a staff report at least 45 days before the public 



hearing on a proposed regulation, which report is required to be available for public review and 



comment. It is also CARB's policy “to prepare staff reports in a manner consistent with the 



environmental protection purposes of [ARB’s] regulatory program and with the goals and policies 



of [CEQA].” The provisions of the regulatory program also address environmental alternatives 



and responses to comments on the EA. 



212. For purposes of its CEQA review, CARB defined the project as the Proposed 



Strategy for Achieving California’s 2030 Greenhouse Gas Target (Scoping Plan) and the 



recommended measures in the 2017 Plan (Chapter 2).  



213. The Draft EA was released on or about January 20, 2017 for an 80-day public 



review period that concluded on or about April 10, 2017. 



214. On or about November 17, 2017, CARB released the Final EA. CARB did not 



modify the Draft EA to bring it into compliance with CEQA’s requirements. 



                                                 
102 CARB has a regulatory program certified under Pub. Res. Code § 21080.5 and pursuant to this 
program CARB conducts environmental analyses to meet the requirements of CEQA. 
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215. The Final EA provides a programmatic analysis of the potential for adverse 



environmental impacts associated with implementation of the 2017 Scoping Plan. It also 



describes feasible mitigation measures for identified significant impacts.  



216. The Final EA states that, although the 2017 Scoping Plan is a State-level planning 



document that recommends measures to reduce GHG emissions to achieve the 2030 target, and its 



approval does not directly lead to any adverse impacts on the environment, implementation of the 



measures in the Plan may indirectly lead to adverse environmental impacts as a result of 



reasonably foreseeable compliance responses.  



217. The Final EA also states that CARB expects that many of the identified potentially 



significant impacts can be feasibly avoided or mitigated to a less-than-significant level either 



when the specific measures are designed and evaluated (e.g., during the rulemaking process) or 



through any project-specific approval or entitlement process related to compliance responses, 



which typically requires a project-specific environmental review. 



218. The EA violated CEQA by failing to comply with its requirements in numerous 



ways, as described below. 



1. Deficient Project Description 



219. The EA’s Project description was deficient because CARB did not assess the 



“whole of the project” as required by CEQA. The GHG Housing Measures are included in the 



2017 Scoping Plan (in Chapters 2 and 5) and thus the “project” for CEQA purposes should have 



been defined to include potential direct and indirect impacts on the environment from the four 



GHG Housing Measures. Instead, CARB described the Project for CEQA purposes as the 



measures only in Chapter 2 of the 2017 Scoping Plan.  



220. CARB has acknowledged that Chapter 5 of the 2017 Scoping Plan (which sets out 



the new GHG Housing Measures) was not part of what it analyzed in issuing the Scoping Plan. In 



CARB’s words, “These recommendations in the ‘Enabling Local Action’ subchapter of the 
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Scoping Plan are not part of the proposed ‘project’ for purposes of CEQA review.”103 Thus, 



CARB admits that it did not even pretend to analyze the consequences of the provisions of 



Chapter 5 of the Scoping Plan.  



221. The VMT reduction requirement is part of the Scoping Plan Scenario presented in 



Chapter 2 in the “Mobile Source Strategy”.104 Chapter 2 is included in the description of the 



Project in the EA but Chapter 5 is not, despite the fact that the VMT reduction mandate is found 



in both chapters.  



222. For this reason, CARB applied an unreasonable and unlawful “project” definition 



and undermined CEQA’s informational and decision-making purposes. 



2. Improper Project Objectives 



223. The Project objectives in the EA are also improperly defined in relation to the 



2017 Scoping Plan, the unlawful GHG Housing Measures, and the goals explained in the 2017 



Scoping Plan.105 The EA states that the primary objectives of the 2017 Scoping Plan are: 



 Update the Scoping Plan for achieving the maximum technologically feasible and 



cost-effective reductions in GHG emissions to reflect the 2030 target; 



 Pursue measures that implement reduction strategies covering the State’s GHG 



emissions in furtherance of executive and statutory direction to reduce GHG 



emissions to at least 40 percent below 1990 levels by 2030; 



 Increase electricity derived from renewable sources from one-third to 50 percent; 



 Double efficiency savings achieved at existing buildings and make heating fuels 



cleaner; 



 Reduce the release of methane and other short-lived climate pollutants; 



                                                 
103 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
104 Scoping Plan, p. 25 Table 1: Scoping Plan Scenario (listing Mobile Source Strategy (Cleaner 
Technology and Fuels [CTF] Scenario)). 
105 Appendix F to 2017 Scoping Plan, Final Environmental Analysis for the Strategy for 
Achieving California’s 2030 Greenhouse Gas Target, p. 10-11, 
https://www.arb.ca.gov/cc/scopingplan/2030sp_appf_finalea.pdf. 
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 Pursue emission reductions that are real, permanent, quantifiable, verifiable and 



enforceable;  



 Achieve the maximum technologically feasible and cost-effective reductions in 



GHG emissions, in furtherance of reaching the statewide GHG emissions limit; 



 Minimize, to the extent feasible, leakage of emissions outside of the State;  



 Ensure, to the extent feasible, that activities undertaken to comply with the 



measures do not disproportionately impact low-income communities; 



 Ensure, to the extent feasible, that activities undertaken pursuant to the measures 



complement, and do not interfere with, efforts to achieve and maintain the 



NAAQS and CAAQS and reduce toxic air contaminant (“TAC”) emissions; 



 Consider overall societal benefits, including reductions in other air pollutants, 



diversification of energy sources, and other benefits to the economy, environment, 



and public health;  



 Minimize, to the extent feasible, the administrative burden of implementing and 



complying with the measure;  



 Consider, to the extent feasible, the contribution of each source or category of 



sources to statewide emissions of GHGs;  



 Maximize, to the extent feasible, additional environmental and economic benefits 



for California, as appropriate;  



 Ensure that electricity and natural gas providers are not required to meet 



duplicative or inconsistent regulatory requirements. 



224. Because CARB used the unlawful “cumulative gap” methodology to calculate the 



emission reductions that it was required to achieve by 2030, the 2017 Scoping Plan does not meet 



the project objectives as described in the EA, i.e., to meet the 2030 Target.  



225. As explained throughout this Petition, CARB’s 2017 Scoping Plan and the 



unlawful GHG Housing Measures are not cost-effective, are contrary to law, are not equitable to 



all Californians, and will increase criteria and TAC emissions preventing attainment of the 



NAAQS and CAAQS 
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226. For this reason, other alternatives to the 2017 Scoping Plan, including an 



alternative without the GHG Housing Measures, should have been assessed in the EA. 



3. Illegal Piecemealing 



227. CEQA requires an environmental analysis to consider the whole of the project and 



not divide a project into two or more pieces to improperly downplay the potential environmental 



impacts of the project on the environment.   



228. CARB improperly piecemealed its 2017 Scoping Plan and the GHG Housing 



Measures within it from its similar and contemporaneous SB 375 GHG target update.106 Both 



projects address mandated GHG reductions based on VMT and thus should have been addressed 



as one project for CEQA purposes. 



229. In separately issuing the 2017 Scoping Plan and the SB 375 GHG target update, 



CARB improperly piecemealed a project under CEQA and thus the EA is inadequate as a matter 



of law. 



4. Inadequate Impact Analysis 



230. The analysis in the EA also was deficient because the EA did not analyze impacts 



from implementing the four GHG Housing Measures in Chapter 5, including, but not limited to, 



the CEQA net zero threshold, the VMT limits, and per capita GHG CAP targets, and the suite of 



Vibrant Communities measures.  



231. Potential environmental impacts from these GHG Housing Measures overlap 



substantially with similar high density, transit-oriented, automobile use reduction measures 



included in regional plans to reduce GHGs from the land use and transportation sectors under SB 



375.  CARB has reviewed and approved more than a dozen SB 375 regional plans, each of which 



is informed by its own “programmatic environmental impact report (“PEIR”).  



232. Each PEIR for each regional plan has identified multiple significant adverse 



environmental impacts which cannot be avoided or further reduced with feasible mitigation 



                                                 
106 California Air Resources Board, Updated Final Staff Report, Proposed Update to the SB 375 
Greenhouse Gas Emission Reduction Targets (Feb. 2018), 
https://www.arb.ca.gov/cc/sb375/sb375.htm. 
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measures or alternatives.107 In the first regional plan adopted for the SCAG region, California’s 



most-populous region, the PEIR compared the impacts of developing all new housing within 



previously-developed areas in relation to developing half of such new housing in such areas, and 



the other half in previously-undeveloped areas near existing major infrastructure like freeways.   



233. The SCAG 2012 PEIR concluded that the all-infill plan caused substantially more 



unavoidable significant adverse environmental impacts in relation to the preferred plan which 



divided new development equally between infill and greenfield locations.108  



234. Following public comments and refinement of the PEIR (inclusive of the addition 



and modification of various mitigation measures to further reduce significant adverse 



environmental impacts), SCAG approved the mixed infill/greenfield plan instead of the all-infill 



alternative. CARB then approved SCAG’s plan—first in 2012 and then again in 2016—as 



meeting California’s applicable statutory GHG reduction mandates.109   



235. The Scoping Plan’s GHG Housing Measures now direct an infill only (or mostly 



infill) outcome, which SCAG’s 2012 PEIR assessed and concluded caused far worse 



environmental impacts, even though it would result in fewer GHG emissions. In other words, 



SCAG’s PEIR—and the other regional land use and transportation plan PEIRs prepared under SB 



375—all disclosed a panoply of adverse non-GHG environmental impacts of changing 



California’s land use patterns, and shaped both their respective housing plans and a broad suite of 



mitigation measures to achieve California’s GHG reduction mandates while minimizing other 



adverse environmental impacts to California.  



                                                 
107 See SB 375 “Sustainable Communities Strategies” review page at 
https://www.arb.ca.gov/cc/sb375/sb375.htm, which includes links to the regional land use and 
transportation plans for multiple areas (which then further link to the PEIRs).  
108 SCAG, Final PEIR for the 2012-2035 RTP/SCS (April 2012),  
http://rtpscs.scag.ca.gov/Pages/Final-2012-PEIR.aspx. 
109 CARB Executive Order accepted the SCAG determination that its regional plan that balanced 
infill and greenfield housing development, and increased transit investments to encourage greater 
transit use without any VMT reduction mandate, would meet the GHG reduction targets 
mandated by law. See generally https://www.arb.ca.gov/cc/sb375/sb375.htm. 
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236. CARB’s willful refusal to acknowledge, let alone analyze, the numerous non-GHG 



environmental impacts of its GHG Housing Measures in the 2017 Scoping Plan EA is an 



egregious CEQA violation.  



237. Based on the greater specificity and the significant unavoidable adverse non-GHG 



environmental impacts identified in regional SB 375 plan PEIRs, the EA here clearly did not fully 



analyze the potential adverse environmental impacts from creating high-density, transit-oriented 



development that will result from the measures in the 2017 Scoping Plan, such as: 



 Aesthetic impacts such as changes to public or private views and character of existing 



communities based on increased building intensities and population densities; 



 Air quality impacts from increases in GHG, criteria pollutants, and toxic air 



contaminant emissions due to longer commutes and forced congestion that will occur 



from the implementation of the VMT limits in the 2017 Scoping Plan; 



 Biological impacts from increased usage intensities in urban parks from substantial 



infill population increases; 



 Cultural impacts including adverse changes to historic buildings and districts from 



increased building and population densities, and changes to culturally and religiously 



significant resources within urbanized areas from increased building and population 



densities; 



 Urban agriculture impacts from the conversion of low intensity urban agricultural uses 



to high intensity, higher density uses from increasing populations in urban areas, 



including increasing the urban heat island GHG effect; 



 Geology/soils impacts from building more structures and exposing more people to 



earthquake fault lines and other geologic/soils hazards by intensifying land use in 



urban areas; 



 Hazards and hazardous materials impacts by locating more intense/dense housing and 



other sensitive uses such as schools and senior care facilities near freeways, ports, and 



stationary sources in urbanized areas; 
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 Hydrology and water quality impacts from increasing volumes and pollutant loads 



from stormwater runoff from higher density/intensity uses in transit-served areas as 



allowed by current stormwater standards; 



 Noise impacts from substantial ongoing increases in construction noise from 



increasing density and intensity of development in existing communities and ongoing 



operational noise from more intensive uses of community amenities such as extended 



nighttime hours for parks and fields; 



 Population and housing impacts from substantially increasing both the population and 



housing units in existing communities; 



 Recreation and park impacts from increasing the population using natural preserve and 



open space areas as well as recreational parks; 



 Transportation/traffic impacts from substantial total increases in VMT in higher 



density communities, increased VMT from rideshare/carshare services and future 



predicted VMT increases from automated vehicles, notwithstanding predicted future 



decrease in private car ownership; 



 Traffic-gridlock related impacts and multi-modal congestion impacts including noise 



increases and adverse transportation safety hazards in areas of dense multi-modal 



activities; 



 Public safety impacts due to impacts on first responders such as fire, police, and 



paramedic services from congested and gridlocked urban streets; and 



 Public utility and public service impacts from substantial increases in population and 



housing/employment uses and demands on existing water, wastewater, electricity, 



natural gas, emergency services, libraries and schools. 



238. CARB failed to complete a comprehensive CEQA evaluation of these and related 



reasonably foreseeable impacts from forcing all or most development into higher densities within 



existing urban area footprints, intentionally increasing congestions and prohibiting driving, and 



implementing each of the many measures described in the “Vibrant Communities” appendix. The 
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EA failed to identify, assess, and prescribe feasible mitigation measures for each of the significant 



unavoidable impacts identified above. 



F. CARB’s Insufficient Fiscal Analysis and Failure To Comply with the APA’s 



Cost-Benefit Analysis Requirements 



239. The APA sets out detailed requirements applicable to state agencies proposing to 



“adopt, amend or repeal any administrative regulation.” Gov. Code § 11346.3. 



240. CARB is a state agency with a statutory duty to comply with the rulemaking laws 



and procedures set out in the APA. 



241. The APA requires that CARB, “prior to submitting a proposal to adopt, amend, or 



repeal a regulation to the office [of Administrative Law], shall consider the proposal’s impact on 



business, with consideration of industries affected including the ability of California businesses to 



compete with businesses in other states. For purposes of evaluating the impact on the ability of 



California businesses to compete with businesses in other states, an agency shall consider, but not 



be limited to, information supplied by interested parties.” Gov. Code § 11346.3(a) (2). 



242. The APA further requires that “[a]n economic assessment prepared pursuant to this 



subdivision for a major regulation proposed on or after November 1, 2013, shall be prepared in 



accordance with subdivision (c), and shall be included in the initial statement of reasons as 



required by Section 11346.2.” Gov. Code § 11346.3(a)(3). 



243. CARB’s new GHG Housing Measures will have an economic impact on California 



business enterprises and individuals in an amount exceeding fifty million dollars ($50,000,000) 



and therefore constitute a “major regulation” within the meaning of the APA and the California 



Department of Finance regulations incorporated therein. Gov. Code § 11346.3(c); 1 C.C.R. § 



2000(g). 



244. In adopting its 2017 Scoping Plan, CARB has failed to comply with these and 



other economic impact analysis requirements of the APA. 



245. The 2017 Scoping Plan continues CARB’s use of highly aggregated 



macroeconomic models that provide almost no useful information about potential costs and 
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impacts in industries and households. The LAO, an independent state agency, has consistently 



pointed out the flaws in CARB’s approach since the first Scoping Plan was developed in 2008.  



246. CARB’s disregard of the APA’s economic impact analysis requirements in issuing 



the 2017 Scoping Plan is only the latest example of a repeated flouting of the APA’s requirements 



in pursuit of its pre-determined regulatory goals. The inadequacy of CARB’s compliance with 



APA requirements has been documented in multiple LAO documents, including the following:  



● In a November 17, 2008 letter to Assembly Member Roger Niello,110 the LAO found 



that “ARB’s economic analysis raises a number of questions relating to (1) how 



implementation of AB 32 was compared to doing BAU, (2) the incompleteness of 



the ARB analysis, (3) how specific GHG reduction measures are deemed to be cost-



effective, (4) weak assumptions relating to the low-carbon fuel standard, (5) a lack 



of analytical rigor in the macroeconomic modeling, (6) the failure of the plan to lay 



out an investment pathway, and (7) the failure by ARB to use economic analysis to 



shape the choice of and reliance on GHG reduction measures.”  



● In a March 4, 2010 letter to State Senator Dave Cogdill,111 the LAO stated that while 



large macroeconomic models used by CARB in updated Scoping Plan assessments 



can “capture some interactions among broad economic sectors, industries, consumer 



groupings, and labor markets,” the ability of these models to “adequately capture 



behavioral responses of households and firms to policy changes is more limited. 



Additionally, because the data in such models are highly aggregated, they capture at 



best the behavioral responses of hypothetical “average” households and firms and do 



not score well in capturing and predicting the range of behavioral responses to 



policy changes that can occur for individual or subgroupings of households or firms. 



As a result, for example, the adverse jobs impacts—including job losses associated 



with those firms that are especially negatively impacted by the Scoping Plan—can 



                                                 
110 LAO, http://www.lao.ca.gov/2008/rsrc/ab32/AB32_scoping_plan_112108.pdf. 
111 LAO, http://www.lao.ca.gov/reports/2010/rsrc/ab32_impact/ab32_impact_030410.aspx. 
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be hard to identify since they are obscured within the average outcome.” The letter 



further noted multiple ways that the SP could affect jobs.  



● Similarly, in a June 16, 2010 letter to Assembly Member Dan Logue,112 the LAO 



found that CARB’s revision to CARB’s 2008 Scoping Plan analysis “still exhibits a 



number of significant problems and deficiencies that limit its reliability. These 



include shortcomings in a variety of areas including modeling techniques, 



identification of the relative marginal costs of different SP measures, sensitivity and 



scenario analyses, treatment of economic and emissions leakages, identification of 



the market failures used to justify the need for the regulations selected, analysis of 



specific individual regulations to implement certain Scoping Plan measures, and 



various data limitations.” As a result, the LAO concluded that, contrary to CARB’s 



statutory mandates, “The SP May Not Be Cost-Efficient.” Given these and other 



issues, it is unclear whether the current mix and relative importance of different 



measures in the Scoping Plan will achieve AB 32’s targeted emissions reductions in 



a cost-efficient manner as required.” 



● In a June 2017 presentation to the Joint Committee on Climate Change Policies, 



Overview of California Climate Goals and Policies,113 and after the draft 2017 



Scoping Plan had been released for public review, the LAO concluded that “To date, 



there have been no robust evaluations of the overall statewide effects—including on 



GHG reductions, costs, and co-pollutants—of most of the state’s major climate 



policies and spending programs that have been implemented.” 



247. CARB’s persistent failure to address the APA’s economic analysis requirements, 



and its penchant for “jumping the gun” by taking actions without first complying with CEQA and 



other rulemaking requirements, also has drawn criticism from the courts.  



                                                 
112 LAO, http://www.lao.ca.gov/reports/2010/rsrc/ab32_logue_061610/ab32_logue_061610.pdf. 
113 LAO, http://lao.ca.gov/handouts/resources/2017/Overview-California-Climate-Goals-Policies-
061417.pdf. 
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248. In Lawson v. State Air Resources Board (2018) 20 Cal.App.5th 77, 98, 110-116  



(“Lawson”), the Fifth District Court of Appeal, in upholding Judge Snauffer’s judgment, found 



both that CARB “violated CEQA by approving a project too early” and that it also violated the 



APA. The Court explained the economic impact assessment requirements of the APA 



“granularly” to provide guidance to CARB for future actions and underscored that “an agency’s 



decision to include non-APA compliant interpretations of legal principles in its regulations will 



not result in additional deference to the agency”, because to give weight or deference to an 



improperly-adopted regulation “would permit an agency to flout the APA by penalizing those 



who were entitled to notice and opportunity to be heard but received neither.” Id. at 113. Despite 



these recent warnings, CARB has chosen to proceed without complying with CEQA or the APA. 



249. CARB’s use of the improper “cumulative gap” methodology to determine the 



GHG reductions it claims are necessary for the 2017 Scoping Plan to meet the 2030 Target means 



that the inputs for the CARB FA were improper. The FA, which is supposed to inform 



policymakers and the public about the cost-effectiveness and equity of the Scoping Plan 



measures, is based on meeting the 621 MMTCO2e GHG “cumulative gap” reduction requirement 



invented by CARB.  



250. In fact, the final FA adopted by CARB indicates that an earlier version was based 



on the asserted “need” to fill an even larger “cumulative gap” of 680 MMTCO2e. This improper 



analysis renders the FA and the cost analysis required under the APA invalid. 



G. The Blatantly Discriminatory Impacts of CARB’s 2017 Scoping Plan 



251. CARB has recognized that “[i]t is critical that communities of color, low-income 



communities, or both, receive the benefits of the cleaner economy growing in California, 



including its environmental and economic benefits.” Scoping Plan, p. 15.   



252. The GWSA specifically provides, at H&S Code § 38565, that: “The state board 



shall ensure that the greenhouse gas emission reduction rules, regulations, programs, mechanisms, 



and incentives under its jurisdiction, where applicable and to the extent feasible, direct public and 



private investment toward the most disadvantaged communities in California and provide an 



opportunity for small businesses, schools, affordable housing associations, and other community 





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "Board,"
[New text]: "Board (2018)"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Delete�


text


"(2018)"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "-76"
[New text]: "-76-FIRST AM."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "WRIT/COMPLAINT"
[New text]: "WRIT/COMP."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "DECL./INJUNCTIVE"
[New text]: "DECL./INJ."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "12345678910111213141516171819202122232425262728"
[New text]: "18CECG01494"
The following text attributes were changed: 
   font











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-77- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



institutions to participate in and benefit from statewide efforts to reduce greenhouse gas 



emissions.” 



253. CARB’s standards, rules, and regulations also must, by statute, be consistent with 



the state goal of providing a decent home and suitable living environment for every Californian. 



H&S Code § 39601(c). This includes affordable housing near jobs for hard working, low-income 



minority families.  



254. California produces less than one percent of global GHG emissions, and has lower 



per capita GHG emissions than any other large state except New York, which unlike California 



still has multiple operating nuclear power plants to reduce its GHG emissions.114   



255. As Governor Brown and many others have recognized, California’s climate 



change leadership depends not on further mass reductions of the one percent of global GHG 



emissions generated within California, but instead on having other states and nations persuaded to 



follow the example already set by California.  



256. In any event, as recently demonstrated in a joint study completed by scholars from 



the University of California at Berkeley and regulators at the Bay Area Air Quality Management 



District (“BAAQMD”)115, high wealth households cause far more global GHG emissions than 



middle-class and poor households. The Scoping Plan ignores this undisputed scientific fact and 



unfairly, and unlawfully, seeks to burden California’s minority and middle-class households in 



need of affordable housing with new regulatory costs and burdens that do not affect existing, 



wealthier homeowners who “already have theirs”.   



257. California has the nation’s highest poverty rate, highest housing prices, greatest 



housing shortage, highest homeless population—and highest number of billionaires.116 While it is 



                                                 
114 U.S. Energy Information Agency, State Carbon Dioxide Emissions Data, October 2017,  
https://www.eia.gov/environment/emissions/state/. 
115 BAAQMD and Cool Climate Network at UC Berkeley, Consumption Based GHG Emissions 
Inventory (2016), http://www.baaqmd.gov/research-and-data/emission-inventory/consumption-
based-ghg-emissions-inventory. 
116 David Friedman, Jennifer Hernandez, California’s Social Priorities, Holland & Knight, 
Chapman University Press (2015), https://perma.cc/XKB7-4YK4; Liana Fox, The Supplemental 
Poverty Measure: 2016, U.S. Census Bureau Report Number: P60-261, Table A-5 (Sept. 21, 
2017), https://www.census.gov/library/publications/2017/demo/p60-261.html. 
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not the function of the courts to address economic inequalities, the federal and state Constitutions 



prohibit the State from enacting regulatory provisions that have the inevitable effect of 



unnecessarily and disproportionately disadvantaging minority groups by depriving them of access 



to affordable housing that would be available in greater quantity but for CARB’s new GHG 



Housing Measures.  



258. Members of hard working minority families, in contrast to wealthier white elites, 



currently are forced to “drive until they qualify” for housing they can afford to own, or even 



rent.117 As a result, long-commute minority workers and their families then suffer a cascading 



series of adverse health, educational and financial consequences.118 



259. It is well-documented and undisputed, in the record that the current housing 



shortage—which CARB’s regulations would unnecessarily exacerbate—falls disproportionately 



on minorities. As stated in a United Way Study, “Struggling to Get By: The Real Cost Measure in 



California 2015” 119: “Households led by people of color, particularly Latinos, disproportionately 



are likely to have inadequate incomes. Half (51%) of Latino households have incomes below the 



Real Cost Measure,120 the highest among all racial groups. Two in five (40%) of African 



American households have insufficient incomes, followed by other races/ethnicities (35%), Asian 



Americans (28%) and white households (20%).” Put simply, approximately 80% of the poorest 



households in the State are non-white families.  



                                                 
117 Mike McPhate, California Today: The Rise of the Super Commuter, N.Y. Times (Aug. 21, 
2017), https://www.nytimes.com/2017/08/21/us/california-today-super-commutes-stockon.html; 
Conor Dougherty, Andrew Burton, A 2:15 Alarm, 2 Trains and a Bus Get Her to Work by 7 A.M., 
N.Y. Times (Aug. 17, 2017), https://www.nytimes.com/2017/08/17/business/economy/san-
francisco-commute.html. 
118 Rebecca Smith, Here’s the impact long commutes have on your health and productivity, 
Business Insider (May 22, 2017), http://www.businessinsider.com/long-commutes-have-an-
impact-on-health-and-productivity-2017-5. 
119 Betsy Block et al, Struggling to Get By: The Real Cost Measure in California 2015 (2016), p. 
10, 
https://www.norcalunitedway.org/sites/norcalunitedway.org/files/Struggling_to_Get_By_3.pdf. 
120 The United Way study uses the “Real Cost Measure” to take account of a family budget to 
meet basic needs, composed of “costs all families must address such as food, housing, 
transportation, child care, out-of-pocket health expenses, and taxes.”  Id., p. 8.  
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260. As noted in the same report: “Housing costs can consume almost all of a 



struggling household’s income. According to Census Bureau data, housing (rent, mortgage, 



gas/electric) makes up 41% of household expenses in California. . . . Households living above the 



Federal Poverty Level but below the Real Cost Measure spend almost half of their income on rent 



(and more in many areas), and households below the Federal Poverty Level, however, report 



spending 80% of their income on housing, a staggering amount that leaves precious little room 



for food, clothing and other basics of life.” Id., p. 65.121  



261. As further documented in the United Way report presented to CARB: 



“Recognizing that households of all kinds throughout the state are struggling should not obscure 



one basic fact: race matters. Throughout Struggling to Get By, we observe that people of Latino 



or African American backgrounds (and to a lesser extent Asian American ones) are less likely to 



meet the Real Cost Measure than are white households, even when the families compared share 



levels of education, employment backgrounds, or family structures. While all families face 



challenges in making ends meet, these numbers indicate that families of color face more obstacles 



in attempting to achieve economic security.”122 



262. Against this background, CARB’s new GHG Housing Measures, which 



disproportionately harm housing-deprived minorities while not materially advancing the cause of 



GHG reductions, cannot be justified. CARB’s new GHG Housing Measures, facially and as 



applied to the housing sector in particular, are not supported by sound scientific analysis and are 



in fact counterproductive. CARB’s new GHG Housing Measures establish presumptive legal 



standards under CEQA that currently impose, as a matter of law, costly new mitigation 



obligations that apply only to housing projects proposed now and in the future to meet 



                                                 
121 In addition, family wealth of homeowners has increased in relation to family wealth of renters 
over time and a homeowners’ net worth is 36 times greater than a renters’ net worth. Jesse 
Bricker, et al., Changes in US Family Finances from 2010 to 2013: Evidence from the Survey of 
Consumer Finances, 100 Fed. Reg. Bull. 4 (Sept. 2014), 
https://www.federalreserve.gov/pubs/bulletin/2014/articles/scf/scf.htm. 
122 Id. p. 75. Studies predict that the 2014-2016 dataset will show a wealth differential between 
homeowners and renters of 45 times. Lawrence Yun, How Do Homeowners Accumulate Weath?, 
Forbes (Oct. 14, 2015), https://www.forbes.com/sites/lawrenceyun/2015/10/14/how-do-
homeowners-accumulate-wealth/#7eabbecd1e4b. 
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California’s current shortfall of more than three million homes that experts and the Governor-



elect agree are needed to meet current housing needs. Two specific examples are provided below. 



263. By establishing a new “net zero” GHG CEQA significance threshold for all new 



projects, CARB has created a new legal obligation for such new projects to “mitigate” to a “less 



than significant” level all such GHG impacts. The California Air Pollution Control Officers 



Association (“CAPCOA”), which consists of the top executives of all of the local and regional air 



districts in California, has developed a well-established model for calculating GHG emissions 



from such new projects called The California Emissions Estimator Model (“CalEEMod”).123 This 



model is in widespread use throughout the state, and has been determined by the California 



Supreme Court to be a valid basis for estimating GHG emissions from residential projects for 



purposes of CEQA. Newhall, supra, 62 Cal.4th at 217-218. 



264. CalEEMod calculates GHG emissions for 63 different types of development 



projects, including multiple types of residential projects. The scientific and legal framework of 



CalEEMod is the foundational assumption that all GHG project emissions are “new” and would 



not occur if the proposed project was not approved or built.   



265. Within this overall framework, CalEEMod identifies GHG emissions that occur 



during construction (e.g., from construction vehicles and construction worker vehicular trips to 



and from the project site), and during ongoing project occupancy by new residents. GHG 



occupancy or “operational” emissions include GHG emissions from offsite electricity produced to 



serve the project, from onsite emissions of GHG from natural gas appliances, from on- and off-



site GHG emissions associated with providing drinking water and sewage treatment services to 



the project, from vegetation removal and planting, and from vehicular use by project occupants 



on an ongoing basis.  See, e.g., Appendix A of CalEEMod124; South Coast Air Quality 



Management District User’s Guide to CalEEMod125. 
                                                 
123 Available at: http://www.caleemod.com/. 
124 CalEEMod Appendix A: Calculation Details for CalEEMOd, available at: 
http://www.aqmd.gov/docs/default-source/caleemod/caleemod-appendixa.pdf. 
125 CalEEMod User’s Guide, available at: http://www.aqmd.gov/docs/default-
source/caleemod/01_user-39-s-guide2016-3-2_15november2017.pdf?sfvrsn=4. 
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266. Under the CalEEMod CEQA compliance framework, if the project does not occur 



then the GHG emissions do not occur—notwithstanding the practical and obvious fact that people 



who cannot live in new housing they can afford must still live somewhere, where they will still 



engage in basic activities like consuming electricity, drinking water, and driving cars. 



267. Under CEQA, a “significant” environmental impact is required to be “mitigated” 



by measures that avoid or reduce the significance of that impact by all “feasible” means. Pub. 



Res. Code § 21102. The CEQA Guidelines define “feasible” as “capable of being accomplished 



in a successful manner within a reasonable period of time, taking into account economic, 



environmental, legal , social and technological factors.” 14 C.C.R. § 15364. 



268. The first of two examples of immediate and ongoing harm relates to the increased 



cost of housing caused by the “net zero” threshold. Before the 2017 Scoping Plan was approved, 



no agency or court had ever required a “net zero” GHG threshold. The only example of a 



residential project that met this target involved a voluntary commitment by the project applicant 



to a “net zero” project, in which 49% of the project’s GHG emissions were “offset” by GHG 



reductions to be achieved elsewhere (e.g., funding the purchase of cleaner cook stoves in Africa) 



and paid for by higher project costs.   



269. There is no dispute that funding these types of GHG reduction measures 



somewhere on Earth is “feasible” taking into account three of CEQA’s five “feasibility” factors 



(environmental, social and technological). With housing costs already nearly three times higher in 



California than other states, home ownership rates far lower, and housing-induced poverty rates 



the highest in the nation, it remains possible – in theory – to demonstrate that in the context of a 



given housing project, adding $15,000-$30,000 more to the price of a home to fund the purchase 



of cleaner cook stoves in Africa, for example, would not be “legally” or “economically” feasible.   



270. This theoretical possibility of demonstrating that any particular mitigation cost 



results in “economic infeasibility” has not succeeded, however, for any housing project in the 



nearly-50 year history of CEQA. A lead agency decision that a mitigation measure is infeasible 



must be supported by substantial evidence in the record—effectively the burden is placed on the 



project applicant to prove this latest “net zero” increment of mitigation costs is simply too 
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expensive and will make the project “infeasible.”  No court has found that a housing project has 



met this burden. See, e.g., Uphold our Heritage v. Town of Woodside (2007) 147 Cal.App.4th 



587. Further, this infeasibility evaluation applies to the applicant for the housing project, not 



prospective future residents—simply raising housing prices affordable only to wealthier buyers.   



271. The CEQA mitigation criterion of legal infeasibility is likewise illusory when 



applied to the GHG mitigation measures required to achieve a “net zero” significance threshold.  



Although there is some judicial precedent recognizing that lead agencies cannot impose CEQA 



mitigation obligations outside their jurisdictional boundaries (e.g, in adjacent local jurisdictions), 



this precedent—like OPR’s definitive regulatory conclusion that CEQA cannot be used to impose 



a “net zero” threshold even and specifically within the context of GHG—is directly challenged by 



the 2017 Scoping Plan, which cited with approval the one “net zero” GHG residential project that 



relied in part on offsite (off-continent) GHG reduction measures.   



272. This “legal infeasibility” burden of proof also is extremely high under CEQA. For 



example, the California Supreme Court considered in City of San Diego, et al. v. Board of 



Trustees of California State University (2015) 61 Cal.4th 945, the University’s “economic 



infeasibility” argument in relation to making very substantial transfer payments to local 



government to help fund local highway and transit infrastructure, which would be used in part by 



the growing student, faculty and staff for the San Diego campus. Although the Court 



acknowledged that the Trustees had expressly requested, and been denied, funding by the 



Legislature to help pay for these local transportation projects, the Court did not agree this was 



adequate to establish economic infeasibility under CEQA since the Trustees could have sought 



alumni donations or funding from other sources, or elected to stop accommodating new students 



in San Diego and instead grown other campuses with potentially lower costs.   When CARB’s 



“net zero” GHG measures are coupled with the “legal infeasibility” burden of proof, the result is a 



legal morass  that frustrates the efforts of local governments to implement the Legislature’s pro-



housing laws and policies, to the detriment of under-housed minorities, including Petitioners. 



273. The second example of immediate and ongoing harm is CARB’s direct 



intervention in projects already in CEQA litigation by opining on the acceptable CEQA 
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mitigation for GHG emissions from fuel use, which typically create the majority of GHG 



emissions from new housing projects. In a long series of evolving regulations including most 



recently the 2018 adoption of new residential Building Code standards126, and in compliance with 



the consumer protection and cost-effectiveness standards required for imposing new residential 



Building Code requirements established by the Legislature ( Pub. Resources Code §§ 



25402(b)(3), (c)(1); 25943(c)(5)(B)), California law requires new residences to be better 



insulated, use less electricity, install the most efficient appliances, use far less water (especially 



for outdoor irrigation), generate electricity (from rooftop solar or an acceptable alternative), and 



transition to future electric vehicles. These and similar measures have substantially reduced the 



GHG emissions from ongoing occupancy of new housing.   



274. Under the CalEEMod methodology, however, gasoline and hybrid cars used by 



new residents are also counted as “new” GHG emissions attributed to that housing project – and 



these vehicular GHG emissions now account for the vast majority of a typical housing project’s 



GHG emissions.127   



275. In 2017, the Legislature expanded its landmark “Cap and Trade” program 



establishing a comprehensive approach for transitioning from fossil fuels to electric or other zero 



GHG emission technologies, which already includes a “wells to wheels” program for taxing oil 



and natural gas extraction, refinement, and ultimate consumer use.128  CARB has explained that 



the Cap and  Trade Program requires fuel suppliers to reduce GHG emissions by supplying low 



                                                 
126 See California Building Standards Commission, 2018 Triennial Code Adoption Cycle, 
available at: 
http://www.bsc.ca.gov/Rulemaking/adoptcycle/2018TriennialCodeAdoptionCycle.aspx. See also 
California Energy Code, California Code of Regulations, Title 24, Part 6; Building Energy 
Efficiency Standards (2019 update). 
127 In the Northlake project challenged in a comment letter citing noncompliance with the 2017 
Scoping Plan discussed supra ¶ 42, for example, total project GHG emissions after mitigation 
were 56,722 metric tons, of which mobile sources from vehicles comprised 53,863 metric tons.  
Los Angeles County, Draft Supplemental EIR (May 2017), Table 5.7-3 (p. 5.7-26), available at  
https://scvhistory.com/scvhistory/files/northlakehills_deir_0517/northlakehills_deir_0517.pdf  
128 A.B. 398, 2017 (California Global Warming Solutions Act of 2006: market-based compliance 
mechanisms: fire prevention fees: sales and use tax manufacturing exemption).  
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carbon fuels or purchasing allowances to cover the GHG emissions produced when the 



conventional petroleum-based fuels they supply are burned.   



276. Specifically, as part of the formal rulemaking process for the Cap and Trade 



Legislation, CARB staff explained in its Initial Statement of Reasons for the Proposed Regulation 



to Implement the California Cap and Trade Program, that:  



 To cover the emissions from transportation fuel combustion and that of other fuels by 
residential, commercial, and small industrial sources, staff proposes to regulate fuel 
suppliers based on the quantifies of fuel consumed by their customers. … Fuel suppliers 
are responsible for the emissions resulting from the fuel they supply.  In this way, a fuel 
supplier is acting on behalf of its customers who are emitting the GHGs … Suppliers of 
transportation fuels will have a compliance obligation for the combustion of emissions 
from fuel that they sell, distribute, or otherwise transfer for consumption in California. … 
[B]ecause transportation fuels and use of natural gas by residential and commercial users 
is a significant portion of California’s overall GHG emissions, the emissions from these 
sources are covered indirectly through the inclusion of fuel distributers [in the Cap and 
Trade program].”(emphasis added).129  



277. CARB’s express recognition of the fact that the Cap and Trade program “covers” 



emissions from the consumption of fossil fuels in the Cap and Trade regulatory approval process, 



in marked contrast with the challenged Housing Measures in the 2017 Scoping Plan, was subject 



to its own comprehensive environmental and economic analysis – which in no way disclosed, 



analyzed, or assessed the impacts of forcing residents of new housing to pay for GHG emission 



reductions from their fossil fuel uses at the pump (and in electricity bills) like their already-



housed neighbors, and then paying again – double-paying – in the form extra GHG mitigation 



measures for the same emissions, resulting in higher housing costs.   



278. The 2017 Scoping Plan likewise entirely omitted any analysis of the double-



charging of residents of new homes for GHG emissions from the three million new homes the 



state needs to build to solve the housing crisis.  Simply put, CARB should not now be permitted 



to use what purports to be only an “advisory” 2017 Scoping Plan to disavow and undermine its 



                                                 
129 CARB. October 2011. California’s Cap-And-Trade Program Final Statement of Reasons, p. 2: 
https://www.arb.ca.gov/regact/2010/capandtrade10/fsor.pdf; (incorporating by reference CARB. 
October 28, 2010. Staff Report: Initial Statement of Reasons for the Proposed Regulation to 
Implement the California Cap-and-Trade Program Part 1, Vol. 1, pp. II-10, II-20, II-21, 11-53: 
https://www.arb.ca.gov/regact/2010/capandtrade10/capisor.pdf) 
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formal rulemaking statement for the Cap and Trade regulations, nor can CARB use this asserted 



“advisory” document to invent the new CEQA GHG mitigation mandates (and preclude use of 



Cap and Trade as CEQA mitigation) without going through a new regulatory process to amend its 



Cap and Trade program. 



279. Whether compliance with Cap and Trade for fossil fuels used to generate 



electricity or power cars used by a particular project is an adequate mitigation measure for GHG 



under CEQA has been hotly contested in past and pending CEQA lawsuits. In Newhall, supra, 62 



Cal.4th 204, one of the approved GHG compliance pathways for CEQA identified by the Court 



was compliance with applicable laws and regulations. That case was extensively briefed by 



numerous advocates (see Opening Brief on the Merits, Center for Biological Diversity v. 



California Department of Fish and Game (2015) 62 Cal.4th 204 (No. 5-S217763), and 



Consolidated Reply Brief, Center for Biological Diversity v. California Department of Fish and 



Game, (2015) 62 Cal.4th 204  (No. 9-S217763),  which urged the Court to conclude as a matter of 



law that CEQA requires “additive” mitigation beyond what is otherwise required to comply with 



applicable environmental, health and safety laws.   



280. Neither the appellate courts nor Supreme Court have imposed this novel 



interpretation of the GHG mandates imposed by CEQA as a newly discovered legal requirement 



lurking within this 1970 statute.  As noted above, the Supreme Court declined to do so by 



expressly recognizing that compliance with law was one of several compliance “pathways” for 



addressing GHG impacts under CEQA.  (Newhall, supra, 62 Cal.4th at 229). (See also, Center for 



Biological Diversity et al. v. Department of Fish and Game (2014) 224 Cal.App.4th 1105. )130  



281. Consistent with this Supreme Court directive, and informed by both the 



Legislative history of the Cap and Trade program and by CARB’s contemporaneous explanation 



that compliance with Cap and Trade is indeed the sole GHG mitigation required for fossil fuel 



use, several projects have mitigated GHG emissions from fossil fuel by relying on the legislated, 



                                                 
130 This appellate court decision, which was reversed and remanded by the Supreme Court 
decision in the same case, is cited as evidence for the proposition that what constitutes adequate 
mitigation for GHG impacts under CEQA has been hotly contested in the courts. 
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and regulated,  Cap and Trade program and similar legislative as well as regulatory mandates to 



reduce GHG emissions from fossil fuel.  This has been accomplished through measures such as 



the Low Carbon Fuel Standards, which collectively and comprehensively mandate prescribed 



reductions in GHG emissions from fossil fuel use.   



282. This approach has been expressly upheld by the Fifth District Court of Appeal in 



Association of Irritated Residents v. Kern County Bd. of Supervisors (2017) 17 Cal.App.5th 708 



(“AIR”). Although the project at issue was a refinery source that was itself clearly included within 



the category of industrial operations directly regulated by the Cap and Trade Program, opponents 



challenged that project’s reliance on the Cap and Trade program for non-refining GHG emissions 



such as GHG emissions produced offsite by the electricity producers that provided power to the 



consumer power grid, and by vehicles used by contractors and employees engaged in refinery 



construction and operational activities.  See, e.g., Appellants’ Opening Brief, AIR, *5th Dist. Case 



No. F073892 (December 9, 2016) at 29 (arguing that “[c]ap-and-trade does not apply to 



greenhouse gas emissions from trains, trucks, and building construction . . . .”) and at 34-35 



(arguing that participation in the cap and trade program is inadequate mitigation for project 



emissions).  The CEQA lead agency and respondent project applicant argued that reliance on Cap 



and Trade as CEQA mitigation was lawful and sufficient under CEQA.  See Joint Respondents’ 



Brief, AIR, 5th Dist. Case No. F073892 (March 10, 2017), at 52-56 (arguing that “The EIR 



Properly Incorporated GHG Emission Reductions Resulting From Cap-and-Trade In The 



Environmental Analysis”).  



283. The Fifth District concluded that compliance with the Cap and Trade program for 



the challenged project were adequate CEQA GHG mitigation.  That case was then unsuccessfully 



challenged, and unsuccessfully petitioned for depublication, by numerous advocates that 



continued to assert that CEQA imposes an “additive” GHG mitigation obligation that could not 



be met by paying the higher fuel costs imposed by the Cap and Trade program.131   



                                                 
131 See Letter from CARB to City of Moreno Valley regarding Final Environmental Impact 
Report for World Logistics Center, available at: 
https://www.arb.ca.gov/toxics/ttdceqalist/logisticsfeir.pdf. 
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284. California already has the highest gasoline prices of any state other than Hawaii. 



CARB has consistently declined to disclose how much gasoline and diesel prices would increase 



under the 2017 Cap and Trade legislation. The non-partisan LAO completed an independent 



analysis of this question, and in 2017 concluded that under some scenarios, gasoline would 



increase by about 15¢ per gallon – and in others by about 73¢ per gallon. The LAO also noted 



that these estimated increases in gasoline prices “are an intentional design feature of the 



program.”132   



285. By using CEQA mitigation mandates created by the Scoping Plan to require only 



the disproportionately minority occupants of critically needed future housing to double-pay (both 



at the pump and in the form of higher housing costs imposed as a result of CEQA mitigation for 



the same fuel consumption), CARB has established a disparate new financial burden that is 



entirely avoided by those generally whiter, wealthier, and older Californians who have the good 



fortune of already occupying a home.   



286. Both CARB and the Attorney General have acted in bad faith, and unlawfully, in 



their public description of and subsequent conduct regarding the immediate effectiveness and 



enforcement of the 2017 Scoping Plan.   



287. First, in a written staff report distributed at the December 17, 2017 hearing at 



which the CARB Board approved the Scoping Plan, CARB staff misled the public and its Board 



by pretending that the challenged Housing Measures are simply not part of the Scoping Plan at 



all, and thus need not be considered as part of the environmental or economic study CARB was 



required to complete as part of the Scoping Plan approval process.  This assertion flatly 



contradicted an earlier description of the immediately-implementing status of these Housing 



Measures made in a public presentation by a senior CARB executive. 



288. Next, the Attorney General repeatedly advised this Court that the challenged 



Housing Measures were merely “advisory” and explained “the expectation that new measures 



proposed in the [Scoping] plan would be implemented through subsequent legislation or 



                                                 
132 LAO, https://lao.ca.gov/letters/2017/fong-fuels-cap-and-trade.pdf. 
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regulations.”  (Memorandum of Points and Authorities in Support of Demurrer to Plaintiff’s 



Verified Petition for Writ of Mandate, Case No. 18-CECG-01494 (August 31, 2018), p. 8:18-19 



(“AG Memo”)).  The AG Memo argued that the disparate harms caused by such measures are not 



ripe because such subsequent implementing legislative or regulatory actions “have yet to be 



taken” (Reply Memorandum in Support of Defendants California Air Resources Board and 



Richard Corey’s Demurrer to Plaintiffs’ Verified Petition for Writ of Mandate etc., Case No. 18-



CECG-01494(October 16, 2018), p. 2:6-7 (“AG Reply Memo”), and that Petitioners’ assertions 



that the challenged Housing Measures would result in litigation disputes aimed at stopping or 



increasing the cost of housing was “wildly speculative” (AG Memo, p. 10:7).  Further the 



Attorney General argued that the 2017 Scoping Plan “cannot be reasonably viewed as providing a 



valid basis for filing suit under CEQA.” (AG Memo, p. 14:15)  The same arguments were 



advanced in this Court’s hearing on October 26, 2018. 



289. Meanwhile, however, and virtually simultaneously with making contrary 



assertions to this Court, both the Attorney General and CARB were filing comment letters 



(precedent to CEQA lawsuits), and the Attorney General filed an amicus brief in a CEQA lawsuit, 



to challenge the legality of a CEQA lead agency’s mitigation measure (in one case) and proposed 



General Plan element approval (in another case) based on alleged failure to comply with 



applicable Housing Measures in the Scoping Plan. 



290. CARB’s (and the Attorney General’s) claims that the 2017 Scoping Plan is merely 



“advisory”  and that its future effects  are merely “speculative” (as well as  its express denial at 



the December 2017 hearing on the 2017 Scoping Plan that the four challenged GHG Housing 



Measures are even part of the Plan), have been belied by the  actual  use of the 2017 Scoping Plan 



by CARB and the Attorney General themselves, as well as by third party agencies and anti-



housing project CEQA litigants.  Among the recent examples of the use of the Scoping Plan are 



the following:  



A. CARB September 7, 2018 Comment Letter:   Before even completing its 



Demurrer briefing to this Court,  on September 7, 2018, CARB filed a comment 



letter criticizing the revised Final Environmental Impact Report for the World 
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Logistics Center project. A copy of this letter can be found at 



https://www.arb.ca.gov/toxics/ttdceqalist/logisticsfeir.pdf.  CARB’s comment 



letter opines that as an absolute and unambiguous matter of law, compliance with 



the Cap and Trade program is not a permissible mitigation under CEQA.  CARB’s 



comment dismisses as “novel” the contention that compliance with laws and 



regulations requiring  reductions in GHG can be, and is in fact, a permissible and 



legally sufficient mitigation measure under CEQA.  Strikingly, CARB’s letter 



simply ignores the Newhall decision.  As for the Fifth District’s on-point decision 



in AIR, CARB’s letter states (at p. 11, note 23) that, “[i]n CARB’s view this case 



was wrongly decided as to the Cap-and-Trade issue . . . .”  Thus, CARB in its 



public comments is urging permitting agencies to disregard court decisions on 



GHG issues and instead to follow CARB’s supposedly “advisory” Scoping Plan 



policies, which it cites extensively .  This type of CEQA “expert agency” letter can 



be used by the agency itself, if it chooses to file a lawsuit against an agency 



approving a project in alleged noncompliance with CEQA, or it can be used for its 



evidentiary value (and expert agency opinions are presumptively entitled to greater 



deference) by any other third party filing a CEQA lawsuit against that project, or 



even in another lawsuit raising similar issues provided that the CARB comment 



letter is submitted in the agency proceeding that is targeted by such second and 



subsequent lawsuits. 



B. Attorney General’s September 7, 2018 Comment Letter: Also on September 7, 



2018, the Attorney General (“AG”) joined CARB in criticizing the World 



Logistics Project’s GHG analysis in a comment letter that prominently featured the 



2017 Scoping Plan.  A copy of this letter can be found at 



https://oag.ca.gov/sites/all/files/agweb/pdfs/environment/comments-revised-



sections-feir.pdf.  Like CARB, the AG relied on the Scoping Plan to measure the 



adequacy of GHG measures under CEQA.  Also like CARB, the AG sought to 



sidestep the Fifth District’s AIR decision, but did so “[w]ithout commenting on 





Compare: Replace�


text


[Old text]: "310.Petitioners objected to CARB’s approvals"
[New text]: "Logistics Center project. A copy"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "the GHG Housing Measures prior to the close of the final public hearings on"
[New text]: "this letter can be found at https://www.arb.ca.gov/toxics/ttdceqalist/logisticsfeir.pdf."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "2017 Scoping Plan"
[New text]: "comment letter opines that as an absolute"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "raised each"
[New text]: "unambiguous matter"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Insert�


text


"law, compliance with"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " legal deficienciesasserted in this Petition. 311.Petitioners have performed all conditions precedent to"
[New text]: "Cap and Trade program is not a permissible mitigation under CEQA. CARB’s comment dismisses as “novel”"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "filing of this Petition, including complying"
[New text]: "contention that compliance"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Insert�


text


"laws and regulations requiring reductions in GHG can be, and is in fact, a permissible and legally sufficient mitigation measure under CEQA. Strikingly, CARB’s letter simply ignores"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " requirements of Pub. Res. Code section 21167.5 by serving noticeof"
[New text]: "Newhall decision. As for"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " commencement of"
[New text]: "Fifth District’s on-point decision in AIR, CARB’s letter states (at p. 11, note 23) that, “[i]n CARB’s view"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "action prior"
[New text]: "case was wrongly decided as"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Delete�


text


"filingit with this Court.SIXTH CAUSE OF ACTION"





Compare: Delete�


graphic


Matching graphic not found





Compare: Delete�


text


"(Violations of APA,Gov. Code §11346et seq.)312.Petitionershereby re-allegeandre-incorporate herein by reference"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "allegations of paragraphs 1-311above.313.Under the APA and other applicable law,"
[New text]: "Cap-and-Trade issue ... .” Thus,"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Insert�


text


"in its public comments"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "required"
[New text]: "urging permitting agencies to disregard court decisions on GHG issues and instead"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "comply with regulations issued"
[New text]: "follow CARB’s supposedly “advisory” Scoping Plan policies, which it cites extensively . This type of CEQA “expert agency” letter can be used"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "Department of Finance (“DOF”) before issuing"
[New text]: "agency itself, if it chooses to file"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "“major regulation.”Specifically, the APA (Gov. Code § 11346.3(c))requires that CARB prepare"
[New text]: "lawsuit against an agency approving"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " standardized regulatory impact assessment (“SRIA”)"
[New text]: "project"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "aform, and"
[New text]: "alleged noncompliance"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "content, that meets requirements set"
[New text]: "CEQA, or it can be used for its evidentiary value (and expert agency opinions are presumptively entitled to greater deference)"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " the DOF in its separate regulations (1 C.C.R. § 2000 et seq.). 314.CARB’s GHG HousingMeasuresconstitute"
[New text]: "any other third party filing"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " major regulationsubject to the APA’s requirement"
[New text]: "CEQA lawsuit against"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "such regulations be promulgated"
[New text]: "project, or even"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "compliance with DOF regulations.315.Section 2003 of DOFregulations (1 C.C.R.§ 2003(a)) (“Methodology forMakingEstimates”) provides that, “[i]n conducting"
[New text]: "another lawsuit raising similar issues provided that"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Delete�


text


"SRIA required by Section 11346.3”,"





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " “shalluse an economic impact method and approach"
[New text]: "comment letter is submitted in the agency proceeding"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "has all of the followingcapabilities:(1) Can estimate the total economic effects of changes due to regulatory policies over a multi-year time period.(2)Can generate California economic variable estimates"
[New text]: "is targeted by"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "aspersonal income, employment by economic sector, exports"
[New text]: "second"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "imports, and gross state product, based"
[New text]: "subsequent lawsuits. B.Attorney General’s September 7, 2018 Comment Letter: Also"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "interindustry relationships that are equivalent"
[New text]: "September 7, 2018, the Attorney General (“AG”) joined CARB"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "structure to"
[New text]: "criticizing"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " Regional IndustryModelingSystem published by"
[New text]: "World Logistics Project’s GHG analysis in a comment letter that prominently featured"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "Bureau"
[New text]: "2017 Scoping Plan. A copy"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "Economic Analysis.(3)Can produce (to"
[New text]: "this letter can be found at https://oag.ca.gov/sites/all/files/agweb/pdfs/environment/comments-revisedsections-feir.pdf. Like CARB, the AG relied on the Scoping Plan to measure"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " extent possible) quantitative estimates"
[New text]: "adequacy"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "economic variables that address or facilitate"
[New text]: "GHG measures under CEQA. Also like CARB,"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " quantitative or qualitative estimation of"
[New text]: "AG sought to sidestep"
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: " following."
[New text]: "Fifth District’s AIR decision, but did so “[w]ithout commenting on"
The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "-89"
[New text]: "-89-FIRST AM."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "WRIT/COMPLAINT"
[New text]: "WRIT/COMP."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "DECL./INJUNCTIVE"
[New text]: "DECL./INJ."
The following text attributes were changed: 
   font





Compare: Replace�


text


The following text attributes were changed: 
   font





Compare: Replace�


text


[Old text]: "12345678910111213141516171819202122232425262728"
[New text]: "18CECG01494"
The following text attributes were changed: 
   font











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-90- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



whether or not that case was rightly decided” in the AG’s opinion (p. 6).  The 



Attorney General’s comment letter relies on the 2017 Scoping Plan in opining that 



“CEQA requires” the CEQA lead agency to “evaluate the consistency of the 



Project’s substantial increases in GHG emissions with state and regional plans and 



policies calling for a dramatic reduction in GHG emissions”   The AG goes on to 



conclude that the lead agency engaged in a “failure to properly mitigate” impacts 



as required by CEQA because the project’s “increase in GHG emissions conflicts 



with the downward trajectory for GHG emissions necessary to achieve state 



climate goals.” The AG again cites the 2017 Scoping Plan text in explaining that, 



unless they mandate CEQA GHG mitigation measures that go beyond compliance 



with applicable GHG reduction laws and regulations, “local governments would    



. . .  not be doing their part to help the State reach its ambitious, yet necessary, 



climate goals.”  [AG letter at p. 7-11]    



C. Attorney General’s November 8, 2018 Amicus Filing:  A third example  is 



provided by the AG’s November 8, 2018 filing of an “Ex Parte Application of 



People of the State of California for Leave to File Amicus Curiae Brief in Support 



of Petitioners” in Sierra Club, et al. v. County of San Diego (Nov. 8, 2018) No. 37-



2018-00014081-CU-TT-CTL (San Diego Superior Court).  A true copy of this Ex 



Parte Application and accompanying AG memorandum is attached hereto as 



Exhibit 1.  A copy of the underlying Sierra Club petition, into which the AG has 



sought to inject the Scoping Plan, is attached hereto as Exhibit 2.  In the amicus 



filing (Exhibit 1), the Attorney General asserts that he “has a special role in 



ensuring compliance with CEQA”, and that he “has actively participated in CEQA 



matters raising issues of greenhouse gas (“GHG”) emissions and climate change.” 



(Application at 3:16, 24-25.)   The challenged San Diego County Climate Action 



Plan actually includes and requires implementation of the 2017 Scoping Plan’s 



“recommended” Net Zero GHG CEQA threshold for new projects, but was 



nevertheless challenged in this lawsuit the grounds that it did not also mandate a 
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reduction in Vehicle Miles Traveled because it allowed the County to approve new 



housing projects that fully mitigated (“Net Zero GHG”) all GHG emissions but 



still resulted in an increase in VMT from residents living in this critically needed 



new housing.  Petitioners in the consolidated proceedings in this case have claimed 



that based on the state’s climate laws including the 2017 Scoping Plan, the County 



could not lawfully approve any amendment to its General Plan to accommodate 



any of the state’s three million home shortfall unless such housing was higher 



density (e.g., apartments) and located inside or immediately adjacent to existing 



urban areas served by transit, because only that type of housing and location could 



result in the required reduction in VMT.  Petitioners in these cases further 



identified the pending housing projects they believed could not be approved by the 



County.  Petitioners sought (and obtained) injunctive relief to prevent such 



housing projects from relying on this “Net Zero” GHG  Climate Action Plan as 



allowed by one of the CEQA compliance pathways identified by the Supreme 



Court in its Newhall decision, and identified by the Legislature itself in CEQA 



compliance provisions set forth in SB 375.  In his  amicus brief, the Attorney 



General repeatedly cites CARB’s 2017 Scoping Plan as the legal basis for a new 



mandate that allegedly prohibits San Diego County (and all other counties) from 



meeting any part of the housing shortfall with more traditional homes (e.g., small 



“starter” homes and duplexes, which cost less than a third to build than higher 



density apartment units), or from locating these new homes anywhere other than 



an existing developed city or unincorporated community.  The Attorney General 



also falsely argues that VMT reductions are mandated by other state laws; 



however, no law enacted by the California Legislature mandates any VMT 



reduction, and the Legislature has repeatedly rejected enacting such a mandate.133   



                                                 
133  The Attorney General further argues that VMT reductions are required by SB 375, 
which is designed to reduce GHG (not VMT) with land use and transportation plans, even 
though SB 375 specifically directs CARB to develop compliance metrics and CARB has 
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291. CARB cannot have it both ways: it cannot coyly claim that the 2017 Scoping Plan 



is merely “advisory” and then fire into the end of a second round of CEQA documentation for a 



single project a new legal conclusion that upends the published judicial precedents of our courts. 



The AG similarly cannot assure this Court that it is “wildly speculative” for a CEQA lawsuit to be 



filed in reliance on the challenged measures in the 2017 Scoping Plan, and then six days later file 



an amicus in a CEQA lawsuit that does just that. If CARB wants to change Cap and Trade laws 



and regulations, and other GHG reduction laws and regulations applicable to fossil fuels, to make 



those not already fortunate enough to have housing pay both at the pump, and in their down-



payment/mortgage and rent check, for “additive” GHG reductions above and beyond what their 



more fortunate, generally whiter, wealthier and older well-housed residents have to pay, then that 



is first and foremost a new mandate that can only be imposed by the Legislature given direct court 



precedent on this issue.   



292. If such a mandate were proposed by the Legislature, a full and transparent debate 



about the disparate harms such a proposal would confirm that those most affected by the housing 



crisis, including disproportionately our minority communities, would suffer the equivalent of yet 



another gasoline tax on those least able to pay, and most in need of new housing.   Petitioners are 



confident that the Legislature would not approve such a proposal. 



293. Even these few examples of direct CARB and Attorney General implementation 



actions of the 2017 Scoping Plan to require more mitigation or block new housing demonstrate 



the immediate and ongoing harm of the 2017 Scoping Plan’s challenged Housing Measures, 



which CARB and the Attorney General have opined impose higher CEQA “mitigation” costs on 



housing under a “net zero”  GHG mitigation framework, and block otherwise lawful new housing 



altogether under the Scoping Plan’s “VMT reduction” framework.  The harms caused by these 



Housing Measures is not “wildly speculative”— they are already underway.  They already 



disproportionately affect California minority communities not already blessed with wealth and 



                                                 
itself repeatedly declined to require VMT reduction compliance metrics under SB 37 as 
late as December of 2017 and March of 2018.  
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homeownership, and they are already the subject of both administrative and judicial proceedings. 



They are properly and timely before this Court.  The following paragraphs provide additional 



evidence of ripeness in the context of the three other challenged Housing Measures, beyond the 



“Net Zero” GHG threshold and corresponding mitigation mandates described above. 



294. The 2017 Scoping Plan’s new numeric thresholds for local climate action plans 



present similarly immediate and ongoing harms to Petitioner/Plaintiffs.  In its Newhall decision, 



the California Supreme Court concluded that one of the “pathways” for CEQA compliance was 



designing projects that complied with a local Climate Action Plan (“CAP”) having the then-



applicable GHG statutory reduction mandate of reducing GHG emissions to 1990 levels by 2020. 



295. Housing projects that complied with a local CAP had been duly approved by the 



same local governments responsible for planning and approving adequate housing for our 



minority communities.  This provided a judicially streamlined pathway for GHG CEQA 



compliance for housing.  Local CAPs include community-scale GHG reduction strategies such as 



pedestrian, bicycle and transit improvements that are beyond the ability of any single housing 



project to invent or fully fund, and thus CAP compliance is a known and legally-defensible 



CEQA GHG compliance pathway. The Scoping Plan destroyed that pathway, and accordingly 



caused and is causing immediate harm to new housing projects that could otherwise rely on the 



CAP compliance pathway for CEQA. 



296. There is no statutory obligation for a city or county to adopt a CAP, nor are there 



any regulations prescribing the required contents of a CAP; instead, a CAP’s primary legal 



relevance to proposed new housing projects occurs within the CEQA compliance context.   



297. There has been a flurry of unresolved and ongoing CEQA interpretative issues 



with respect to CAPs that have been and remain pending in courtrooms throughout California. 



For example, in the City of San Diego and the County of Sonoma, multi-year lawsuits have 



resulted in two judicial decisions that make clear that any jurisdiction electing to voluntarily 



approve a CAP must assure that the CAP has clear, adequate and enforceable measures to achieve 



the GHG reduction metric included in the CAP.  See Sierra Club v. County of San Diego (2014) 



231 Cal.App.4th 1152; California Riverwatch v. County of Sonoma (July 20, 2017) Case No. 
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SCV-259242 (Superior Court for the County of Sonoma)134; see also Mission Bay Alliance, et. al. 



v. Office of Community Investment and Infrastructure, et. al. (2016) 6 Cal.App.5th 160 



(upholding the adequacy of a CAP as CEQA compliance for a new professional sports facility). 



298. The new numeric GHG per capita metric that the 2017 Scoping Plan prescribes as 



the presumptively correct GHG reduction target for CAPs places the entire burden of achieving 



the state’s legislated 40% reduction target by 2030, and the unlegislated 80% reduction target by 



2050, on local governments, with for example a numeric GHG reduction target of 2 tons per 



person per year by 2050. However, as the 2017 Scoping Plan itself makes clear, the vast majority 



of GHG emissions derive from electric power generation, transportation,  manufacturing, and 



other sectors governed by legal standards, technologies, and economic drivers that fall well 



beyond the land use jurisdiction and control of any local government. The Scoping Plan does not 



even quantify the GHG reductions to be achieved by local governments, in their voluntary caps or 



otherwise: it seeks to define and achieve the state’s GHG reduction mandates with measures 



aimed at specific GHG emission sectors. 



299. The 2018 San Diego County CAP, adopted after the County lost its first CEQA 



lawsuit, adopts both CARB’s numeric GHG targets—and the mandate that new housing projects 



entirely absorb the additional cost of fully offsetting GHG emissions in compliance with the “net 



zero” standard by paying money to fund GHG reduction projects somewhere on earth. The San 



Diego CAP both proves the immediacy of the disparate mitigation cost harms of the Scoping 



Plan’s imposition of even higher costs to housing critically needed by California’s minority 



communities, and provides a case study in the anti-housing legal morass created by the 2017 



Scoping Plan’s ambiguous—and unexamined from an equity, environmental, economic 



disclosure or public review process—new CEQA “net zero” threshold and CAP per capita 



numeric standards.  



                                                 
134 The trial court order in California Riverwatch v. County of Sonoma is cited herein as evidence 
for the existence of CEQA litigation challenges to local climate action plans and not as legal 
precedent. The order is available at: http://transitionsonomavalley.org/wp-
content/uploads/2017/07/Order-Granting-Writ-7-20-17.pdf. 
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300. San Diego County faces its third round of CAP litigation (with the prior two 



rounds still ongoing in various stages of judicial remand and review) in a lawsuit filed in 2018, in 



which the same group of petitioners allege that the County again failed to include sufficient 



mandatory measures to achieve the 2017 Scoping Plan per capita GHG reduction metric because 



it continued to allow new housing to be built if offsetting GHG reductions were funded by the 



housing project in or outside the County.  A copy of one such lawsuit (consolidated with others) 



is attached for reference as Exhibit 2.  This lawsuit seeks a blanket, County-wide writ of mandate 



that would block “processing of permits for development projects on unincorporated County 



lands” unless these new housing-blocking measures are included. (See Exhibit 2 at p. 17:3-7.)  



The petitioners in these consolidated cases against San Diego County have further made clear that 



their ongoing objections to the County’s CAP were so severe that they had also been compelled 



to file CEQA lawsuits against individual housing projects, and in their lawsuit, they have 



included a list of nearly a dozen pending housing projects that in their judgment should not be 



allowed to proceed.  As described above, the Attorney General filed a request for leave to file an 



amicus brief in this case, accompanied by an amicus brief.  See Exhibit 1.   Based on CARB’s 



2017 Scoping Plan, the AG has sought to bolster to the petitioners’ anti-housing CEQA lawsuits, 



including their claims that designated housing projects in unincorporated San Diego County 



cannot lawfully be approved or built based on VMT impacts, even if all GHG impacts are 



mitigated to “net zero.”    



301. This CEQA morass of extraordinary GHG reduction costs imposed only on 



residents of newly constructed housing, with still pending and unresolved CEQA lawsuit 



challenges against the CAP and specific housing projects, for GHG reductions that are not even 



quantified, let alone critical to California’s climate leadership, is itself an ample demonstration of 



the disparate harms of CARB’s poorly-conceived and discriminatory GHG Housing Measures. 



302. The Scoping Plan’s VMT reduction measure is likewise causing immediate, 



ongoing, and disparate harm to California’s minority communities who are forced to drive ever-



greater distances to find housing they can afford to buy or rent.  As in the case of local climate 



action plans, there is no statewide statutory or regulatory mandate for reducing VMT. The 
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Legislature considered and rejected imposing a VMT reduction mandate, and CARB considered 



and rejected imposing a VMT reduction mandate as part of the regional land use and 



transportation planning mandated under SB 375 (first postponing its decision in December of 



2017, at the same hearing CARB approved the Scoping Plan – and then definitively rejecting it in 



March of 2018).   



303. At these hearings, CARB was informed that VMT had increased in California 



while transit utilization had fallen dramatically notwithstanding billions of dollars in new transit 



system investments. VMT reduction thus could not appropriately be included as SB 375 



compliance metrics and with increases in electric and high efficiency hybrid vehicles, the 



correlation between VMT and GHG emissions is increasingly weak.  



304. Even more than CARB’s other GHG Housing Measures, the VMT reduction 



mandate is uniquely targeted to discriminate against minority workers. The American Community 



Survey (“ACS”) is a project of the U.S. Census Bureau and tracks a wide range of data over 



time—including the ethnicity, transportation mode, and times of California commuters. The ACS 



data demonstrate that in the 10 year period between 2007 and 2016, 1,117,273 more Latino 



workers drove to their jobs, 377,615 more Asian workers drove to their jobs, and 18,590 more 



African American workers drove to their jobs.135  During the same period, 447,063 fewer white 



workers drove to their jobs. Transit utilization increased for white and Asian workers, but fell for 



Latino and African American workers. During the same period, commute times lengthened 



substantially as more people—again disproportionately minorities—were forced to commute 



longer distances to housing they could afford.   



305. By 2016, about 445,000 people in the Bay Area were commuting more than an 



hour each direction—an increase of 75% over the 2006 count of long distance Bay Area 



commuters. Anyone driving between the Bay Area and Central Valley during commute times 



vividly experiences the gridlock conditions, adverse personal health (e.g., stress, high blood 



                                                 
135 David Friedman, Jennifer Hernandez, California, Greenhouse Gas Regulation, and Climate 
Change, Holland & Knight, Chapman University Press (2018), Table 3.7, p. 84, 
https://www.chapman.edu/wilkinson/_files/ghg-fn.pdf. 
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pressure, back pain), and adverse family welfare (e.g., missed dinners, homework assistance, and 



exhaustion) consequences of these commutes.   



306. CARB (and the Attorney General) also have no support for their argument 



disputing the fact that the challenged Housing Measures disproportionately affect minority 



community members.  As early as 2014, CARB received a comprehensive report from NextGen, 



a firm closely aligned with the strongest supporters of California’s climate leadership, urging 



CARB to restructure its electric car subsidy program, which was found to be disproportionately 



benefitting those in Marin County and other wealthier and whiter areas that could afford to 



purchase costly new electric vehicles.  In “No Californian Left Behind,” Next Gen noted the 



obvious: “the overwhelming majority of Californians still use cars to get to work,” including 77% 



who commute alone and 12% who carpool.  Further, “[i]n less densely developed and rural areas 



like California’s San Joaquin Valley, commuters often have long distances to drive between 



home, school, work and shopping; as a result, car ownership is often not a choice, but a 



necessity.”  Even more specifically, the report found that in Fresno County, even for workers 



earning less than $25,000, fewer than 3 percent of commuters take public transportation to work; 



in Madera County, only 0.3% of low-income workers took transit, and the results were 



comparable in in the rest of the San Joaquin Valley.  Next Generation, No Californian Left 



Behind: Clean and Affordable Transportation Options for all through Vehicle Replacement, 



*http://www.thenextgeneration.org/files/No_Californian_Left_Behind_1.pdf (February 27, 2014) 



at p. 9.  NextGen advocated a restructured vehicle program designed to equitably retire and 



replace the oldest most polluting cars, and to shift subsidy and incentive programs to help those 



who are either low income or need rural transport to obtain cleaner, lower-GHG emitting cars.  



(Id. p. 5)   NextGext noted:  



 “California is already a leader in advanced and high tech transportation and transit 



solutions.  It is time we also became a leader in pragmatic solutions for a population that 



is sometimes left behind in these discussions: non-urban, low-income, car-dependent 



households.”   
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The VMT reduction mandate in the 2017 Scoping Plan was specifically identified as CARB was 



fully on notice of the disparate harms caused to minority communities by its approach.   In a 



report submitted to CARB by the climate advocacy group NextGen in February 2014, CARB was 



informed that Central Valley Latinos drive longer distances than any other ethnic group in any 



other part of California—and live in communities and households with the highest poverty rates.   



307. Notwithstanding CARB’s express acknowledgement in March of 2018 (and 



preview in December of 2017) that even the regional transportation and housing plans required by 



SB 375 cannot attain a VMT reduction target, CARB and its fellow “Vibrant Communities 



Appendix” agencies, remain committed to using CEQA to require new projects—including 



housing that is affordable and critically needed for California’s minority communities—to pay 



higher costs to fund VMT reductions through CEQA.  



308. As with the “net zero” GHG mitigation mandate, the immediate and ongoing effect 



of this VMT reduction measure is to increase housing costs to even less affordable and attainable 



levels for California’s minority communities. 



309. Even before enactment of the 2017 Scoping Plan, OPR (the Vibrant Communities 



agency that has the responsibility for adopting regulatory updates to CEQA) had been proposing 



to regulate the act of driving a car (even an electric vehicle or carpool) one mile (one VMT) as a 



new CEQA “impact” requiring “mitigation”— independent of whether the mile that was driven 



actually caused any air quality, noise, GHG, safety, or other impacts to the physical environment.   



310. This expansion of CEQA was prompted in 2013, when OPR was directed by the 



Legislature in SB 743 to adopt a metric other than congestion-related traffic delay in transit-



served “infill” areas as the appropriate transportation impact required to be evaluated and 



mitigated under CEQA, since these neighborhoods were intentionally being planned for higher 



density, transit/bike/pedestrian rather than automobile-dependent, neighborhoods. Pub. Res. Code 



§ 21099(b).  



311. In SB 743, the Legislature authorized but did not require the state Office of 



Planning and Research (OPR) to use VMT as the replacement metric for transit-served areas, and 



authorized but did not require OPR to apply an alternate transportation impact metric outside 
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designated urban infill transit neighborhoods. OPR responded with three separate rounds of 



regulatory proposals, each of which proposed expanding CEQA by making VMT a new CEQA 



impact, and requiring new mitigation to the extent a VMT impact was “significant.” OPR further 



proposed a series of VMT significance thresholds, analytical methodologies, and potential 



mitigation measures, which varied over time but included a “road diet” and measures to 



discourage reducing congestion, on the theory that such congestion could somehow “induce” 



transit use and VMT reductions.   



312. Under all three sets of OPR proposals, projects would be required to do more 



mitigation to reduce significant VMT impacts—by reducing VMT (i.e., reducing GHG or other 



air pollutants is not a valid CEQA mitigation approach for a new VMT impact). OPR received 



scores of comments objecting to expanding CEQA by making driving a mile a new “impact” 



requiring “mitigation,” particularly given the disparate impact such a metric has on minority 



communities and the many adverse impacts to the environment, and public health and welfare, 



caused by the housing crisis and the state’s worst-in-the-nation commutes.    



313. OPR, again and repeatedly citing to the asserted need to reduce VMT to meet 



California’s GHG reduction and climate leadership commitments, held a recent round of 



workshops on VMT mitigation strategies, working in close coordination with CARB’s earlier and 



since-abandoned proposal to include VMT reductions as a required SB 375 regional 



transportation plan compliance measures.   



314. At these workshops, OPR and its outside experts from an Oregon university 



conceded that VMT could likely not be “mitigated” by reducing miles driven by the future 



residents of any particular housing project (e.g., by adding secure bike racks or charging extra for 



parking), since whether people drive a mile or call an Uber—or hop on a bike or bus—is a 



function of available, cost- and time-effective transportation modes as well as the incomes and 



planned destinations of future residents. Agency workshop participants expressly acknowledged 



that VMT had increased 6% over 2011 levels, even though California’s primary climate statutes 



(including many programs designed to promote transit and higher density development, and many 
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billions of dollars in completed transit systems improvements) were in effect during this same 



period.     



315. These experts also conceded that with the success of on-demand ride services like 



Uber and Lyft, including the increasing cost-effectiveness and popularity of voucher-based on-



demand rides by transit agencies in lieu of operating fixed route buses with low and still-declining 



utilization levels, there was no evidence that VMT could be substantially reduced by a particular 



project in a particular location as part of the CEQA review process for that project.   



316. Instead, the VMT mitigation proposals shared during the workshops required that 



new housing pay others to operate school buses, bikeshare, and make improvements to bike and 



pedestrian pathways to the extent these measures could be demonstrated to reduce VMT. The 



suggested VMT mitigation measures had in common the payment of substantial fees (with some 



options suggested requiring annual payments, in perpetuity, of $5000 per apartment or home).    



317. A recent academic study of VMT mitigation under CEQA likewise concedes the 



difficulty of a particular project achieving VMT reductions, and endorses the concept of adding to 



housing and other project costs payments to VMT “banks” or “exchanges” to fund third party 



VMT reductions – VMT reductions that occur somewhere, by someone.   



318. This OPR VMT saga, like CARB’s ultimate decision not to require a VMT 



compliance metric under SB 375, further demonstrates that the 2017 Scoping Plan’s VMT 



reduction mandate measure – which CARB’s senior executive expressly acknowledged was 



intended to be “self-executing” -  is a fundamentally flawed “throw-away” measure that was 



neither acknowledged nor given an equity, environmental, or economic evaluation before being 



included in CARB’s 2017 Scoping Plan. 



319. The last of the challenged GHG Housing Measures is the Vibrant Communities 



Appendix, in which eight state agencies (including OPR) join with CARB in committing to 



undertake a series of actions to implement the approved Scoping Plan.  Some of these agencies 



already have begun implementing the Scoping Plan, to the immediate and ongoing harm of 



California minority communities who are already disproportionately suffering from the housing 



crisis.   
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320. The Vibrant Communities appendix is an “interagency vision for land use, and for 



discussion” (emphasis added) of “State-Level Strategies to Advance Sustainable, Equitable 



Communities and Reduce Vehicles Miles of Travel (VMT).” 2017 Scoping Plan Appendix C, p. 



1. 



321. First, all of disparate and unlawful current and ongoing harms described in 



connection with the Scoping Plan’s VMT Reduction measure apply equally to the actions of other 



State agencies based on the Vibrant Communities appendix measures.  None have a rational basis 



for claiming any actual success in reducing VMT through their respective direct regulatory 



activities. 



322. Second, there is no constraint in the “Vibrant Communities Appendix” preventing 



any of the eight state agency signatories from taking immediate steps to directly enforce these 



“land use” policies, while claiming to “work together to achieve this shared vision and to 



encourage land use and transportation decisions that minimize GHG emissions.”  2017 Scoping 



Plan Appendix C, p. 2. 



323. OPR’s VMT expansion of CEQA, discussed above, is an example of an agency 



action to reduce VMT and GHG that is at least subject to formal rulemaking procedures and is 



thus not yet being “implemented.”   



324. In contrast, in June of 2018, a combination of four Vibrant Communities Appendix 



implementing agencies joined by one other agency136  announced that they would henceforth 



implement – without benefit of any further Legislative or regulatory action –the “December 2017 



Scoping Plan directive”.  This announcement was made at the San Francisco Bay Area Regional 



Meeting announcing the “California’s 2030 Natural and Working Lands Climate Change 



Implementation Plan.”   Consistent with the anti-housing bias built into CARB’s GHG Housing 



Measures, these agencies collectively promised to avoid “conversion of land for development.” 



                                                 
136  The five agencies are: the California Environmental Protection Agency, the California 
Natural Resources Agency, CARB, the California Department of Food and Agriculture, and the 
Coastal Conservancy. 
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325. These five agencies made no exception for developing housing, even for housing 



that CARB has already concluded as part of the SB 375 regional plan process meets California’s 



legislated GHG emission reduction requirements.  These agencies likewise made no exception for 



transportation or other critical infrastructure, even if consistent with local and regional plans, even 



if approved by federal or state agencies other than this five-agency consortium, even if within an 



approved city limit, and even if approved by voters.  Simply put, these agencies – which have 



combinations of funding, permitting, planning and enforcement obligations – have signaled that 



they are not going to approve new development on land that is not already developed.   



326. The sole reed upon which this vast new legal prohibition rests is the 2017 Scoping 



Plan, and more specifically the Vibrant Communities Appendix.  See SF Bay Area Regional 



Meeting, California’s 2020 Natural and Working Lands Climate Change Implementation Plan, 



available at http://resources.ca.gov/wp-content/uploads/2018/08/SF-Bay-Area-NWL-meeting-



presentation-6.18.pdf. 



327. Less than 6% of California is urbanized, and each city and county is charged by 



state law with adopting a General Plan that must accommodate the housing, transportation, and 



infrastructure needs of its existing and planned future residents. Under SB 375, these local land 



use plans are effectively consolidated into regional transportation and land use plans that must 



accommodate future population and economic growth as well as meet CARB targets for reducing 



GHG from the land use sector. Every regional Sustainable Communities Strategy (“SCS”) plan 



includes some combination of housing, infrastructure (including transportation improvements), 



schools and other land uses that are carefully and deliberatively sited within each jurisdiction’s 



boundaries – and adopted only after each local government first complies with CEQA and 



completes an extensive public notice, comment, and hearing process before appointed and elected 



officials.   



328. The decision of the California Department of Fish & Wildlife (“CDFW”) to 



simply stop issuing permits for housing and related infrastructure projects that have already been 



approved by local elected officials, after community input, in compliance with all applicable 



laws—and have further already been approved by CARB, as part of the SB 375 regional plan 
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approval process—is a blatant example an announced harm being committed against housing by a 



state agency in furtherance of CARB’s 2017 Scoping Plan.   



329. Third, consistent with normal practice for lawsuits that include a claim that the 



respondent agency has failed to comply with CEQA, Petitioners elected to prepare the 



administrative record that is relevant to the disposition of this CEQA cause of action. The 



Legislature has specifically prescribed the content of the CEQA administrative record, which 



includes in part: “Any other written materials relevant to the respondent public agency’s 



compliance with this division or to its decision on the merits of the project” and  “all . . . internal 



agency communications, including staff notes and memoranda relating to the project.” Pub. Res. 



Code § 21167.6(c)(10).  



330. Petitioners timely sought the administrative record from CARB, and in another 



normal practice for CEQA lawsuits submitted requests filed under the California Public Records 



Act (“CPRA”) to each of the Vibrant Communities Appendix agencies in relation to each 



agency’s Scoping Plan and Vibrant Communities Appendix, and VMT or other Scoping Plan 



documents.   



331. Many months later, only incomplete responses have been provided by CARB 



(which sought to limit the administrative record in this case to select excerpts from its Scoping 



Plan docket).  



332. Several of the Vibrant Communities Appendix agencies, including CDFW, OPR, 



parent and affiliated agencies of each (Natural Resources Agency and Strategic Growth Council), 



and CalSTA, responded with minimal documents and instead asserted that the requested 



documents were exempt from disclosure under the CPRA because they could result in public 



“controversy.”   



333. One of these partially-responsive agencies admitted that the withheld documents 



involved the highest level of state government, and included legislative proposals. All of these 



partially-responsive agencies declined a second letter request to disclose the withheld documents, 



or provide a privilege log describing each withheld document and the reason for its concealment.  
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334. There is no centralized or otherwise public repository of Vibrant Communities 



Appendix agency documents that disclose to the public their current, planned, or future activities 



with respect to implementing the Scoping Plan. There is likewise no centralized or otherwise 



public repository of which implementing activities are being (or will be) directly undertaken, and 



which will not be undertaken without future rulemaking or authorizing legislation.   



335. From just the “direct” implementation activities noted above—and in particular 



CARB’s intervention in an ongoing CEQA project-level review to opine on GHG mitigation 



requirements in a manner that is contrary to published judicial opinions, and CDFW’s announced 



intention to cease authorizing activities that would convert land to development with no exception 



for new housing or related infrastructure that is already included in approved General Plans, 



infrastructure plans, voter-approved bonds, or CARB-approved Sustainable Communities 



Strategies implementing SB 375, is ample evidence of the immediate and ongoing new costs and 



regulatory obstacles already being imposed by these agency Scoping Plan implementing actions. 



336. CARB’s GHG reduction compliance metric is arbitrary, not supported by science, 



has no rational basis, and is racially discriminatory. In California’s GHG and climate leadership 



laws, the Legislature did not prescribe any specific measurement methodology or compliance 



metric for meeting California’s GHG reduction goals. The methodology and metrics that CARB 



has chosen completely ignore massive GHG emissions that occur when California’s forests burn, 



as has tragically occurred at a large scale for several of the past years, notwithstanding estimates 



that just one major forest fire wipes out an entire year of GHG reductions achieved by CARB’s 



regulatory actions.137 



337. Similarly, CARB does not count—or require reductions of—GHG emissions 



associated with imported foods or other goods, or with a multitude of other activities such as 



airplane trips. However, every time a California resident (or job) leaves California, CARB counts 



that as a GHG reduction—even though the top destinations for the hundreds of thousands of 



                                                 
137 David Friedman, Jennifer Hernandez, California, Greenhouse Gas Regulation, and Climate 
Change, Holland & Knight, Chapman University Press (2017), p. 60-61, 
https://www.chapman.edu/wilkinson/_files/ghg-fn.pdf. 
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Californians who have migrated to lower cost states in recent years, notably including Texas, 



Arizona and Nevada—have per capita GHG emissions that are more than double the emissions 



those same individuals would have if they remained in California.   



338. Climate change and GHG emissions are a global challenge, and nearly tripling the 



GHG emissions of a California family that needs to move to Texas or Nevada to find housing 



they can afford to rent or buy, increases global GHG.   



339. It may be that there are other environmental priorities favored by CARB and its 



allies that justify policies that are in fact resulting in the displacement and relocation of 



California’s minority communities, that reduce the state’s population, and that eliminate higher 



energy production jobs like manufacturing that traditionally provided a middle class income (and 



home ownership) to a hard worker without a college degree. These discriminatory anti-minority 



policies cannot, however, be scientifically, politically, or legally justified in the name of global 



reductions of GHG.   



340. CARB’s International Policy Director on climate, former Obama administration 



senior climate team Lauren Sanchez, admitted that the GHG reduction metrics used by CARB – 



that simply and completely ignores the increased global GHG emissions from forcing 



Californians to live in high GHG states to find housing they can afford to buy with commute 



times that did not damage driver health, family welfare, and the environment - were “flawed” at 



the recent (October 2018) Environmental Law Conference in Yosemite. This admission rebuts the 



politically shocking and legally invalid assertion that it is constitutional for CARB to implement 



racially discriminatory measures (because CARB’s discriminatory objective is merely to force 



minority Californians to either try to live in housing they cannot afford located nowhere near their 



job, or migrate to another state).   



341. The 2017 Scoping Plan is required to reduce California’s share of global GHG 



emissions, but it completely ignores massive emission sources that are controversial within the 



environmental community (e.g. managing California’s massive wildfire risks which result in 



GHG emissions that dwarf CARB’s regulatory GHG reductions, based on what the non-partisan 
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Little Hoover Commission reported in February 2018 as a century of forest mismanagement 



including clashes between environmental agencies). 138   



342. The 2017 Scoping Plan also completely ignores other massive GHG emissions 



attributed to the behavior of wealthier Californians  (e.g., airplane rides, and consumption of 



costly imported consumer products).139  Instead, as summarized a Chapman University Research 



Brief, CARB has administered California’s climate laws with actions such as the 2017 Scoping 



Plan that drive up the fundamental costs of living for ordinary Californians—housing, electricity, 



transportation—and thereby drive more people (and disproportionately minorities) into poverty, 



and out of the state.140   



343. The 2017 Scoping Plan fails even the most rudimentary “rational basis” 



constitutional test, and it is being implemented today by organizations and agencies including 



CARB that are driving up housing costs and blocking housing projects today.  To cause this much 



pain and hardship to this many people, and to place the greatest burdens on those already 



disparately harmed by the housing crisis, is unconscionable.  It is also ongoing, illegal, and 



unambiguously intentional, for CARB to impose these “flawed” GHG reduction metrics that 



cause disparate harms to racial minorities living in California. 



344. The foregoing paragraphs describe agency actions that are exacerbating the State’s 



extreme poverty, homelessness and housing crisis while increasing global GHG emissions by 



driving Californians to higher per capita GHG states.141 



                                                 
138 Little Hoover Commission, Fire on the Mountain: Rethinking Forest Management in the 
Sierra Nevada (February 2018), available at https://lhc.ca.gov/report/fire-mountain-rethinking-
forest-management-sierra-nevada. 
139 Bay Area Air Quality Management District and Cool Climate Network at UC Berkeley, 
Consumption-Based GHG Emissions Inventory: Prioritizing Climate Action for Different 
Locations  (December 15, 2015), available at https://escholarship.org/uc/item/2sn7m83z   
140 Friedman, Id., Summary at p. 7-9. 
141 Philip Reese, California Exports Its Poor to Texas, Other States, While Wealthier People 
Move In, The Sacramento Bee (Mar. 5, 2017), available at 
http://www.sacbee.com/news/state/california/article136478098.html; Drew Lynch, Californians 
Consider Moving Due to Rising Housing Costs, Poll Finds, Cal Watchdog (Sept. 21, 2017), 
available at https://calwatchdog.com/2017/09/21/californians-consider-moving-due-rising-
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345. CARB’s new GHG Housing Measures, individually and collectively, on their face 



and as applied, deprive Petitioners, including but not limited to RODRIGUEZ, MURILLO and 



PEREZ, and other historically-disadvantaged minorities, of the fundamental right to live in 



communities that are free from arbitrary, government-imposed standards whose inevitable effect 



is to perpetuate their exclusion from participation in the housing markets in or near the 



communities in which they work. CARB’s new GHG Housing Measures, individually and 



collectively, on their face and as applied, have a disparate adverse impact on Petitioners, 



including but not limited to RODRIGUEZ, MURILLO and PEREZ, and other historically-



disadvantaged minorities, as compared to similarly-situated non-minorities who currently enjoy 



affordable access to housing near their workplaces.   



346. CARB’s new GHG Housing Measures, on their face and as applied to the sorely-



needed development of new, affordable housing, are arbitrary and not rationally related to the 



furtherance of their purported regulatory goal of reducing overall GHG emissions. 



H. CARB’S GHG Housing Measures Are “Underground Regulations” and Ultra 



Vires 



347. A regulation is defined as “every rule, regulation, order, or standard of general 



application or the amendment, supplement, or revision of any rule, regulation, 



order, or standard adopted by any state agency to implement, interpret, or make specific the law 



enforced or administered by it, or to govern its procedure.” Gov. Code § 11342.600.  



348. State agencies are required to adopt regulations following the procedures 



established in the APA and are prohibited from issuing and enforcing underground regulations. 



Gov. Code § 11340.5. Under the APA, an underground regulation is void. 



349. Each of CARB’s new GHG Housing Measures are being implemented by CARB, 



and other state and local agencies, without further rulemaking or compliance with the APA.   The 



GHG Housing Measures are underground regulations requiring APA compliance, and cannot be 



                                                 
housing-costs-poll-finds/; U.S. Energy Information Agency, State Carbon Dioxide Emissions 
Data, October 2017, available at https://www.eia.gov/environment/emissions/state/. 
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lawfully implemented absent authorizing Legislation or formal rulemaking (inclusive of 



environmental and economic review as required by the APA). 



350. CARB’s new GHG Housing Measures infringe on areas reserved for other State 



agencies in two ways: 



A. Senate Bill (“SB”) 97  directs OPR to develop CEQA significance thresholds via 



the CEQA Guidelines. OPR’s update does not include the Scoping Plan’s 



presumptive CEQA GHG threshold. CARB was expressly allowed by the 



Legislature in SB 97  to adopt a CEQA significance threshold only in the context 



of updates to the CEQA Guidelines, which must undergo a rigorous rulemaking 



process. CARB has acted ultra vires and contrary to the express command of the 



Legislature in adopting its recommended CEQA significance threshold in the 



Scoping Plan. 



B. California has adopted new building standards, which are designed to assure that 



new building code requirements are cost effective (with payback to the 



consumer). “Net zero” new home building standards were not included. CARB has 



no Legislative authority to bypass and frustrate this consumer protection law by 



using CEQA as a workaround to require “net zero”.142   



351. In articulating and publishing its new GHG Housing Measures, CARB has not 



complied with the APA’s rulemaking procedures and requirements. As a consequence, CARB’s 



new GHG Housing Measures are unlawful underground regulations, and should be held to be 



void and of no effect. 



FIRST CAUSE OF ACTION 



(Fair Employment and Housing Act, Gov. Code § 12955 et seq.) 



352. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-351 above, as well as in paragraphs 358-458. 



                                                 
142 See generally California Department of Housing and Community Development, State Housing 
Law Program Laws and Regulations, http://www.hcd.ca.gov/building-standards/state-housing-
law/state-housing-laws-regulations.shtml. 
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353. The Fair Employment and Housing Act (Gov. Code , § 12955 et seq.) (“FEHA”) 



provides, inter alia, that: “It shall be unlawful . . . (l) To discriminate through public or private 



land use practices, decisions, and authorizations, because of race, color,  .  . national origin, 



source of income or ancestry.” 



354. CARB’s new GHG Housing Measures, on their face and as applied, constitute 



public land use practices decisions and/or policies subject to the FEHA. 



355. CARB’s new GHG Housing Measures actually and predictably have a disparate 



negative impact on minority communities and are discriminatory against minority communities 



and their members, including but not limited to Petitioners RODRIGUEZ, MURILLO, and 



PEREZ. 



356. CARB’s new GHG Housing Measures and their discriminatory effect have no 



legally sufficient justification. They are not necessary to achieve (nor do they actually tend to 



achieve) any substantial, legitimate, nondiscriminatory interest of the State, and in any event such 



interests can be served by other, properly-enacted standards and regulations having a less 



discriminatory effect.  



357. Because of their unjustified disparate negative impact on members of minority 



communities, including Petitioners, CARB’s new GHG Housing Measures violate the FEHA, and 



should be declared unlawful and enjoined.  



SECOND CAUSE OF ACTION 



(Federal Housing Act and HUD Regulations, 42 U.S.C. § 3601 et seq.; 24 C.F.R. Part 100) 



358. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-357 above, as well as paragraphs 368-458. 



359. The Federal Housing Act (42 U.S.C. § 3601 et seq.) (“FHA”) was enacted in 1968 



to combat and prevent segregation and discrimination in housing.  The FHA’s language 



prohibiting discrimination in housing is broad and inclusive, and the purpose of its reach is to 



replace segregated neighborhoods with truly integrated and balanced living patterns.   



360. In formal adjudications of charges of discrimination under the FHA over the past 



20-25 years, the U.S. Department of Housing and Urban Development (“HUD”) has consistently 
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concluded that the FHA is violated by facially neutral practices that have an unjustified 



discriminatory effect on the basis of a protected characteristic, regardless of intent. 



361. Pursuant to its authority under the FHA, HUD has duly promulgated and published 



nationally-applicable federal regulations implementing the FHA’s Discriminatory Effects 



Standard at 24 C.F.R. Part 100 (see 78 Fed.Reg. 11460-01 (February 15, 2013)) (“HUD 



Regulations”). These HUD Regulations continue to apply, and have the force and effect of law. 



362. HUD Regulations provide, inter alia, that liability under the FHA may be 



established “based on a practice’s discriminatory effect . . . even if the practice was not motivated 



by a discriminatory intent.” 24 C.F.R. § 100.500.   



363. HUD Regulations further provide that: “A practice has a discriminatory effect 



where it actually or predictably results in a disparate impact on a group of persons or perpetuates 



segregated housing patterns because of race, color, . . . or national origin.” 



364. CARB’s GHG Housing Measures actually and predictably result in a disparate 



impact on members of minority communities, including but not limited to Petitioners, and 



perpetuates segregated housing patterns because of race, color, and/or national origin within the 



meaning of the FHA and HUD Regulations. 



365. Because of the discriminatory effect of CARB’s GHG Housing Measures, CARB 



has the burden of proving that these GHG Housing Measures do not violate the FHA as 



interpreted and implemented through the HUD Regulations. 



366. CARB has not met, and cannot meet, its burden of trying to justify the 



discriminatory effect of its challenged GHG Housing Measures, which are not necessary to 



achieve the stated goals, which could and should be pursued through other measures having a less 



discriminatory effect. 



367. Because CARB’s GHG Housing Measures have an unjustified discriminatory 



effect on members of minority communities, including Petitioners, they violate the FHA as 



implemented though HUD Regulations. Consequently, CARB’s GHG Housing Measures should 



be declared unlawful and enjoined, and Petitioners are entitled to other and further relief pursuant 



to 42 U.S.C. § 1983.  
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THIRD CAUSE OF ACTION 



(Denial of Due Process, Cal. Const. Art. I, § 7; U.S. Const. Amd. 14, § 1) 



368. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-367 above, as well as paragraphs 373-448. 



369. Petitioners have a right to be free of arbitrary State regulations that are imposed 



without having first been presented to the public through duly-authorized rulemaking processes 



by Legislatively-authorized State agencies.   



370. CARB’s new GHG Housing Measures, individually and collectively, will 



inevitably cause serious harm to the ability of Petitioners and other members of disadvantaged 



minority communities to gain access to affordable housing, and have a disproportionate adverse 



impact on them. 



371. CARB’s new GHG Housing Measures are not rationally calculated to further the 



State’s legitimate interest in reducing GHG emissions, on their face or as applied to housing 



projects in California. Instead, CARB’s new GHG Housing Measures are both arbitrary and 



counterproductive in terms of actually achieving their purported goals of GHG emission 



reductions. 



372. For these reasons, CARB’s GHG Housing Measures have been issued in violation 



of, and constitute substantive violations of, the Due Process Clauses of the California and United 



States Constitutions. (Cal. Const. Art. 1, § 7; U.S. Const. Amd. 14, § 1,) 



FOURTH CAUSE OF ACTION 



(Denial of Equal Protection, Cal. Const. Art. I, § 7, Art. IV § 16; U.S. Const. Amd. 14, § 1) 



373. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-372 above, as well as 382-458. 



374. Non-discriminatory access to housing is a fundamental interest for purposes of 



evaluating regulations under the equal protection provisions of the California Constitution. Art. I, 



§ 7 and Art. IV, § 16. 
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375. Non-discriminatory access to housing is a fundamental interest for purposes of 



evaluating regulations under the equal protection clause of the United States Constitution. U.S. 



Const. Amd. 14, § 1.  



376. CARB’s GHG Housing Measures disproportionately affect members of minority 



communities, including Petitioners RODRIGUEZ, MURILLO and PEREZ, by making affordable 



housing unavailable to them, as compared with non-minority homeowners unaffected by the new 



GHG regulations, while imposing arbitrary, counter-productive State regulations and standards.  



377. Race and ethnicity are suspect classes for purposes of evaluating regulations under 



the equal protection provisions of the California Constitution. Art. I, § 7 and Art. IV, § 16. 



378. Race and ethnicity are suspect classes for purposes of evaluating regulations under 



the equal protection clause of the United States Constitution. U.S. Const. Amd. 14, § 1.  



379. Petitioners warned CARB about the racially discriminatory aspects of the Scoping 



Plan prior to CARB’s finalizing and issuing the Scoping Plan. Despite Petitioners’ warning, 



CARB disregarded these impacts and issued the Scoping Plan without changes. On information 



and belief,  CARB did so with the intent to disproportionately cause harm to racial minorities, 



including minority communities of which Petitioners are members. 



380. CARB’s GHG Housing Measures violate the equal protection provisions of the 



California Constitution because they make access to new, affordable housing a function of race.  



381. CARB’s GHG Housing Measures violate the equal protection clause of the United 



States Constitution because they make access to new, affordable housing a function of race.  



FIFTH CAUSE OF ACTION 



(Violations of CEQA, Pub. Res. Code § 21000 et seq. and CEQA Guidelines, 14 C.C.R.           



§ 15000 et seq.) 



382. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-381 above, as well as paragraphs 395-458. 



383. CARB violated CEQA by approving the 2017 Scoping Plan in violation of the 



Act’s requirements and by certifying a legally deficient environmental analysis. 
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384. CARB did not write its Final EA in plain language so that members of the public 



could readily understand the document.  



385. CARB did not assess the “whole of the project” as required by CEQA. The GHG 



Housing Measures are included in the 2017 Scoping Plan and thus the “project” for CEQA 



purposes should have included potential direct and indirect impacts on the environment from the 



four GHG Housing Measures. CARB did not include an analysis of the four GHG Housing 



Measures in the EA. 



386. CARB did not base its Final EA on an accurate, stable, and finite project 



description. The EA did not include the four GHG Housing Measures in its project description. 



For this reason CARB applied an unreasonable and unlawful “project” definition and undermined 



CEQA’s informational and decision-making purposes. The project description was misleading, 



incomplete, and impermissibly vague. 



387. CARB did not properly identify the Project objectives in its EA. 



388. CARB’s unlawful use of the “cumulative gap” methodology created multiple legal 



deficiencies in the EA, including in the project description, project objectives, and impact 



analysis. Had CARB used the appropriate project objective—reducing GHG 40% below the 1990 



California GHG inventory by 2030—the estimated 1% of GHG reductions (1.79 tons per year) 



achieved by the GHG Housing Measures would have been entirely unnecessary, and all disparate 



and unlawful adverse civil rights, environmental, housing, homelessness, poverty, and 



transportation consequences of the GHG Housing Measures could have been avoided.   



389. At most, CARB could have clearly identified its “cumulative gap” methodology as 



an alternative to the project that would have further reduced GHG emissions beyond the SB 32 



statutory mandate, to further inform the public and decisionmakers of the comparative impacts 



and consequences of SB 32’s legislated GHG reduction mandate, and the more substantial GHG 



reductions sought by CARB staff. CARB’s failure to use the SB 32 statutory mandate of 



achieving 40% GHG reduction from 1990 levels as of 2030 is a fatal legal flaw. 



390. CARB also failed to adequately evaluate the direct, indirect, and cumulative 



environmental impacts of the 2017 Scoping Plan in its Final EA, even after commenters identified 
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numerous review gaps in their comments on the Draft EA. As discussed above, CARB was fully 



on notice of the scale and nature of the impacts associated with the GHG Housing Measures 



based on CARB’s review and approval of more than a dozen regional plans to intensify housing 



densities near transit, and improve public transit, from all of California’s most significant 



population centers; each of these regional plans identified multiple unavoidable significant 



adverse environmental impacts from implementation of current plans. The deficiencies in the 



Final EA include but are not limited to the following:  



 Aesthetic impacts such as changes to public or private views and character of existing 



communities based on increased building intensities and population densities; 



 Air quality impacts from increases in GHG, criteria pollutants, and toxic air 



contaminant emissions due to longer commutes and forced congestion that will occur 



from the implementation of the VMT limits in the 2017 Scoping Plan; 



 Biological impacts from increased usage intensities in urban parks from substantial 



infill population increases; 



 Cultural impacts including adverse changes to historic buildings and districts from 



increased building and population densities, and changes to culturally and religiously 



significant resources within urbanized areas from increased building and population 



densities; 



 Urban agriculture impacts from the conversion of low intensity urban agricultural uses 



to high intensity, higher density uses from increasing populations in urban areas, 



including increasing the urban heat island GHG effect; 



 Geology/soils impacts from building more structures and exposing more people to 



earthquake fault lines and other geologic/soils hazards by intensifying land use in 



urban areas; 



 Hazards and hazardous materials impacts by locating more intense/dense housing and 



other sensitive uses such as schools and senior care facilities near freeways, ports, and 



stationary sources in urbanized areas; 
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 Hydrology and water quality impacts from increasing volumes and pollutant loads 



from stormwater runoff from higher density/intensity uses in transit-served areas as 



allowed by current stormwater standards; 



 Noise impacts from substantial ongoing increases in construction noise from 



increasing density and intensity of development in existing communities and ongoing 



operational noise from more intensive uses of community amenities such as extended 



nighttime hours for parks and fields; 



 Population and housing impacts from substantially increasing both the population and 



housing units in existing communities; 



 Recreation and park impacts from increasing the population using natural preserve and 



open space areas as well as recreational parks; 



 Transportation/traffic impacts from substantial total increases in VMT in higher 



density communities, increased VMT from rideshare/carshare services and future 



predicted VMT increases from automated vehicles, notwithstanding predicted future 



decrease in private car ownership; 



 Traffic-gridlock related impacts and multi-modal congestion impacts including noise 



increases and adverse transportation safety hazards in areas of dense multi-modal 



activities; 



 Public safety impacts due to impacts on first responders such as fire, police, and 



paramedic services from congested and gridlocked urban streets; and 



 Public utility and public service impacts from substantial increases in population and 



housing/employment uses and demands on existing water, wastewater, electricity, 



natural gas, emergency services, libraries and schools. 



391. As stated above, although the Scoping Plan’s CEQA threshold is not binding on a 



lead agency, it nevertheless has immediate evidentiary weight as the expert conclusion of the 



state’s expert GHG agency.  Thus, the Scoping Plan’s CEQA threshold is appropriately 



justiciable, and should be vacated for the reasons set forth herein. 
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392. As a result of these defects in the Final EA, CARB prejudicially abused its 



discretion by certifying an EIR that does not comply with CEQA and by failing to proceed in the 



manner required by law. 



393. Petitioners objected to CARB’s approvals of the GHG Housing Measures prior to 



the close of the final public hearings on CARB’s 2017 Scoping Plan and raised each of the legal 



deficiencies asserted in this Petition.  



394. Petitioners have performed all conditions precedent to the filing of this Petition, 



including complying with the requirements of Pub. Res. Code section 21167.5 by serving notice 



of the commencement of this action prior to filing it with this Court. 



SIXTH CAUSE OF ACTION 



(Violations of APA, Gov. Code § 11346 et seq.)  



395. Petitioners hereby re-allege and re-incorporate herein by reference the allegations 



of paragraphs 1-394 above, as well as paragraphs 405-458. 



396. Under the APA and other applicable law, CARB is required to comply with 



regulations issued by the Department of Finance (“DOF”) before issuing a “major regulation.”   



Specifically, the APA (Gov. Code § 11346.3(c)) requires that CARB prepare a standardized 



regulatory impact assessment (“SRIA”) in a form, and with content, that meets requirements set 



by the DOF in its separate regulations (1 C.C.R. § 2000 et seq.).  



397. CARB’s GHG Housing Measures constitute a major regulation subject to the 



APA’s requirement that such regulations be promulgated in compliance with DOF regulations.  



398. Section 2003 of DOF regulations (1 C.C.R. § 2003(a)) (“Methodology for Making 



Estimates”) provides that, “[i]n conducting the SRIA required by Section 11346.3”, CARB “shall 



use an economic impact method and approach that has all of the following capabilities: 



(1) Can estimate the total economic effects of changes due to regulatory policies over a multi-



year time period. 



(2) Can generate California economic variable estimates such as personal income, 



employment by economic sector, exports and imports, and gross state product, based on inter-
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industry relationships that are equivalent in structure to the Regional Industry Modeling 



System published by the Bureau of Economic Analysis. 



(3) Can produce (to the extent possible) quantitative estimates of economic variables that 



address or facilitate the quantitative or qualitative estimation of the following. 



(A) The creation or elimination of jobs within the state; 



(B) The creation of new businesses or the elimination of existing businesses within the 



state; 



(C) The competitive advantages or disadvantages for businesses currently doing business 



within the state; 



(D) The increase or decrease of investment in the state; 



(E) The incentives for innovation in products, materials, or processes; and  



(F) The benefits of the regulations, including but not limited to benefits to the health, 



safety, and welfare of California residents, worker safety, and the state’s environment and 



quality of life, among any other benefits identified by the agency.” 



399. DOF regulations require that DOF’s “most current publicly available economic 



and demographic projections, which may be found on the department’s website, shall be used 



unless the department approves the agency’s written request to use a different projection for a 



specific proposed major regulation.” 1 C.C.R. § 2003(b). 



400. DOF regulations also provide that: “An analysis of estimated changes in behavior 



by businesses and/or individuals in response to the proposed major regulation shall be conducted 



and, if feasible, an estimate made of the extent to which costs or benefits are retained within the 



business and/or by individuals or passed on to others, including customers, employees, suppliers 



and owners.” 1 C.C.R. § 2003(f). 



401. In grafting its new GHG Housing Measures onto the 2017 Scoping Plan, CARB 



has failed to comply with the APA, including DOF regulations applicable to CARB. 



402. More significantly, and consistent with the LAO’s repeated findings that the 



CARB analysis methodology fails to provide sufficiently detailed information about impacts to 



individuals, households and businesses, CARB’s 2017 Scoping Plan completely ignores the fact 
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that California has the greatest inequality in the United States, and that energy costs, loss of 



energy-intensive jobs and housing costs related to Scoping Plan policies play a major role in that 



unwanted outcome. To fulfill its statutory mandates, CARB must start by recognizing that, as 



meticulously documented in a United Way Study, more than 30% of all California households 



lack sufficient means to meet the real cost of living in the state.  



403. In addition, as described above, by using the unlawful “cumulative gap” 



methodology to calculate the GHG reductions it claims are needed in the 2017 Scoping Plan, 



CARB improperly created inputs for the FA that render the entire document invalid. 



404.  In its present form, the Scoping Plan embodies multiple violations of the APA and 



should be set aside as unlawful and void. 



SEVENTH CAUSE OF ACTION 



(Violations of the California Global Warming Solutions Act, Health & Safety Code § 38500 



et seq.) 



405. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-404 above, as well as paragraphs 413-458.  



406. The GWSA provides in pertinent part that, in promulgating GHG regulations, 



CARB “shall do all of the following: 



(1)  Design the regulations, including distribution of emissions allowances where appropriate, 



in a manner that is equitable, seeks to minimize costs and maximize the total benefits to 



California, and encourages early action to reduce greenhouse gas emissions. 



(2)  Ensure that activities undertaken to comply with the regulations do not disproportionately 



impact low-income communities. 



(3) Ensure that entities that have voluntarily reduced their greenhouse gas emissions prior to 



the implementation of this section receive appropriate credit for early voluntary 



reductions. 



(4)  Ensure that activities undertaken pursuant to the regulations complement, and do not 



interfere with, efforts to achieve and maintain federal and state ambient air quality 



standards and to reduce toxic air contaminant emissions. 
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(5)  Consider cost-effectiveness of these regulations. 



(6)  Consider overall societal benefits, including reductions in other air pollutants, 



diversification of energy sources, and other benefits to the economy, environment, and 



public health.” 



407. In responses to Petitioners’ comments on the 2017 Scoping Plan, CARB has  



acknowledged that Chapter 5 of the Scoping Plan (which sets out the new GHG Housing 



Measures) was not part of what it analyzed in issuing the Scoping Plan. In CARB’s words, 



“These recommendations in the ‘Enabling Local Action’ subchapter of the Scoping Plan are not 



part of the proposed ‘project’ for purposes of CEQA review.”143 Thus, CARB admits that it did 



not even pretend to analyze the consequences of the provisions of Chapter 5 of the Scoping Plan. 



408. CARB’s assertion that the new GHG Housing Measures set out in Chapter 5 of the 



Scoping Plan do not constitute “major regulations” is belied by their content and the legal and 



regulatory setting in which they were issued, as described above.    



409. Each scoping plan update must also identify for each emissions reduction measure, 



the range of projected GHG emission reductions that result from the measure, the range of 



projected air pollution reductions that result from the measure, and the cost-effectiveness, 



including avoided social costs, of the measure. H&S Code § 38562.7. 



410. The 2017 Scoping Plan contains no such analysis for CARB’s  new GHG Housing 



Measures. The Plan lists potential emission reductions from the “Mobile Source Strategy” which 



includes the VMT reduction requirements, but does not analyze proposed emission reductions, 



projected air pollution reductions, or cost-effectiveness of the other measures. 



411. CARB’s new GHG Housing Measures, as set out in its 2017 Scoping Plan, were 



issued in violation of some or all of the specific statutory requirements set out in the GWSA, as 



described above. 



                                                 
143 Supplemental Responses to Comments on the Environmental Analysis Prepared for the 
Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target (Dec. 14, 2017), p. 
14-16, https://www.arb.ca.gov/cc/scopingplan/final-supplemental-rtc.pdf. 
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412. As a consequence, CARB’s new GHG Housing Measures were adopted in a 



manner that is contrary to law, and should be set aside. 



EIGHTH CAUSE OF ACTION 



(Violations of the Health & Safety Code, § 39000 et seq., including the California Clean Air 



Act, Stats. 1988, ch. 1568 (AB 2595)) 



413. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-412 above, as well as paragraphs 437-458. 



414. California has ambient air quality standards (“CAAQS”) which set the maximum 



amount of a pollutant (averaged over a specified period of time) that can be present in outdoor air 



without any harmful effects on people or the environment. 



415. CAAQS are established for particulate matter (“PM”), ozone, nitrogen dioxide 



(“NO2”), sulfate, carbon monoxide (“CO”), sulfur dioxide (“SO2”), visibility-reducing particles, 



lead, hydrogen sulfide (“H2S”), and vinyl chloride.  



416. In California, local and regional authorities have the primary responsibility for 



control of air pollution from all sources other than motor vehicles. H&S Code § 39002. 



417. Under the California Clean Air Act (“CCAA”), air districts must endeavor to 



achieve and maintain the CAAQS for ozone, carbon monoxide, sulfur dioxide, and nitrogen 



dioxide by the earliest practicable date. H&S Code § 40910. Air districts must develop attainment 



plans and regulations to achieve this objective. Id.; H&S Code § 40911. 



418. Each plan must be designed to achieve a reduction in districtwide emissions of five 



percent or more per year for each nonattainment pollutant or its precursors. H&S Code § 



40914(a). CARB reviews and approves district plans to attain the CAAQS (H&S Code § 40923; 



41503) and must ensure that every reasonable action is taken to achieve the CAAQS at the 



earliest practicable date (H&S Code § 41503.5).  



419. If a local district is not effectively working to achieve the CAAQS, CARB may 



establish a program or rules or regulations to enable the district to achieve and maintain the 



CAAQS. H&S Code § 41504. CARB may also exercise all the powers of a district if it finds the 
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district is not taking reasonable efforts to achieve and maintain ambient air quality standards. 



H&S Code § 41505. 



420. Fresno County is part of the San Joaquin Valley Air Pollution Control District 



(“SJVAPCD”). The SJVAPCD is currently nonattainment/severe for the CAAQS for ozone and 



nonattainment for PM.  



421. The vast majority of California is designated nonattainment for the CAAQS for 



ozone and PM.  



422. Nitrogen oxides, including NO2, CO, and volatile organic compounds (“VOCs”) 



are precursor pollutants for ozone, meaning they react in the atmosphere in the presence of 



sunlight to form ozone.  



423. PM is a complex mixture of extremely small particles and liquid droplets found in 



the air which can cause serious health effects when inhaled, including asthma and other lung 



issues and heart problems. Some particles are large enough to see while others are so small that 



they can get into the bloodstream. PM is made up of PM10 (inhalable particles with diameters 10 



micrometers and smaller) and PM2.5 (fine inhalable particles with diameters 2.5 micrometers and 



smaller). 



424.  PM emissions in California and in the SJVAPCD increased in 2016 as compared 



to prior years.  



425. As detailed above, the VMT reduction requirements in the 2017 Scoping Plan will 



result in increased congestion in California. 



426.  Increasing congestion increases emissions of multiple pollutants including NOx, 



CO, and PM. This would increase ozone and inhibit California’s ability to meet the CAAQS for 



ozone, NO2, and PM, among others. 



427. Because CARB intends to achieve the VMT reduction standard by intentionally 



increasing congestion, which will increase emissions of criteria pollutants such as NO2 and PM, 



CARB is violating its statutory duty to ensure that every reasonable action is taken to 



expeditiously achieve attainment of the CAAQS.  





Compare: Insert�


page


Matching page not found











1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



 



 



-122- 
FIRST AM. PET. FOR WRIT/COMP. FOR DECL./INJ. RELIEF         Case No. 18CECG01494



 



428. In addition to a responsibility under the CCAA to meet the CAAQS, CARB has a 



statutory duty under the Health & Safety Code to ensure that California meets the National 



Ambient Air Quality Standards (“NAAQS”) set by the EPA.  



429. Like the CAAQS, the NAAQS are limits on criteria pollutant emissions which 



each air district must attain and maintain. EPA has set NAAQS for CO, lead, NO2, ozone, PM, 



and SO2. 



430. CARB is designated the air pollution control agency for all purposes set forth in 



federal law. H&S Code § 39602. CARB is responsible for preparation of the state implementation 



plan (“SIP”) required by the federal Clean Air Act (“CAA”) to show how California will attain 



the NAAQS. CARB approves SIPs and sends them to EPA for approval under the CAA. H&S 



Code § 40923. 



431. While the local air districts have primary authority over nonmobile sources of air 



emissions, adopt rules and regulations to achieve emissions reductions, and develop the SIPs to 



attain the NAAQS (H&S Code § 39602.5), CARB is charged with coordinating efforts to attain 



and maintain ambient air quality standards (H&S Code § 39003) and to comply with the CAA 



(H&S Code § 39602).  



432. CARB also must adopt rules and regulations to achieve the NAAQS required by 



the CAA by the applicable attainment date and maintain the standards thereafter. H&S Code § 



39602.5. CARB is thus responsible for ensuring that California meets the NAAQS. 



433. SJVAPCD is nonattainment/extreme for the ozone NAAQS and nonattainment for 



PM2.5.   



434. The vast majority of California is nonattainment for the ozone NAAQS and much 



of California is nonattainment for PM10.  



435. It is unlawful for CARB to intentionally undermine California’s efforts to attain 



and maintain the NAAQS by adopting measures in the 2017 Scoping Plan that will increase NOx 



and PM by intentionally increasing congestion in an attempt to lower VMT to purportedly 



achieve GHG emission reductions.  
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436. In adopting the VMT reduction requirements in the 2017 Scoping Plan, CARB is 



violating its statutorily mandated duty in the Health & Safety Code to attain and maintain the 



NAAQS, and preventing the local air districts from adequately discharging their duties under law 



to do everything possible to attain and maintain the NAAQS.  



NINTH CAUSE OF ACTION 



(Violations of the APA - Underground Regulations, Gov. Code § 11340 – 11365) 



437. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-436 above, as well as paragraphs 442-458. 



438. As explained above, the GHG Housing Measures are standards of general 



application for state agencies and standards to implement and interpret the 2017 Scoping Plan and 



the reductions in GHG emissions it is designed to achieve.  



439. The four GHG Housing Measures in CARB’s 2017 Scoping Plan are underground 



regulations in violation of APA standards requiring formal rulemaking. 



440. As to the CEQA net zero GHG threshold specifically, the Legislature directed 



OPR to adopt CEQA guidelines as regulations and CEQA itself requires that public agencies that 



adopt thresholds of significance for general use must do so through ordinance, resolution, rule, or 



regulations developed through a public review process. CEQA Guidelines § 15064.7(b). Thus, 



any state agency that purports to adopt CEQA guidelines must do so via regulations, following 



the full formal rulemaking process in the APA.144  



441. CARB has not adopted the GHG Housing Measures through a public review 



process and thus it violates the APA. 



 



 



                                                 
144 California Building Industry Ass’n v. Bay Area Air Quality Mgmt. Dist. (2016) 2 Cal.App. 5th 
1067 (stating that air district adoption of CEQA guidelines, including GHG thresholds of 
significance, must be adopted as regulations, including with public notice and comment, and are 
not mere advisory expert agency opinion). 
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TENTH CAUSE OF ACTION 



(Ultra Vires Agency Action, Code of Civil Proc. §1085) 



442. Petitioners hereby re-allege and incorporate herein by reference the allegations 



contained in paragraphs 1-441 above. 



443. In adopting the 2017 Scoping Plan, including the GHG Housing Measures, CARB 



has acted beyond its statutorily delegated authority and contrary to law. 



CEQA Net Zero GHG Threshold 



444. The 2017 Scoping Plan would apply a CEQA net zero GHG emissions threshold 



to all CEQA projects. CEQA applies to the “whole of a project”, which includes construction 



activities, operation of new buildings, offsite electricity generation, waste management, 



transportation fuel use, and a myriad of other activities.  



445. This threshold is unlawful under Newhall, supra, 62 Cal.4th 204, and other current 



California precedent affirming that compliance with law is generally an acceptable CEQA 



standard. This includes, but is not limited to, using compliance with the cap-and-trade program as 



appropriate CEQA mitigation for GHG and transportation impacts. Association of Irritated 



Residents v. Kern County Bd. of Supervisors (2017) 17 Cal.App.5th 708. 



446. This threshold is also unlawful under OPR’s GHG CEQA rulemaking package 



which stated that there was not a CEQA threshold requiring no net increase in GHG emissions 



(i.e., no one molecule rule). See “Final Statement of Reasons for Regulatory Action”, 



Amendments to the State CEQA Guidelines Addressing Analysis and Mitigation of Greenhouse 



Gas Emissions Pursuant to SB 97, Dec. 2009, p. 25 ([n]otably, section 15064.4(b)(1) is not 



intended to imply a zero net emissions threshold of significance. As case law makes clear, there is 



no “one molecule rule” in CEQA. (CBE, supra, 103 Cal.App.4th 120)”). 



Regulating In An Attempt to Achieve the 2050 GHG Emission Reduction Goal 



447. CARB also acted ultra vires by attempting to mandate GHG Housing Measures 



that purportedly would help California achieve the 2050 GHG reduction goal in Executive Order 



S-3-05.  
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448. CARB has no Legislative authority to regulate towards achieving the 2050 goal, a 



GHG emission reduction target which has not been codified and which the Legislature has 



repeatedly refused to adopt. Mandating actions in an attempt to reach the 2050 goal is outside 



CARB’s statutory authority under the GWSA which only contains GHG emission reduction 



standards for 2020 and 2030.  



449. The Legislative Analyst’s Office has stated that, based on discussions with 



Legislative Counsel, it is unlikely that CARB has authority to adopt and enforce regulations to 



achieve more stringent GHG targets. LAO report, p. 7.  



 VMT Reduction Requirements 



450. In addition, the VMT reduction standards mandated in the Scoping Plan are ultra 



vires and beyond CARB’s statutory authority.  



451. The Legislature rejected legislation as recently as 2017 requiring VMT 



reductions/standards. 



452. The only agency authorized to consider VMT under CEQA is OPR under SB 743. 



OPR’s proposed SB 743 regulations are going through a formal rulemaking process now and 



CARB cannot jump the gun and, with zero statutory authority, adopt VMT regulations in the 



2017 Scoping Plan.  



SB 97 and OPR Promulgation of CEQA Guidelines 



453. Similarly, the only method by which the Legislature authorized OPR (with 



CARB’s permissive but not mandatory cooperation) to adopt new CEQA significance thresholds 



is via updates to the CEQA Guidelines.   



454. OPR has not included CARB’s new GHG Housing Measures in its proposed new 



Guidelines, and CARB has no authority to make an “end run” around the rulemaking process 



established by the Legislature. 



New Building Code Requirements 



455. The Legislature has enacted new consumer protection requirements, including new 



building standards, designed to assure that new building code requirements are cost effective.  
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CARB’s “net zero” new home building standard was not included in these new building 



standards. 



456. CARB has no Legislative authority to impose new “net zero” building standards. 



457. CARB’s new “net zero” building standards are contrary to, and will substantially 



frustrate, the Legislature’s purpose in adopting new building code requirements.   



458. CARB’s decision to adopt the 2017 Scoping Plan and the GHG Housing Measures 



within it was also fraught with procedural defects, including violations of the APA, CEQA, and 



GWSA, as explained above. These procedural defects are further actions that are ultra vires and 



were taken contrary to law. 



PRAYER FOR RELIEF 



WHEREFORE Petitioners THE TWO HUNDRED, including LETICIA RODRIGUEZ, 



TERESA MURILLO and EUGENIA PEREZ, request relief from this Court as follows: 



A. For a declaration, pursuant to Code of Civil Procedure § 1060, that the following 



GHG regulations and standards, as set out in CARB’s Scoping Plan, are unlawful, void, and of no 



force or effect:  



 The Vehicle Miles Traveled (“VMT”) mandate.



 The Net Zero CEQA threshold



 The CO2 per capita targets for local climate action plans for 2030 and 2050



// 



// 



// 



// 



// 
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• The "Vibrant Communities" policies in Appendix C. 



2 B. For a writ of mandate or peremptory writ issued under the seal of this Court 



3 pursuant to Code of Civil Procedure § 1094.5 or in the alternative§ 1085, directing Respondents 



4 to set aside the fo regoing provisions of the Scoping Plan and to refrain from issuing any further 



5 GHG standards or regulations that address the issues described in subsecti on A. above until such 



6 time as CARB has complied with the requirements of the APA, CEQA, and the requirements of 



7 the Due Process and Equal Protection clauses of the California and United States Constitutions; 



8 c. For permanent injunctions restraining Respondents from issuing any further GHG 



9 standards or regulations that address the issues described in subsection A. above until such time 



10 as CARB has complied with the requirements of the APA, CEQA, and the requirements of the 



11 Due Process and Equal Protection clauses of the California and United States Constitutions; 



12 D. For an award of their fees and costs, including reasonably attorneys' fees and 



13 expert costs, as authorized by Code of Civil Procedure§ 102 1.5, and 42 U.S. Code section 1988. 



14 E. That thi s Court retain continuing jurisd iction over this matter until such time as the 



J 5 Court has determined that CARB has fully and properly complied with its Orders. 



16 



17 



18 



19 



20 



2 1 
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25 



26 



27 



28 



F. For such other and furthe r relief as may be just and appropriate. 



Dated November 21, 20 18 Respectfully submitted, 



HOLLAND & KNIGHT LLP 



By~ • . -==:::::: 
Je1m1fer L. I lcrnandez 
Charles L. Coleman HJ 
Marne S. Sussman 
David I. Holtzman 



Attorneys for Plaintiffs/Petitioners 
THE T WO 1 IUNDRED, LETICIA RODRIGUEZ, 
TERESA MURILLO, GINA PEREZ, et al. 
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VERIFICATION 



I, Jennifer L. Hernandez, am one of the attorneys for, and am a member of, TI IE TWO 



HUNDRED, an unincorporated association, Plaintiffs/ Petitioners in this action. I am authorized 



lo make this verification on behal f of THE TWO HUNDRED and its members named herein. 



have read the foregoing FIRST /\MENDED VERTFI ED PETITION FOR WRIT OF 



MA DATE; COMPLAINT FOR DECLARATORY AND INJUNCTIVE RELIEF and know the 



contents thereof. I am informed and bel ieve and on that ground allege that the matters stated 



therein are true. I verify the foregoing Petition and Complaint for the reason that 



Plaintiffs/Petitioners named in the Petition/Complaint arc not present in the county where my 



office is located. 



I declare under penalty of perjury under the lavvs of the State of California that the 



foregoing is true and correct. 



Executed this 2 1st day of November, 20 18, at San Francisco, Cali fornia. 
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EXECUTIVE SUMMARY 



This report focuses on potential impacts to California from the High Electrification Scenario or 
HES, a scenario developed in various reports commissioned by the California Energy 
Commission (CEC), the California Public Utilities Commission (CPUC), and others on pathways 
to meeting California’s greenhouse gas (GHG) emission reduction goals. The premise is that 
California’s GHG emissions must be reduced to 86 million metric tons per year to obtain an 80 
percent reduction in GHG emissions from 1990 levels by 2050. Focusing on this goal, the CEC, 
CPUC and others developed the HES, which was first elaborated in a 2018 report (Mahone et 
al. 2018) and then analyzed further in later reports. 



The premise of the HES is that California will achieve its 2050 GHG goals through a 
combination of electricity derived from renewable energy generation and behavior change that 
leads to both a reduction in gas usage and an increase in electricity usage. In effect, the state 
envisions the near-complete electrification of space heating and cooling loads in buildings, the 
near-complete electrification of transportation, and extensive investments in renewable 
electricity generation and energy storage in order to supply the electricity necessary to support 
these loads. Behavior changes such as fewer vehicle miles traveled (VMT), greater purchase of 
electric vehicles (EVs), and less energy use per capita drive further emission reductions. Further 
details on the assumptions of the HES are provided in the Introduction.  



This analysis focuses on the HES as elaborated in various 2018-2019 reports. ERM reviewed 
HES-related studies and prepared this assessment of the potential implications, from economic, 
equity, and environmental standpoints, of HES implementation as a framework for further 
discussion and research. The report also describes various assumptions of the HES and 
whether they accurately reflect likely behavior and reality in 2050, the year of assumed full HES 
implementation.  



Potential implications of the HES include the following: 



 By 2050 installed capacity will need to increase by approximately 480 to 650 percent for 
solar and 30 to 250 percent for wind to provide necessary supply.1 This is a net increase of 
between 101.5 to 107.3 gigawatts (GW) of solar and 4.7 to 15.42 GW of wind. 



 The HES assumes that, relative to 2015, per-capita VMT will decline by 12 percent by 2030 
and 24 percent by 2050. However, in recent years excluding 2020, VMT has been on 
average only 3.6 percent below 2015 levels. If VMT does not drop as assumed, the 
necessary service load for the HES will be approximately 31.3 terawatt hours (TWh) or 6.1 
percent higher in 2050 than currently indicated. 



  



                                                      
1. Various sources report different 2020 installed industrial solar and wind capacity in California. Ming et 



al. 2019 (“E3-CP” or “E3-Calpine”) Long Run Resource Adequacy Under Deep Decarbonization 
Pathways for California estimated that total installed capacity for 2020 was 21.2 gigawatts (GW) of 
industrial solar and 16.7 GW of wind. However, the CEC reports that California’s 2020 production 
capacity was only 15.63 GW of solar and 5.98 GW of wind. 
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Economic 



 Documentation to date does not include all costs to implement the HES. The 2019 figure of 
$116.1 billion annually2 is more likely to be $221.6 to $256.7 billion when project permitting 
and mitigation, land acquisition, decommissioning, equipment and infrastructure, 
transmission and distribution upgrades, environmental siting protections, wildlife adaptation, 
and optimism bias adjustment costs are included. This is a near doubling of previously 
reported values. 



 Average annual residential electric bills are estimated to rise from $1,226 in 2019 to $4,941 
in 2050, a change of 303 percent. Average annual commercial electric bills are estimated to 
rise from $11,104 in 2019 to $44,764 in 2050. 



 Residential gas rates are estimated to increase 80 percent by 2030 and 480 percent by 
2050 as fixed costs are spread over a smaller customer base. For customers who remain 
on the gas system, total energy bills (electric plus gas) are estimated to increase 327% 
compared to 2019. 



 Though residential customers who switch to electric face lower or no gas bills, their 
combined energy bills are estimated to rise up to 150% compared to 2019. 



 The assumed 86 percent decline in petroleum demand in 2050 may lead to up to 179,000 
job losses, including over 7,000 jobs in the San Joaquin Valley specifically. 



 Labor income for the oil and gas industry could decline by $13.4 billion (57 percent), with a 
$34.1 billion decline in GDP (63 percent). Total output may decrease by $100 billion (69 
percent), decreasing state and local tax revenue by $14.2 billion. 



 If the current state renewable energy property tax incentive continues, development of solar 
and wind facilities will cost California counties more than $300 million in annual property tax 
revenue by 2050. San Joaquin Valley counties would forego about $150 million, almost half 
of the total impact to the state, and the largest impact would be in Kern County, which could 
lose $59 million in property taxes. If the renewable energy tax incentive is discontinued, 
then the annual revenue requirements for electricity generation may increase by $300 
million, further increasing future electricity rates. 



Equity3 



 Total annual residential energy costs would increase statewide by approximately $79 billion 
or $3,800 per household. 



 In 2050, the 1.7 million households in California below the poverty level would see their 
energy costs increase from 16 to 46 percent of their annual income, an additional $3,100 
per year. 



                                                      
2. Ming et al. 2019. (“E3-CP” or “E3-Calpine”) Long Run Resource Adequacy Under Deep 



Decarbonization Pathways for California (Figure 22). Adjusted from 2016 to 2019 dollars using the 
Consumer Price Index. 



3. The equity analysis is based on residential energy bill data from the American Community Survey, 
which differs from the residential bill data used in the HES; however, the magnitude of the impacts are 
comparable. The equity analysis uses the mid-point of the range of the 2x optimism bias and the 3x 
optimism bias adjustments or 50.4 cents per kwh.   
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 In 2050, the approximately 10.8 million households in California below the living wage 
would see their energy costs increase from 4 to 11 percent of income, an additional $3,400 
per year. 



 These energy costs would nearly triple the number of households living in energy poverty, 
from 1.7 to 6.3 million, and would cause an additional 300,000 households to fall below the 
living wage. 



 If assistance to low-income households remains at the same rates in 2050, then 4.6 million 
households will receive a total of $7.3 billion offsetting 38 percent of the $19.1 billion 
increase in their energy bills. However, all other rate payers, including middle-class families, 
will see an additional $2.6 billion increase in energy costs.  



 Disadvantaged communities may face particular hardships as counties where at least 25 
percent of the population lives in disadvantaged communities are anticipated to see an 
increase of $4,000 per year in energy costs, and these counties are in warmer parts of the 
state, where households face larger heating and cooling costs in general.  



 Households in the Central Valley (with a much higher population of disadvantaged 
communities) may see an annual change in energy costs of $4,844, as compared to 
households in the Central Coast (with a very low population of disadvantaged communities), 
where household costs are anticipated to increase by $2,773. 



Environmental 



 Assuming California has access to renewable energy from other western states, 
approximately 3,000 to 5,000 square kilometers (km2) (740,000 to 1.24 million acres) will be 
converted from agricultural, rangeland, and open space to industrial land in order to supply 
the electricity needed in the HES. 



 This is between 14 and 24 percent of the approximately 21,000 km2 (5.19 million acres) of 
already urbanized land in California. Thus, the HES would add up to another one quarter of 
the current total of urbanized land in California. 



 This increase in development is also approximately 6 to 10 times the amount of land 
currently developed for solar in California. For perspective, installed solar PV capacity in 
Fresno and Kings counties in the San Joaquin Valley is equivalent to roughly 53.2 km2, or 
only 1.3 percent of the 4,000 km2 of land area that could be needed for the HES. 



 A 2019 assessment of the HES (E3-TNC) assumes most solar projects would provide 120 
MW of capacity on a land area of 4 km2 (988 acres); however, existing solar projects in 
California are generally much smaller, with average production capacity of 17 MW over 0.6 
km2 (139 acres). 



 HES implementation would require annual build rates for solar and wind averaging as high 
as the highest historic annual build rate for the next 25 years. This is equivalent to the 
estimated average land development of 33 km2 for solar, and 23 km2 for wind. 



 E3-TNC’s 2019 assessment of the Full West Siting Level 4 constrained case4 assumes 
roughly 70 percent of overall land development will occur in the combined San Joaquin 



                                                      
4 The Full West scenario allows for robust wind imports from eight other western states with the balance 
of renewable development in California, the Siting Level 4 excludes legally protected lands, prime 
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Valley and Mohave/Sonoran desert regions. However, after discounting for permitting and 
other constraints, the combined available land within these two regions would meet only 30 
percent of the total HES needs.  



• Even in the Full West Siting Level 4 constrained case, with high levels of environmental 
protection, impacts to environmentally and agriculturally significant lands will likely be 
unavoidable. While E3-TNC’s mapped data are too coarse for detailed analysis, applying a 
coarseness factor to the land areas identified for development in this scenario shows that 
solar development in California could impact up to 11,000 acres of wetland, 43,000 acres of 
critical habitat, 40,000 acres of important bird areas, 2,000 acres of wildlife linkages, 
119,000 acres of prime farmland, 100,000 acres of agricultural land, and 30,000 acres of 
rangeland, if sensitive resources cannot be avoided. 



The present study is based on a limited data set from the 2018-2019 timeframe, and is not 
intended to be a comprehensive survey of all issues or all available data pertaining to the HES. 
However, though preliminary, these findings suggest that further research is needed to verify 
the underlying assumptions of the HES, analyze potential impacts from economic, 
environmental, and equity perspectives, and continue to evaluate the HES as a viable pathway 
to meeting California’s GHG emission reduction goals. 



  



                                                      
agriculture, important avian habitat, high biological resource lands, and other lands that have high 
connectivity from development, and the constrained case restricts renewable resource development to 
within RESOLVE zones and applies the RESOLVE Base as the maximum limit for development in each 
zone. 
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1. INTRODUCTION 



California has established numerous climate change-driven policy objectives, including a 
mandated 40 percent reduction in greenhouse gas (GHG) emissions by 2030, and an 80 
percent reduction in GHG emissions from electricity, buildings, transportation, and industry by 
2050, relative to 1990 levels. These policy objectives are consistent with a long-term trend in 
California’s policy making. For instance:  



 Executive Order S-3-05 (2005) sets a GHG emission reduction target of 80 percent below 
1990 levels by 2050. 



 Executive Order S-21-09 (2009) directed the California Air Resources Board to adopt 
regulations that would require 33 percent renewable energy generation by 2020. 



 In 2015, California passed Senate Bill (SB) 350, the Clean Energy and Pollution Reduction 
Act, which increased the Renewables Portfolio Standard to 50 percent and resulted in a 
series of other changes to increase energy efficiency and decrease fossil fuel use.  



 Senate Bill (SB) 100 (2018), referred to as the California Renewables Portfolio Standard 
Program, calls for renewable and zero-carbon resources to supply 100 percent of retail 
sales and electricity procured for all state agencies by 2045. 



 Executive Order B-55-18 (2018) calls for the state to achieve carbon neutrality by no later 
than 2045. 



Related to the 2017-18 Integrated Resource Planning process, the California Energy 
Commission (CEC) and others commissioned a series of reports on pathways to meet the 
state’s GHG emissions reduction goals. This led to the development of a scenario labeled the 
High Electrification Scenario (HES), which was first introduced in a 2018 report (Mahone et al. 
2018) and then analyzed further in a series of other reports. These reports, and the primary 
sources for this assessment, include: 



 Aas, Dan et al. 2020. (“E3-GasFut”) The Challenge of Retail Gas in California’s Low-Carbon 
Future: Technology Options, Customer Costs and Public Health Benefits of Reducing 
Natural Gas Use. California Energy Commission. Publication Number: CEC-500-2019-055-
F.  



 Mahone et al. 2018. (“E3-Decarb”) Deep Decarbonization in a High Renewables Future: 
Updated Results from the California PATHWAYS Model. This 2018 CEC-sponsored report 
by Energy + Environmental Economics (E3) focuses on HES as the low-risk, low-cost 
approach for reducing total California GHG emissions by 80 percent from 1990 levels and 
has emerged as the state’s primary energy policy blueprint for 2050 planning.   



 Ming et al. 2019. (“E3-CP” or “E3-Calpine”) Long Run Resource Adequacy Under Deep 
Decarbonization Pathways for California. This 2019 report was prepared by E3 for Calpine 
(CP) Corporation and details the need to retain gas generation in-state and import capacity 
to control the costs of the 2050 HES developed in E3-Decarb. 



 Wu et al. 2019. (“E3-TNC”) Power of Place: Land Conservation and Clean Energy 
Pathways for California. This report was prepared by E3 for The Nature Conservancy (TNC) 
and provides additional detail concerning potential environmental constraints and the 
potential size, location and cost of new solar, wind, bulk transmission generation and 
geothermal facilities in California and other states required to implement the HES by 2050. 
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Notably, the CEC has continued to develop the HES concept post-2019. For instance, the 
SB100 Joint Agency Report (CEC 2021a), published in March 2021, elaborated a somewhat 
different version of the HES than is analyzed in the reports from 2018-2019. The difference 
arises from, among other things, different assumptions about electricity generation technology 
costs, reflecting updated cost forecasts; and different assumptions about load growth and other 
information from subsequent CEC documents. However, the SB100 version of the HES has 
been less extensively studied than the 2018-2019 iteration, including by the CEC itself. For this 
reason, the present analysis focuses on the HES as elaborated in the 2018-2019 reports noted 
above.  



The HES premise is that California GHG emissions must be reduced to 86 million metric tons 
per year to meet the goal of an 80 percent reduction in GHG emissions by 2050, relative to 
1990 levels, even as population is projected to increase 0.81 percent per year (Kavalec et al. 
2018). Under the HES, three primary strategies are proposed in order to achieve these 
emissions reductions: (a) the near-complete electrification of space heating and cooling loads in 
buildings, (b) the near-complete electrification of transportation, and (c) massive investments in 
renewable electricity generation and energy storage. Electrification would reduce emissions 
from the building and transportation sectors by replacing almost all fossil fuel use from those 
sectors with electrical power generated mainly from wind and solar assets to be developed in 
California and outside the state.  



Building electrification. The near-complete electrification of space heating and cooling in 
buildings assumed in the HES would require a rapid transition to electric heat pumps. At present 
about 67 percent of all state households use natural gas for heating (EIA 2021a, EIA 2021b). 
Existing gas powered devices in almost all homes and buildings will need to be replaced in most 
cases with electrical heating, cooling, cooking, and other equipment.5 The HES assumes that at 
least 50 percent of new sales of water heaters and HVAC equipment will be electric by 2030, 
and 100 percent of new sales will be electric by 2050. The HES reports from 2018-2019 note 
that these targets are quite aggressive, given the state of the market at that time, and identify 
several challenges to achieving them – including high capital costs, contractors’ lack of 
experience sizing and installing heat pump systems, and customers’ lack of experience. These 
reports identify “market transformation” as a key policy objective to avoid early retirement of 
functioning equipment, and provide an analysis of additional costs in the event that early 
retirements are needed. The HES also assumes rapid adoption of other energy-saving 
measures in buildings, such as LED lighting and more efficient refrigeration, and electrification 
of cooking and clothes drying. 



Transportation. Electrification of transportation would require the complete phase out of 
internal combustion engines for both light duty vehicles and trucks and commercial vehicles. As 
of September 2021, the state had about 425,000 registered EVs compared with a total of 26 
million cars and 6 million non-commercially registered (non-CRVA) trucks, meaning that EVs 
comprise about 1.4 percent of all vehicles (AFDC 2021, DMV 2019). The HES assumes that so-
called zero emission vehicles (ZEVs), which include battery EVs (BEVs), plug-in hybrid EVs 
(PHEVs), and hydrogen fuel cell EVs (FCEVs), would comprise 6 million light-duty vehicles by 
2030. By 2050, the HES assumes that 96 percent of light duty vehicles are EVs (35 million EVs 
total), including 19 BEVs, 11 million PHEVs, and 5 million FCEVs. Figure 1-1 shows trends in 
new ZEV sales in California since 2010, demonstrating that the number of new ZEVs has 



                                                      
5 According to EIA (2021a) there are 11.1 million residential natural gas customers as of 2019, which is over 80 percent of all 
households in the state.  
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increased dramatically in recent years. However, Figure 1-2 shows that substantial additional 
progress is needed to reach the HES goal, given that ZEV sales must transition from over 90 
percent in 2020 to zero percent by 2035, including a drop of approximately 30 percent of sales 
in the five years between 2030 and 2035.  



Figure 1-1: New ZEV Sales in California, by Year 



 
Source: CEC 2021c. Data for 2021 is through October 29, 2021. ZEV sales are updated on a quarterly 
basis by examining the DMV Vehicle Registration database for vehicles which show no evidence of 
transfer of ownership, and were purchased within the specified timeframe. To account for vehicles which 
may have been brought in from outside California, only those vehicles with a low odometer reading are 
treated as new sales. 
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Figure 1-2: Percent of New Sales of Light Duty Vehicles by Technology Type Under HES 



 
Source: E3-Decarb (Figure 10).  



The HES also assumes 47 percent of trucks are BEVs or FCEVs, and has aggressive goals for 
electrification of buses (88 percent), rail lines, ports, and harbor craft (Table 1-1). In addition, the 
HES assumes that by 2030, per-capita vehicle miles traveled (VMT) in light-duty vehicles 
declines by 12 percent relative to 2015, and by 2050, VMT declines by 24 percent relative to 
2015. 



Table 1-1: HES Measures Assumed in 2030 and 2050 



Measure or Assumption HES (2030) HES (2050) 



Building efficiency (% reduction in total building energy 
demand relative to 2015) 10% 34% 



Transportation VMT (% reduction in per capita light 
duty VMT relative to 2015) 12% 24% 



Industrial Efficiency (% reduction in total industrial 
energy demand relative to 2015 in non-petroleum 
industries) 



22% 22% 



Building electrification (% of new sales of water heaters 
and HVAC that are electric heat pumps) 50% 100% 



LDV electrification (Millions of ZEVs) 6 35 
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LDV electrification (ZEV % of total stock) 20% 96% 



LDV electrification (ZEV % of new sales) 64% 100% 



Trucking electrification (% of trucks that are BEVs or 
FCEVs) 4% 47% 



Trucking - alternative fuels (% of trucks that are hybrid 
& CNG) 6% 31% 



Bus electrification (% of total) 32% 88% 



Rail electrification (% of total) 20% 75% 



Port electrification (% of total) 27% 80% 



Industry electrification (% of non-petroleum industry 
end use fossil replaced with electricity) 0% 0% 



Petroleum industry demand reduction 14% 86% 



Advanced biofuels (% of fossil end-uses replaced with 
advanced biofuels)1 10% 46% 



Advanced biofuels (Total exajoules) 0.34 0.56 



Power-to-gas (% of non-electric-generation pipeline 
gas supplied by hydrogen and renewable synthetic 
methane) 



0% 0% 



Hydrogen fuel for vehicles (Total exajoules) 0.02 0.11 



Reductions in methane (% reduction relative to 2015) 34% 42% 



Reductions in F-gases (% reduction relative to 2015) 43% 83% 



% zero-carbon electricity, including large hydro and 
nuclear2 74% 95% 



Approximate % RPS  70% 103% 



Total electricity demand (TWh)  295 456 



Electric sector combustion emissions (MMT CO2e) 32 9 
Source: E3-Decarb, Appendix A. 
(1) Excludes hydrogen and synthetic methane used for fuel-cell vehicles and in the pipeline. 
(2) In-state nuclear is assumed to retire by 2025. Imports of nuclear from Palo Verde continue until 
retirement in 2047. 



The HES also assumes reduced GHG emissions from certain other contributing sectors. The 
following paragraphs document key assumptions of the HES with respect to other contributing 
sectors to GHG emissions in California. 



Oil and gas extraction. The HES does not explicitly assume reduced activity for petroleum 
exploration, production, or extraction, or export of crude oil or natural gas,6 but it does assume a 
substantial reduction in methane emissions from oil and gas extraction, processing, and 
transport in-state: a 45 percent reduction from the Reference scenario by 2030, and an 80 
                                                      
6. However, in July 2021, Governor Newsom directed the California Air Resources Board to evaluate how 



to achieve carbon neutrality by 2035, including an “analysis of how to reduce or eliminate demand for 
fossil fuel in California and end oil extraction in our state.”  
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percent reduction from the Reference scenario by 2050.  The costs for the HES include $4 
billion per year (as of 2030) to control methane emissions from these oil and gas extraction, 
processing, and transport activities (E3-Decarb, p. 51).  



Based on current technologies, the International Energy Agency (IEA 2021) estimates that it is 
only technically possible to avoid around three-quarters of today’s methane emissions from oil 
and gas operations, on average, globally. Thus, the assumed 80 percent reduction by 2050 
would require development of additional technology for methane capture. If this proves 
unachievable, a requirement to reduce methane by 80 percent would essentially force the 
cessation of oil and gas production in the state. 



Oil and gas refining. The HES assumes a 14 percent decline in in-state refinery production by 
2030, and 86 percent by 2050.7 The documentation for the HES notes that “it is not known how 
California’s refining sector will respond to a long-term, structural shift towards lower demand for 
gasoline and diesel in California from vehicle electrification. The sector could shift towards 
becoming a net-exporter of petroleum products, or it could reduce in-state production, as 
modeled. However, if GHG emissions from the refining sector do not decline significantly, it will 
make meeting the state’s long-term climate goal very challenging” (E3-Decarb, p. 38). 



Industrial electrification. The HES does not assume any industrial electrification. This is due 
to its relatively high cost, which arises from the inefficiency of substituting electricity for 
combustion to make heat. E3-Decarb notes that heat pumps offer efficiency advantages for 
room-temperature heating applications in buildings, due to their dual function in providing 
cooling and heating services. However, heat pumps do not offer the same advantage for high-
temperature industrial heating processes (E3-Decarb, p. 37). Rather, industrial electrification is 
contemplated as a “reach technology” that could serve as a backstop mitigation option in the 
event that less expensive mitigation options are not available (E3-Decarb, p. 37). 



Behavioral changes. Documentation of the HES notes that business and household decisions 
will play a pivotal role in the ability of the state to achieve its low-carbon objectives. These 
include higher purchases of EVs and electric equipment for cooking, water heating, and HVAC, 
but also some behavioral changes regarding the use of this equipment. Two areas are 
particularly notable: an assumed reduction in VMT, and flexible timing for EV charging and other 
loads. With regard to VMT reductions, the HES assumes the aggressive deployment of smart 
growth strategies – including more multi-family homes and more mixed-use community design, 
resulting in increased use of public transit, walking, and bicycling. Quantitatively, this leads to 
the assumption in the HES that by 2030, per-capita VMT in light-duty vehicles will decline by 12 
percent relative to 2015, and by 2050, VMT will decline by 24 percent relative to 2015.  



The HES also assumes a substantial portion of loads for both EV charging and building end 
uses are “flexible,” meaning that they could occur at a point in the 24-hour cycle when 
generation is relatively high or other demand is relatively low. Specifically, the HES assumes 
that by 2030, 20 percent of building end uses and 50 percent of light duty vehicle (LDV) EV 
charging is flexible and by 2050, 80 percent of building end uses and 90 percent of LDV EV 
charging is flexible (E3-Decarb, Tables 4 and 5). Given that much of the future electrical 
                                                      
7. E3-Decarb, Table A-1 and A-2, states that the HES assumes a 14% petroleum industry demand 



reduction by 2030 and 86% by 2050. E3-Decarb, p. 38, states that the HES assumes a 14% decline in 
in-state refinery production by 2030, but does not provide a comparable figure for 2050, nor is this 
figure stated anywhere in this report or any other source we identified. ERM assumed that the assumed 
decline in petroleum industry demand in the HES maps one-for-one onto an assumed decline in in-
state refinery production in 2050, as it evidently does in 2030. 
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generation assets will be solar, this implies that most of this ‘flexible’ load will amount to daytime 
loads; importantly, this means that the HES assumes a large proportion of EV owners (at least 
among those who do not work from home) have access to workplace charging. The HES 
documentation notes that flexible loads provide significant value to the grid in terms of being 
able to avoid short-duration storage that would otherwise need to be procured to integrate solar 
production with electricity demand. However, the documentation also notes that while many 
flexible loads can move electricity demand within the day, they cannot move it across days or 
weeks. Accordingly, it appears that the HES does not assume that flexible loads can be moved 
across days or weeks (E3-Calpine, p. 55-56). 



If EV charging and building end uses cannot be moved flexibly as assumed in the HES, this 
would result in higher costs due to the need for more short-duration energy storage. However, it 
seems reasonable to expect that these loads could be positioned flexibly over the course of the 
day. For instance, loads from commercial building end uses are typically greatest during 
daytime working hours. The assumptions regarding VMT reductions and cost of EV chargers 
(both residential and in the workplace) are analyzed in further detail in Section 2. 



Physical Scale and Pace of HES Development. E3-CP’s 2019 study estimated total installed 
capacity in 2020 of 21.2 gigawatts (GW) of industrial solar and 16.7 GW of wind and estimated 
total future installed capacity by 2050 as 123 GW and 21.4 GW (E3-CP Figure 10 and Table 
31). An excerpt from Figure 10 of the E3-CP report is provided below.  
 



 
Source: E3-CP, excerpt from Figure 10 Total Resource Portfolio Results. 



By comparison, CEC lists California’s 2020 existing operational solar photovoltaic (PV) and 
solar thermal electricity production capacity, including imports, as 15.63 GW, and wind energy 
production capacity as 5.98 GW, excluding imports (CEC 2021b). Using E3-CP’s capacity 
estimates, the projected net increase in capacity for industrial solar and wind is 101.5 GW and 
4.7 GW, respectively, or a 480 percent increase in industrial solar capacity (nearly a 5-fold 
increase over current capacity), and a 30 percent increase in wind capacity. This multiple 
increases to 650 percent when using the CEC’s 2020 baseline of installed solar capacity. 



E3-TNC provides estimates of the potential scale and location of solar, wind, and geothermal 
generation as well as generation-tie lines (gen-tie) and long-haul bulk transmission in California 
and other states required to implement the HES by 2050. E3-TNC creates three different 
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geographic scenarios, In-State, Part West, and Full West. The In-State scenario assumes all 
resources required to achieve the HES are generated within California, the Part West scenario 
allows for limited out-of-state generation imports from five states, while the Full West scenario 
allows for robust wind imports from eight other western states. E3-TNC also considers two 
different resource assumption scenarios, constrained and unconstrained. The constrained 
cases restrict renewable resource development potential to within RESOLVE zones and apply 
the RESOLVE Base as the maximum limit in each zone. The unconstrained cases expand 
renewable resource development potential to the rest of the state and do not impose maximum 
limits, except for New Mexico Wind in the Part West scenario. 



E3-TNC then uses screening factors to reach an estimate of developable land in each scenario, 
using a series of four successively more stringent environmental exclusions, or “siting level” 
(SL) cases. SL1 generally excludes legally protected lands, such as national parks. SL2 
excludes all of the SL1 land, plus Native American, federal or state and other lands that require 
permits for development. SL3 excludes SL1-SL2 lands, plus prime agriculture, “important avian 
habitat” and similarly high biological resource lands. SL4 excludes all of the SL1-SL3 land, plus 
lands that TNC believes have high connectivity or natural “intactness.”  E3-TNC Figure 11, 
presented below, demonstrates the varying solar, wind, and geothermal development that would 
occur in various scenarios, given specific siting levels and geographic constraints. 
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Source: E3-TNC Figure 11 Selected Project Areas (SPAs) in the Constrained scenarios. Siting Levels are 
shown in columns and Geographic cases are shown in rows. Text in each panel shows total installed 
capacity for Constrained scenarios (C) and Unconstrained scenarios (U). 



 



E3-TNC’s Full West SL4 Constrained scenario, which is discussed in detail in this report, would 
result in land area of 3,821 km2 (943,787 acres) for solar and 1,517 km2 (374,700 acres) for 
wind. Of this amount, approximately 2,723 km2 (672,581 acres) of solar and 80 km2 (19,760 
acres) would be constructed in California, and the remaining land areas would be dispersed in 
other western states.  



Other scenarios result in potentially higher or lower land areas. For example, in the Full West 
and In-State cases, and depending on the siting level, land areas for solar range from 1,545 to 
4,844 km2 (381,615 to 1,196,468 acres), respectively, and 82 to 8,170 km2 (20,254 to 2,017,990 
acres) for wind in In-State and Part West scenarios, respectively (E3-TNC Table 15).  



Applying E3-TNC’s land use benchmarks of 120 MW of solar generation per 4 km2 , and 55 MW 
for wind generation per 9 km2, E3-CP’s 2050 net deployment estimates of 101.5 GW solar and 
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4.7 GW of wind would require 3,383 km2 (835,683 acres) and 769 km2 (189,965 acres) for solar 
and wind development, respectively. However, these assumptions regarding HES development 
may underestimate or exclude certain components such as additional major new bulk lines, 
local electrical grid upgrades, local EV chargers, and new waste disposal facilities. 



For perspective, a land area of 2,723 km2 (672,581 acres), which represents the area of new 
solar development in California under the Full West SL4 constrained scenario, is roughly 
equivalent to much of the metropolitan Los Angeles region, from the City of Burbank to Los 
Angeles Harbor (see Figure 4-1 for a pictoral depiction of this area). For additional perspective, 
there are approximately 21,000 km2 (8,200 square miles, 5,187,000 acres) of urbanized land in 
California as listed in the 2010 U.S. Census (Census Bureau 2010), or roughly three times the 
City of Los Angeles. Thus, under the HES, a very substantial amount of land would have to be 
developed with solar resources, at levels far higher than achieved in the state to date.  



The high variability in land required to implement the HES reflects the uncertainties around the 
ultimate mix (solar, wind, distributed generation, etc.) and source location of new renewable 
energy generation; the contribution from battery storage and distributed energy; the contribution 
from “stretch” technologies that are not yet commercially available at scale (e.g., west coast 
offshore wind); and numerous demand factors. The combined magnitude and range of land 
cover estimates highlights the variability of the underlying model inputs, and thus the uncertainty 
regarding the practical ability to achieve the level of physical buildout required under any HES 
scenario.   



Cost Implications of Different Buildout Scenarios. E3-TNC’s multiple HES buildout 
scenarios have different implications for development costs. For example: 



 System costs may be reduced with wider geographic deployment because wind and solar 
availability is diversified. 



 RESOLVE constrained deployments generally cost more than deployments over a larger 
area in and out of state.  



 In all cases modeled by E3-TNC, the model relies heavily on utility-scale solar photovoltaic 
(PV) resources to achieve the HES objectives, reflecting the substantial declines in the price 
of solar panels in the last decade. 



Siting Levels are a key determinant of the total cost of RESOLVE portfolios. All else equal, 
applying more protective siting assumptions increases the total resource cost to meet 
California’s demand. For the Constrained In-State scenarios, the total cost increases from $116 
billion in the RESOLVE Base case to $133 billion under Siting Level 4, an increase of $17 billion 
or 14.7 percent (Table 1-2 below, adapted from E3-TNC p.29). Siting Levels 1 and 2 have 
modest incremental annual costs impacts ($1.3 billion and $2.5 billion, or 1.3 percent and 2.5 
percent, respectively), while the incremental impacts of the SL 3 and 4 are more significant 
($9.8 billion and $17 billion, or 8.4 percent and 14.7 percent, respectively). This pattern holds 
across Part West and Full West cases, with the exception of the Part West SL3, where the 
marginal impact of achieving SL 3 is about 3 percent (E3-TNC Figs. 5B and 7A). 
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Table 1-2: Cost of HES Siting Level Protections for the TNC Constrained In-State Case 
  RESOLVE 



Base Case 
Siting Level 



1 
Siting Level 



2 
Siting Level 



3 
Siting Level 



4 
Cost of Siting Level 
Protection (2019 billion $) 



$116.1  $117.6  $119.0  $125.9  $133.1  



Percent Increase from 
Base Case 



 
1.3% 2.5% 8.4% 14.7% 



Source: E3-TNC p.29, adjusted from year 2016 to year 2019 dollars using the CPI. 



 



The amount of available and selected wind capacity decreases with higher levels of 
environmental protection (higher SLs), which also results in a greater need for battery storage. 
Applying higher protections also results in higher costs and higher revenue requirements. 
Specifically, the highest siting level projections, SL4, would add an additional $17 billion (in 
2019 dollars) to the annual revenue requirement in 2050 (E3-TNC, pp. 28-29).  



HES Assessment Report Organization. The remainder of this report analyzes the impacts of 
the HES scenario on environmental, economic, and equity levels and discusses whether 
important information and assumptions are missing from the HES as previously analyzed. This 
report is intended to provide a framework for further discussion and research on questions such 
as: 



 Are the estimated energy costs complete?  



 What are the potential economic and equity consequences of the displacement of natural 
gas customers, particularly to low-income and minority households, middle-income 
production employees, and similar vulnerable groups? 



 What are the practical hurdles to achieve the amount of land development required for new 
renewable generation and transmission? 



 What are the potential adverse cumulative effects on land use, community integrity, and 
natural and cultural resources resulting from the physical buildout required to achieve the 
HES objectives? 



The remainder of this assessment report is organized as follows: 



 Chapter 2 provides an energy cost analysis associated with implementing the HES.  



 Chapter 3 provides an equity analysis of the potential disruptive consequences of the HES 
on the California economy as well as the unequal impacts to disadvantaged communities.   



 Chapter 4 provides an overview of land use development constraints and the estimated 
potential environmental consequences related to utility-scale renewable energy 
development associated with physical buildout of the HES.  



 Chapter 5 addresses waste characteristics and waste volumes associated with future end-
of-life disposal of renewable energy infrastructure. 



 Chapter 6 provides references. 
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2. ENERGY COST ANALYSIS 



CEC uses the RESOLVE model to evaluate least-cost capacity expansion options to meet 
California electricity and generation dispatch demand. CEC acknowledges that RESOLVE is a 
planning level model that omits certain cost elements, such as a thorough analysis of reliability 
and resource adequacy, potential costs from early retirement of functional end-use heating 
equipment, and market and non-market costs associated with land use conversion and land 
acquisition. However, there are several other omitted categories, or ways in which the projected 
resource build costs are likely to be underestimated, which are not mentioned by CEC. This 
section characterizes these additional elements and, where possible, provides quantitative 
estimates of their magnitude. In many cases these elements are little studied, so quantification 
is difficult, but this report attempts to provide representative cost ranges for each element based 
on related studies.  



The analysis that follows relies primarily on four types of sources. First, ERM used published 
reports from CEC, E3 and CPUC, including E3-Decarb, E3-Calpine, E3-TNC, and E3-GasFut. 
Second, ERM used a 2019 version of E3’s RESOLVE model, which provides the ability to dig 
more deeply into the estimates provided in published reports that include high-level outputs of 
RESOLVE.8  



Third, ERM used administrative data from the US Census Bureau, US Energy Information 
Administration, and similar sources, which provide additional analytical elements that help to 
contextualize and support analysis of the E3/CEC outputs. Finally, a variety of academic studies 
and grey literature from recognized organizations provide additional context and analysis to help 
demonstrate the viability of certain assumptions in the CEC analyses, as well as insight on 
realistic costs for certain elements that are excluded or under-emphasized in the CEC reports. 



Another CEC model that provides inputs into RESOLVE – called the PATHWAYS model – 
evaluates scenarios of GHG reduction measures to meet the long-term energy demand of the 
state of California through 2045. Assumptions about electric technology adoption curves and 
energy efficiency drive both the level and timing of projected system-wide electric demand. 
Assumptions about capacity expansion options and least-cost dispatch drive projected system-
wide revenue requirements and costs. CEC uses emissions constraints from PATHWAYS and 
load projections from the Integrated Energy Policy Report (IEPR) and other sources (CEC, 
2021b) as inputs into RESOLVE.  



 



                                                      
8.  ERM was not able to obtain a version of the RESOLVE model that precisely matches the model used 



to produce the analysis of the HES in either E3-2019 or E3-TNC. These reports are dated June 2019 
and E3-2019 states that the version of RESOLVE used for the report was the version released in 
September 2017, but further modified. E3-TNC states it used the version of RESOLVE utilized for the 
2017-2018 IRP, also further modified. ERM searched available documentation including the CPUC 
website of proceedings and the historical IRP records, and was able to obtain a version of RESOLVE 
dated October 1, 2019 but not any earlier version. There are a few differences evident between the 
HES output of this model version and the output documented in E3-2019. Where these differences 
affect the analysis, they are noted in the text, along with documentation of how ERM approached the 
analysis to accommodate the differences. 
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2.1 Resource Requirements in the HES 



According to E3-Decarb (Table 31), the CEC proposes to service the load envisioned under the 
HES by building massive new utility-scale solar and customer (behind-the-meter) solar, as well 
as battery storage resources. The HES would also involve building some new onshore wind 
resources, and would involve the retirement of some gas peaker plants. The HES does not 
assume any new construction of customer-side battery (storage) installation.  



Table 2-1 shows the total installed capacity by technology under the HES, according to E3-
Decarb (Table 31). This includes some currently available resources that RESOLVE assumes 
would remain online in future years, as well as some new buildout, and also incorporates some 
planned or assumed retirements of existing capacity.  



Table 2-1: Total Resources under HES (MW of capacity) 
Technology Type 2027 2030 2035 2040 2045 
Nuclear 3,379 2,229 1,079 1,079 0 
Combined heat and power 
(CHP) 72 27 27 0 0 



Coal 1,800 1,800 0 0 0 
Gas, combined-cycle (CCGT) 20,742 20,742 20,195 20,195 20,195 
Gas peaker 10,084 8,192 4,830 4,830 4,830 
Large hydro 12,610 12,610 12,610 12,610 12,610 
Small hydro 595 595 595 595 595 
Biomass 787 787 787 787 787 
Geothermal 1,586 1,586 4,196 4,516 4,516 
Wind 16,748 16,748 17,724 21,438 21,438 
Wind offshore 0 0 0 0 0 
Solar 21,152 21,741 22,376 70,051 122,657 
Customer solar 5,821 9,596 15,335 20,002 24,742 
Battery storage 478 1,530 5,916 36,131 74,889 
Pumped storage 3,049 3,049 3,049 3,049 3,049 
Demand response 1,752 1,752 1,752 1,752 1,752 
Flexible load 0 0 618 3,427 3,427 
Hydrogen electrolysis 79 102 138 264 349 
Total 100,734 103,086 111,227 200,726 295,836 
Variable Renewable Energy 
(VRE) 43,721 48,085 55,435 111,491 168,837 



VRE % of total resources 
(excluding flexible load and 
demand response) 



44% 47% 51% 57% 58% 



Source: E3-Calpine Table 31, and authors’ calculations. Variable renewable energy (VRE) is calculated as the 
sum of wind and solar.  



According to E3-Calpine, the HES would entail about 12.2 percent curtailment of utility-scale 
wind and solar resources. This rate of curtailment may impact project economics, depending on 
how individual solar and wind generators are compensated for power produced but curtailed. 
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Several studies suggest that falling technology costs imply it is cheaper to overbuild solar and 
wind, and curtail excess output rather than investing in relatively costly battery storage (e.g. 
Denholm et al. 2021, Perez and Rabago 2019). However, to the extent that assumptions 
regarding straightforward environmental permitting (see Section 4) or other elements that affect 
costs (Section 2.3) are overly optimistic, the costs to overbuild and then curtail wind and solar 
resources will be understated. For instance, if solar and wind resources prove more challenging 
to build for economic or logistical reasons, planners may find they need to install more-costly 
storage technologies, beyond those that are currently anticipated under the HES.  



2.2 Reliability and Resource Adequacy 



Throughout all documentation of the HES, the CEC acknowledges the need for natural gas 
generation to help ensure resource adequacy and reliability during periods of low renewables 
generation. For instance, both E3-Decarb and E3-Calpine state repeatedly that achieving 100% 
zero-carbon generation appears to be cost prohibitive without major advances in low-cost 
energy storage, including long-duration energy storage.  



Accordingly, in the HES, 25 GW of natural gas generation capacity is retained for reliability 
throughout the planning horizon (Table 2-1). According to E3-Calpine, this is the quantity of gas 
capacity that minimizes the total cost of electric service while reducing carbon emissions to 10 
million metric tons. E3-Calpine (p. 41) states that forcing additional gas generation to retire and 
replacing the capacity it provides with renewables and storage would be extremely costly, given 
that gas generation capacity can be dispatched when most needed by the grid.9 



As documented in E3-Calpine, E3 considered scenarios involving 10 GW or 0 GW of gas 
generation capacity and concluded that these scenarios would require significantly longer-
duration storage technologies and substantially higher revenue requirements: an additional $28 
billion and $65 billion, respectively (year 2016 dollars). E3 also concluded that the 0 GW gas 
case would require a 230 percent increase in solar capacity and 50 percent annual curtailment 
of renewable energy production. E3 does note that, while potential future breakthroughs in long-
duration energy storage technology could result in optimal portfolios that entail less renewable 
overbuild, current technology for long-duration storage is impractically expensive.  



The HES also assumes that 10 GW of imported power is available, at all times of the year, for 
resource adequacy purposes. E3-Calpine (Section 4.1) states that “this assumption is generally 
consistent with assumptions used in the CPUC’s Integrated Resource Planning proceeding, as 
well as other assessments of the state’s ability to import power during peak periods.” These 
“other assessments” appear to allude to the notion that power demand peaks in winter in the 
northwestern US but in the summer in California, which means that the northwestern US would 
be able to provide capacity to California in summer. However, there is some uncertainty about 
the availability of imports in the future, especially as loads grow, coal generation retires, and 
regional loads may become more temporally coincident (E3-Calpine, p. 33).  



                                                      
9.  As E3-Calpine states (p. 41), “Replacing natural gas generation capacity with additional intermittent 



renewables and storage requires one or both of the following approaches: (1) oversizing the 
renewable generation so that it can serve load even when solar and wind production are low; (2) 
significantly increasing the duration of energy storage so that it can ride through periods of low 
renewable generation without completely discharging. Oversizing renewables generally entails 
significant renewable curtailment under normal conditions. Significantly increasing storage duration is 
prohibitively expensive given current technology.” 
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Accordingly, E3-Calpine conducted a sensitivity analysis under a scenario in which no out-of-
state imports would be available for resource adequacy purposes, thus requiring all resource 
adequacy needs to be met with resources within the state. This analysis found that to the extent 
that import availability is lower than the assumed 10 GW, the optimal quantity of natural gas 
generation capacity would increase approximately 1-for-1: that is, to a total of 35,264 MW of gas 
generation capacity, rather than the 25,025 indicated in Table 2-1. The cost for operation and 
maintenance of this gas generation capacity would amount to a $1 billion increase in annual 
revenue requirement (year 2016 dollars; E3-Calpine, Table 10). 



2.2.1 Probabilistic Simulation Model for Resource Adequacy 
It is worth noting that RESOLVE, as a long-run capacity expansion model, uses somewhat 
simplified assumptions to assess reliability of a selected resource portfolio. However, the HES 
as developed and documented in E3-Calpine applies a loss-of-load probability model developed 
by E3 – the Renewable Energy Capacity Planning (RECAP) model – to test for resource 
adequacy. RECAP calculates the probability of loss-of-load events (LOLE) by simulating the 
electricity system with a specific set of generating resources and loads under a wide variety of 
weather years, renewable generation years, and randomly assigned forced outages of electric 
generation resources and imports. RECAP simulates the system thousands of times under 
different conditions, with probabilistic assignment of these underlying conditions or ‘states of 
nature,’ to develop a distribution of system performance parameters, including LOLE.  



The HES documented in E3-Calpine (which is also the basis for the HES that is documented in 
E3-TNC) is adjusted for resource adequacy by running RECAP to assess the reliability of 
resource portfolios produced by RESOLVE, and improve them by adding resources when the 
reliability is insufficient (i.e., where LOLE exceeds 2.4 hours per year).10 E3-Calpine (Table 8) 
reports that according to RECAP, the loss-of-load expectation in 2050 under the HES would be 
1.05 hours per year, which is less than the incidence of LOLE in 2018 (1.15 hours per year).  



Notably, a subsequent version of HES – one that is documented in the March 2021 Joint 
Agency Report (CEC 2021a) – was not adjusted for resource adequacy using RECAP or any 
other form of probabilistic modeling. Indeed, the documentation for the March 2021 iteration of 
the HES notes repeatedly that more extensive analysis is needed to fully assess resource 
adequacy and reliability.11  



2.2.2 Additional Benchmark Data 
To provide an additional perspective on resource adequacy and reliability in the HES, it is worth 
considering the large number of academic studies have raised concerns about the reliability of 
electrical grids with a large share of VRE. In a recent review article, Jenkins et al. (2018) 
reviewed 40 studies published from 2014 to 2018 of “deep decarbonization” pathways in the 
power sector, defined as a reduction of 80 to 100 percent in CO2 emissions from current levels. 
As they note, “despite differing methods, scopes, and research questions, several consistent 



                                                      
10.  E3-Calpine notes that there is no single uniform standard for sufficiency with respect to resource 



adequacy, either promulgated by the North American Electric Reliability Coordinating Council (NERC) 
or the state of California. A commonly referenced standard is “1 day in 10 years,” but even this can be 
interpreted in different ways (e.g., 24 hours over 10 years, 2.4 hours per year, or 1 event in 10 years).  



11. Instead, the HES that is documented in CEC (2021a) assumes a 15 percent planning reserve margin 
over peak loads, which is a common proxy for LOLE-based reliability standards, and is also consistent 
with the resource adequacy program that the CPUC requires for load-serving entities.  
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insights emerge from this literature.” One of the key insights is that there is “strong agreement in 
the literature that reaching near-zero emissions is much more challenging – and requires a 
different set of low-carbon resources – than comparatively modest emissions reductions” (on 
the order of 50 to 70 percent), because lower reductions “can readily employ natural gas-fired 
power plants as firm resources”. This finding is consistent with the retention of natural gas in the 
HES. 



Of particular note for California’s efforts, the fact that wind and solar generation varies 
substantially not just on a daily cycle but also over weekly, monthly, and seasonal periods 
implies that scenarios that are highly reliant on VRE must also take care to temporally balance 
loads with variable supply. Jenkins et al. (2018) suggest part of this temporal balancing would 
require technological improvements such as “smart” controls that allow EV owners to modulate 
charging rates (or potentially return power to the grid). Although Jenkins et al. (2018) do not 
specifically address utility planning or modeling frameworks that could be used to plan for 
resource adequacy, ERM’s conclusion is that the “2019 HES” as elaborated in E3-Calpine and 
E3-TNC, including with the extensive simulations of LOLE modeled in RECAP and resulting 
adjustments made to the resource portfolio selected for the HES, is sufficient to address 
concerns about resource adequacy. 



Jenkins et al. (2018) also take note of the fact that “inefficient utilization requires very-low-cost 
wind and solar to make overcapacity economical”. That is, overbuilding VRE capacity to meet 
peak demand and then curtailing the VRE supply during periods of lower-than-peak demand, 
while maybe less expensive than battery or pumped hydro storage, relies on inexpensive land, 
inexpensive generation resources, and readily available transmission corridors. If wind and solar 
do not remain at extremely low costs, the overbuilding of VRE capacity necessary to make a 
high VRE system reliable may no longer be cost-effective.  



Like other researchers, Jenkins et al. (2018) demonstrate that the variability of solar and wind 
generation over hours, weeks, months, and seasons implies exponential increases in the total 
cost of grid systems as the share of renewable energy increases. This point is also described in 
two other recent studies, one by Brown et al. (2018) and one by Denholm et al. (2021), both of 
which provide a detailed discussion of the challenges of achieving a 100 percent renewable 
energy system. All three of these studies agree, however, that levels of renewable energy 
penetration up to about 70 to 80 percent do not require the extraordinarily costly measures that 
would be necessary to guarantee reliability and resource adequacy in a system approaching 
100 percent renewable energy. For instance, Jenkins et al. (2018) report that a (hypothetical) 
continental US electric grid with 80 percent of annual energy coming from renewable sources 
would experience on the order of 10 percent curtailment of renewable energy, which is broadly 
consistent with the output of RESOLVE. Jenkins et al. (2018) find that only at levels of VRE over 
80 percent and approaching 100 percent does wind and solar curtailment jump to the much 
more substantial level of 40 to 50 percent (Figure 2-1). 
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Figure 2-1: Nonlinear Increases in Cost and Curtailed Wind and Solar as Renewable 
Energy Share Increases 



 
Source: Jenkins et al. (2018), Figure 2. 



It is instructive – though also potentially misleading – to compare these study results to the 
assumptions of the HES. As indicated in Table 2-1, under the HES in 2050, VRE would 
represent 58 percent of total generation capacity, and RE (including pumped hydro and battery 
energy storage) would represents 95 percent of capacity. The former is well within the 
“reasonable curtailment and cost” range of Jenkins et al. (2018), but the latter is not. However, 
the comparison is potentially misleading, for two reasons. First, there is no one threshold that 
either Jenkins et al. (2018) or other papers agree is “too much” VRE or RE on a system (i.e., 
without incurring extraordinary costs). This arises in part because of complexities within 
individual systems, such as the extent of daily, monthly, and seasonal variation in VRE 
generation patterns and in demand patterns, and to what extent these supply and demand 
variations align. Given these complexities and system-level variations, different systems have 
different abilities to accommodate different levels of penetration of RE or VRE without incurring 
extraordinary costs, so there is no “one-size-fits-all” prescription. 



This gives rise to the second reason that the comparison is misleading. The gold standard of 
predicting whether a given resource portfolio provides sufficient resource adequacy to ensure 
reliability is probabilistic simulation modeling that incorporates system-specific data, such as the 
temporal patterns of generation associated with specific (existing or future) generation assets, 
and the temporal patterns of demand. The nature of the analysis in Jenkins et al. (2018), and 
similar studies with higher-level indicative conclusions about a range of systems, precludes this 
kind of probabilistic simulation modeling.  



In this sense, comparing the HES assumptions to the papers discussed here provides 
something of a benchmark, but the probabilistic simulation modeling of loss-of-load events 
performed by the RECAP model – which informs the resource portfolio selected in the HES – 
provides a more precise and accurate analysis. This analysis also has the advantage of being 
based in data specific to California, both in terms of demand and supply. That is, the analysis of 
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the HES using the RECAP probabilistic simulation model – showing, as it does, that the level of 
reliability in 2050 under the HES is within the acceptable range for NERC – and the projected 
incidence of LOLE is lower than that in 2018 – is more convincing than the models reviewed by 
Jenkins et al. (2018). Of course, as noted above, the HES assumes the retention of 25 GW of 
natural gas generation capacity to increase system reliability throughout the planning horizon.  



2.3 Costs Excluded from HES Documentation 



As noted in the introduction, CEC acknowledges certain cost elements that RESOLVE omits; 
however, there are several other omitted categories that are not mentioned by CEC. This 
section characterizes these additional elements and their potential implications for revenue 
requirement and electric rates. To provide an overview, Table 2-2 summarizes the categories 
reviewed in this section. The focus throughout is on the annual revenue requirement as of 2050, 
and implications for electric rates (i.e., cost per kWh) in 2050. 



Table 2-2: Adjustments to Revenue Requirements and Implications for Rates 
Item 2050 Revenue 



Requirement (billions of 
2019 $, annual) 



Implied Cost per kWh, 
cents  



(2019 $)1 
2019 HES from E3-Calpine (Figure 22)2 $116.1 22.7 



Resource costs in addition to revenue 
requirement 



$20.3 4.0 



Optimism bias adjustment, 2x $35.2 6.9 



Optimism bias adjustment, 3x $70.3 13.7 



Project permitting and mitigations $1.1 0.2 



Land acquisition $0.32 0.1 



Decommissioning expenses $0.7 0.1 



EV chargers and supply equipment $2.0 0.4 



Transmission and distribution system 
upgrades 



$8.5 1.7 



Frequency regulation $0.006 0.001 



SL4 environmental siting protections $17.0 3.3 



Wildfire adaptation $20.4 4.0 



Total resource cost (with 2x OBA) $221.6 43.3 



Total resource cost (with 3x OBA) $256.7 50.1 



(1) Based on total consumption of 512,120 GWh/year in 2050 (E3-Calpine, Table 32). 
(2) Updated from 2016 to 2019 dollars using CPI (i.e., multiplying by 1.065). 



The first row in Table 2-2 is simply the stated revenue requirement from E3-Calpine, converted 
from 2016 to 2019 dollars using the CPI. The subsections that follow provide additional 
information and demonstrate the analysis used to produce the quantitative estimate for each 
subsequent row in the table. 
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2.3.1 Resource Costs in Addition to Revenue Requirement 
The revenue requirement does not capture all of the cost to provide power. E3-Calpine 
estimates a revenue requirement of $109 billion in 2050 (2016 dollars). This source also states 
that the load in 2050 amounts to 512,120 GWh annually (E3-Calpine, Table 32), and the retail 
rate would be 25 cents per kWh (2016 dollars; E3-Calpine, Figure 23). This implies an additional 
annual cost of $19 billion (2016 dollars), as of 2050. (This is equivalent to $20.3 billion in year 
2019 dollars.) The genesis of this additional cost is not explained in E3-Calpine. However, the 
RESOLVE model provides a clue, by including a line item for “Scenario-Specific Customer Cost” 
that is added to the revenue requirement to produce a total resource cost (which is then used to 
calculate the retail rate, in cents per kWh).  



This “Scenario-Specific Customer Cost” is not defined or mentioned in written documentation 
ERM has been able to locate, either in E3/CEC/CPUC reports or otherwise. For the purposes of 
these calculations, ERM assumed that the HES includes a $20.3 billion additional annual cost 
(as of 2050; 2019 dollars) that must also be paid by retail ratepayers. It is possible that this cost 
encompasses some of the components that are itemized separately here (e.g., incremental 
capital costs for equipment to be purchased by end users), but without further documentation 
from E3/CEC it is not possible to know. 



2.3.2 Optimism Bias 
Optimism bias is a well-documented cognitive bias that leads people to believe that they are 
less likely to experience a negative event and more likely to experience a positive event. This is 
also a well-documented phenomenon in public works in California and other locations. To cite 
just one example from extensive academic literature, Oxford University management expert 
Bent Flyvbjerg (2011) documents numerous examples of such cost overruns in major projects, 
and notes that “In recent surveys of major projects, nine out of 10 had cost overruns, cost 
overruns of 50 to 100 percent were common, and overruns above 100 percent were not 
uncommon.”  



California has its share of projects in which planners provide overly optimistic timelines and 
projected expenditures for public projects. The Bay Bridge is a notable example. In 1996, the 
California Department of Transportation announced the state would spend just over $1 billion 
over seven years to replace the Bay Bridge, but the bridge ultimately opened in 2013 (10 years 
later than expected) at a total cost of $6.4 billion. Retrospective analysis indicates the cost 
increase and delay was driven by a complex set of factors: local mayors who pressed for a 
more aesthetically pleasing structure, planners who were concerned about conflicts with other 
plans in place and the need to coordinate efforts, local opposition in some areas, increased 
insurance costs driven partly by unforeseen events (including the September 11, 2001, terrorist 
attacks), national increases in construction and materials costs, and overly optimistic 
assumptions about design and construction aspects (Angell 2013). Other high-profile ambitious 
projects that have suffered schedule extensions and cost overruns include the California Water 
Fix and Eco Restore project (formerly known as the Bay Delta Conservation Plan) and the 
California High-Speed Rail project.  



Although there are some critical differences between the Bay Bridge example and the HES – 
most notably, the HES involves numerous relatively small projects with initial capital provided by 
a multiplicity of private and public actors, whereas the Bay Bridge was one large project with a 
smaller number of mainly public funders – there are critical similarities as well, including the 
overall complexity of the project, a long planning horizon, and a multiplicity of actors involved.  
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Characteristics of the HES fit very well into the definition of “major projects” that are likely to 
suffer from optimism bias according to Flyvbjerg (2011)’s systematic study. Among other things, 
the HES is inherently risky due to a long planning horizon and complex interfaces; decision-
making, planning and management are multi-actor processes with conflicting interests; there 
may be overcommitment to a certain project concept at an early stage; and complexity and 
unplanned events are largely unaccounted for.  



Another element that makes the HES inherently risky is that many other jurisdictions in the US 
and overseas are likely to be attempting deep decarbonization efforts in the same timeframe as 
California. Global simultaneous investments in similar technologies could also result in higher 
costs for materials and labor, as numerous parties around the world attempt to develop very 
similar projects on a scale previously unseen. This is especially true to the extent that essential 
components such as lithium-ion batteries and inverters for solar panels and wind turbines are 
critically dependent upon a steady and growing supply of rare-earth minerals, the production of 
which is concentrated in China and other countries with a high degree of geopolitical power and 
whose relations with the US may not be stable or predictable over the long run (IEA 2021; Mills 
2021; Lipton et al. 2021). To illustrate, Figure 2-2 shows the projected increase in demand for 
minerals that are used in clean energy technologies, according to IEA (2021). The figure 
demonstrates that under the “Sustainable Development Scenario” – that is, the deployment of 
clean energy technologies that would be necessary to meet GHG emissions commitments 
under the Paris Agreement – the demand for lithium would increase by 42 times between 2020 
and 2040, the demand for cobalt would increase by 21 times, and the demand for rare earth 
metals would increase by 7 times.  



Figure 2-2: Mineral Demand for Clean Energy Technologies 



 
Source: IEA (2021). SDS = Sustainable Development Scenario. 



Figure 2-3 demonstrates further the geographic concentration of current production of these 
critical minerals. Unlike the extraction and processing of oil and natural gas – which are 
relatively broadly diversified, with the top three producing countries representing less than half 
of global production – the extraction and processing of critical minerals that underlie non-fossil 
energy resources is more concentrated in a smaller number of countries. Several of these 
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countries (or international companies that operate mining concessions) have relations with the 
US that may not be stable or predictable over the long run (Lipton et al. 2021, IEA 2021). 



Figure 2-3: Geographic Concentration of Mineral Production for Clean Energy 



 
Source: IEA (2021).  



Beyond issues of geographic concentration of production, shortages may arise as well, barring 
more efficient use of critical minerals (particularly in battery storage) or the use of alternative 
materials. For instance, the US Department of Energy (2021) notes that EV batteries can 
contain up to 20 kg of cobalt per 100 kWh battery pack. If this is the cobalt content for the 
battery in each of the 35 million EVs envisioned under the full HES buildout, the total amount of 
cobalt in these batteries alone would be 700,000 metric tons, which is five times the 2020 global 
production and amounts to nearly 10 percent of the estimated global reserves of 7.1 million tons 
(USGS 2021). Extraordinarily high prices for cobalt are driving battery manufacturers to 
consider other metals in its place, but cobalt oxide provides performance characteristics that 
prove difficult to substitute for (US Department of Energy 2020). Similarly, the estimated lithium 
content for a 100 kWh EV battery is about 16 kg (Martin 2017); this would imply the EVs alone 
projected under the HES would use 560,000 metric tons of lithium, which is about 7 times global 
production in 2020 and about 2.7 percent of estimated global reserves (USGS 2021). 



Thus, shortages of or competition for raw materials, especially for batteries, could contribute to 
optimism bias. There could also be increased competition for renewable energy itself and 
increased costs for waste disposal. 



However, if the costs of materials can be managed or controlled, the fact that many other 
jurisdictions are likely to be attempting deep decarbonization efforts in the same timeframe 
could also have beneficial implications for costs. For instance, a large scientific literature has 
repeatedly demonstrated the existence of technological learning effects, by which costs for new 
technologies decline rapidly with increased production and adoption (e.g., Roser 2020; 
Thomassen et al. 2020). In this sense, widespread and multi-country demand for energy-
efficient equipment, electric end-user devices, solar and wind generation assets, and energy 
storage devices would likely lead to continued advances in technological learning and thus 
reduced costs. To provide two relevant examples, Figure 2-4 provides an overview of the price 
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of lithium-ion batteries compared to cumulative installed capacity, and Figure 2-5 provides a 
similar overview for various electricity generation technologies. Figure 2-4 demonstrates that for 
every doubling in cumulative capacity, prices for lithium-ion batteries declined an average of 
18.9 percent - the “learning rate.” Figure 2-5 demonstrates learning rates of 22 percent in 
onshore wind and 36 percent in solar PV.  



Figure 2-4: Price and Market Size of Lithium-Ion Batteries Since 1992 



 
Source: Ziegler and Trancik 2021, as reported in Roser 2020.  
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Figure 2-5: Electricity Generation Cost per MWh and Cumulative Capacity 



 
Source: Roser (2020). 



 



Regardless of how technological progress and learning curves develop, the more conventional 
and common issues raised in Flyvbjerg (2011) remain. Given that optimism bias is a well-
documented phenomenon relevant for project planning across a wide variety of projects in many 
jurisdictions, ERM considers it reasonable to incorporate a correction for optimism bias into the 
calculation of costs that correspond to outputs of the CEC’s RESOLVE planning model.  



To adjust the predicted costs and revenue requirements for optimism bias, ERM adjusted the 
2019 RESOLVE model to incorporate two different levels of adjustment for capital costs 
associated with new buildout of solar, wind, and other new generating assets, as well as energy 
storage. Under the assumption that capital costs are 2 times greater than predicted in the HES, 
the total annual revenue requirement in 2050 would increase by about $35.2 billion (in 2019 
dollars). ERM also analyzed a scenario in which capital costs are three times greater than 
predicted in the HES, which is above the average of the projects analyzed in the Flyvbjerg 
(2011) study, but well within the range reported therein. In this scenario, the total annual 
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revenue requirement in 2050 would increase by about $70.3 billion over the level documented in 
E3-Calpine.  



2.3.3 Permitting and Land Acquisition 
Permitting costs – including CEQA and/or NEPA analysis, other state, federal, and local 
permits, and potential litigation – could be substantial, especially given the wide-scale nature of 
the development of new resources envisioned in the HES. A typical rule of thumb in the 
construction industry – that ERM has found to hold up in its own projects – is that permitting 
costs add up to 1 to 2 percent of capital costs. We used the higher (more conservative) value 
due to anticipated higher concerns as the HES-guided buildout of projects continues, which may 
also make for a more difficult process regarding such elements as the cumulative analysis (i.e., 
analyzing environmental impacts of a particular project along with other past, present, and 
reasonably foreseeable future projects in the same geographic area). ERM also added an 
additional 1 percent of capital costs to account for mitigation measures that project sponsors 
may have to put in place to minimize adverse impacts following CEQA or other review. 
Adjusting RESOLVE to increase capital costs for all new generation assets by a total of 3 
percent (i.e., 2 percent for permitting and 1 percent for mitigation measures) results in an 
increase in annual revenue requirements of about $1.1 billion each year through 2050. 



ERM also estimated land acquisition costs. As documented in Section 4.3.1, ERM estimates 
that land acquisition costs would be about $4.9 billion in total. Annualizing this cost over 30 
years at a 5 percent cost of capital suggests an annual revenue requirement of about $319 
million. 



2.3.4 Decommissioning Expenses 
Decommissioning costs include disassembly, removal, management of waste streams, and site 
remediation associated with the retirement of a power-generating asset. Given that the 
expected useful life of all generation assets is finite, it is best practice to include 
decommissioning expense when projecting costs and revenue requirements for a program such 
as the HES. However, it appears from the published reports from E3, CPUC, and CEC that the 
RESOLVE-based analyses do not include these costs in their assessments. 



Relatively few solar or wind generation assets have reached the end of their useful lives, so 
industry experience with decommissioning these facilities is limited. However, a paper from 
Resources for the Future (Raimi, 2017) provides a review of available information and a 
summary of decommissioning expenses for solar and wind. These are provided on a per-MW 
basis and include the costs for equipment disassembly, disposal, and transportation to 
appropriate materials recovery facilities and/or landfills, as well as site decommissioning and 
remediation.  



As noted in Raimi (2017), a key element in the net decommissioning expenses for wind farms is 
the estimated value of scrap materials generated in the process of dismantling towers and 
turbines. In many cases, plant owners estimate that the total cost of decommissioning will be 
offset by 50 percent or more from the sale of these scrap materials. However, as the author 
points out, prices for steel and other metals can be highly volatile. The average per-MW 
decommissioning cost estimate identified in Raimi (2017), from a sample of about 25 
decommissioning plans for onshore wind, is about $40,000 (Raimi 2017, Figure 14). The 
documentation for these plans is not always sufficient to verify the sources for estimated 
commodity prices used to impute materials salvage values. As a result, a more conservative 
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estimate – one that discounts the purported salvage values, and keeps in mind that there is very 
little actual experience to date with decommissioning wind power plants – would be in the range 
of $80,000 per MW.  



Decommissioning costs for solar PV units tend to be somewhat higher than for wind turbines on 
a per-MW basis as PV facilities are composed of hundreds or thousands of individual modules, 
and thus dismantling them is time- and labor-intensive. Raimi (2017) notes that one estimate of 
solar PV decommissioning costs prepared by the state of New York estimates that nearly 90 
percent of the costs arise from dismantling and removing equipment – removing each module, 
dismantling the support structure, removing electrical wiring, and breaking up concrete – and 
only 10 percent come from activities such as site grading and restoration. Raimi (2017) also 
notes that like wind turbines, expected decommissioning costs for solar PV units depend 
substantially on assumptions regarding the salvage value of materials. Removing the 
decommissioning plans that contain the most optimistic estimates for salvage value of panels 
(and noting that most plans estimate $0 for salvage value) leaves an average estimate 
decommissioning cost of $69,000 per MW (Raimi 2017, Table 9).  



Both of these figures are in year 2016 dollars and escalating to year 2019 dollars yields an 
estimate of $85,000 per MW for wind, and $73,000 per MW for solar. Based on estimated build-
out of 126,000 MW of new solar (including 110,657 MW of utility scale solar and 15,282 MW of 
BTM solar), and 15,903 MW of new wind, decommissioning expenses would total $10.6 billion. 
Annualizing this cost over 30 years at a 5 percent cost of capital leads to an annual revenue 
requirement of about $686 million. 



2.3.5 Costs for Electric Vehicle Charging Infrastructure 
As noted in Section 1, the HES assumes near-complete electrification of the light-duty vehicle 
fleet by 2050, with an expected 19 million BEVs, 11 million PHEVs, and 5 million FCEVs 
comprising the LDV fleet by that year. The massive expansion of EVs will also require a 
corresponding investment in both residential and non-residential charging infrastructure. These 
costs appear to be excluded from the revenue requirements and total resource costs 
documented in E3/CEC published reports.12  



As a result of increased usage of EVs, both residences and commercial buildings alike will 
require installation of EV charging infrastructure (also called electric vehicle supply equipment, 
or EVSE). Costs associated with charging stations vary based on level, region, and the number 
of vehicles the station supports. The EV industry classifies charging stations by level, with 
higher levels offering higher capacity flow and thus faster charging. However, charge time also 
varies with parameters of the specific vehicle, and there are also differences within levels (e.g., 
direct current fast charging or DCFC chargers are currently available in capacities of 50, 150, 
and 350 kW). Average capital costs by station are shown in Table 2-3.  



                                                      
12. E3-Decarb includes a cryptic note in a table labeled “Transportation Data Sources” (p. B-7) about “EV 



incremental costs” that refers to a PG&E report on identifying locations for EV charging stations. The 
table entry indicates that some information from this PG&E report (but precisely what is not specified) 
was “Used for LDV auto and truck, PHEV and BEV costs and PHEV utility factors.” The table also 
notes an assumption that workplace EV chargers would cost $4100 per vehicle (2012 dollars) to 
install, as of 2030, but does not provide a source for this figure, or any comment on how that figure 
was used.  
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Table 2-3: Unit Costs for EV Charging Stations 



Charging Station 
Type 



Component Cost 
(2019 $) 



Outlet Type (Volts) Full Charge Time 



Level 1 $0 120  12-36 hours 



Level 2 (residential) $380-$689 240 6-35 hours 



Level 2 (commercial) $2500-$4900 240 6-13 hours 



DCFC (150 kW) $75,600-$100,000 480 40 minutes 



DCFC (350 kW) $128,000-$150,000 480 17 minutes 



Note: Level 1 charging uses a regular wall 120 V socket, so ERM assumed zero additional cost for this 
form of charging. Costs for Level 2 residential and commercial chargers, and DCFC, are from a 2019 
charging infrastructure survey reported in Rocky Mountain Institute (2020). Full charge times are based 
on a 100 kWh battery back, but in practice would depend on vehicle model and battery pack size as 
well as charging station type. Capital costs include charging station equipment only, and not (for 
commercial chargers) costs such as credit card readers or data contracts.  



 



A 2017 NREL report on how charging infrastructure needs in the US to support both PHEVs and 
BEVs suggests that installation of 3.4 DCFC stations for every 1,000 BEVs, and 40 commercial 
Level 2 stations for every 1,000 plug-in EVs (including both BEVs and PHEVs), would provide 
sufficient coverage. The primary scenario studied in NREL (2017) assumes these DCFC 
chargers would be rated for 150 kW. These benchmarks are based on a detailed geospatial 
model of charging infrastructure relative to current road networks and the locations of cities and 
towns, as well as driving range for currently available models of PHEVs and BEVs. The NREL 
report also uses multiple simulations of millions of miles of real-world daily driving schedules 
sourced from large public and commercial travel data sets, and assumes that BEVs are 
concentrated in cities whereas residents outside cities primarily own PHEVs.  



As noted above, the HES also assumes significant deployment of FCEVs: 5 million by 2050. 
The HES documentation does acknowledge that FCEVs are a “reach technology.” FCEVs are 
advantageous in many cases because they permit refueling in a matter of minutes, similar to 
gasoline-powered engines. However, there are very few hydrogen fueling stations in the US: in 
November 2021, a total of 48 retail stations available nationwide (albeit with more under 
construction), mostly in California (AFDC 2021). Accordingly, very little data is available to 
project the cost of constructing new fueling stations. From 2009 to 2020, $125 million has been 
invested through the CEC’s Clean Transportation Program to install or upgrade 62 publicly 
available hydrogen stations capable of LDV fueling (CEC 2020). Presumably the implied 
average cost of about $2 million per station will decline as more stations are built out, due to 
technological learning and economies of scale, but how much and how fast is exceedingly 
difficult to predict. 



To provide a representative cost estimate for FCEV refueling infrastructure, ERM assumed that 
FCEV refueling costs would be comparable to the high end of currently available DCFC 
charging infrastructure. The industry survey conducted by RMI (2020) found that the capital cost 
for a 350 kW DCFC charger (which could provide a full charge for a 100 kWh battery pack in 
about 17 minutes) ranged up to $150,000 (2019 dollars). Using this estimate as a proxy for 
FCEV refueling infrastructure essentially implies that if the FCEV technology is not widely 
available and supported by 2050, drivers would instead use the fastest (currently) available 
charging technology instead, and that the costs for EVSE would be comparable to current costs. 
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In practice, (i) higher-speed electric chargers may be available by 2050, (ii) they would likely be 
more expensive than 350 kW chargers (comparing both technologies circa 2050), and (iii) costs 
for all levels of EV chargers will likely decline between now and 2050 due to economies of 
scale, experience and technological learning-by-doing, and market competition. 



To provide for a conservative analysis, ERM did not assume further cost declines for charging 
stations, although sources such as RMI (2020) note that it is likely that the cost of charging 
station hardware will continue to decline even without any special intervention or regulatory 
guidance. This is because the EV charging industry is still in its relative infancy, and 
manufacturers are learning how to refine production processes. Indeed, RMI (2020) shows that 
the average hardware cost for a 7.7 kW level 2 charger has fallen steadily, from about $1,200 in 
2010 to about $400 in 2019, in 2019 dollars; see Figure 2-6 



Figure 2-6: Experience Curve for Level 2 EV Charger  



 
Source: RMI (2020), Exhibit 3. 



Table 2-4 provides a summary of EV charging station capital costs, based on the number of 
chargers needed to support the EV projections assumed in E3-Decarb. The table accounts for 
residential and non-residential chargers. To estimate costs for residential chargers, ERM 
assumed three-quarters of the projected 18 million households in California would install 
residential Level 2 charging capability and the remainder would not install special charging 
devices (either because they do not own an EV or because Level 1 charging is sufficient for 
their needs). The number of commercial Level 2 chargers and DCFC chargers is based on the 
factors from NREL (2017) documented above.  



Table 2-4: EV Charging Station Capital Costs 



Charging Station 
Type 



Number of Stations Unit Capital Cost 
(2019 $) 



Total Capital Cost  
(2019 $ millions) 



Level 1 4,500,000 0 0 



Level 2 (residential) 13,500,000 $802 $10,824 
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Level 2 (commercial) 1,400,000 $5,550 $7,770 



DCFC (150 kW) 64,600 $131,700 $8,508 



DCFC (350 kW) 17,000 $225,000 $3,825 



Total   $30,926 



Notes: Unit capital costs are the midpoints of the corresponding component costs in Table 2-3, other 
than for the 350 kW DCFC charger, which uses the high end of the range as explained in the text. 
Component costs are then multiplied by a factor of 1.5 to account for balance-of-system and 
installation costs (based on RMI, 2020).  



 
The $30.9 billion total capital cost equates to an annual cost of $2.0 billion assuming a 5 percent 
cost of capital and a 30 year repayment period. The costs shown do not include any required 
upgrades to utility system distribution infrastructure. These are documented in the following 
section.  



2.3.6 Costs for Grid Upgrades 
A long-run historical analysis of transmission and distribution (T&D) system costs in the US, 
based on publicly available data since 1960, suggests that increased use of electricity, by itself, 
need not lead to higher T&D system costs on a per-kWh basis (Fares and King 2017). This 
analysis found that average annual transmission, distribution, and administration (TD&A) costs 
were roughly $700 to $800 per customer per year from 1960-2014, with temporary exceptions 
during periods of major build-out of new T&D infrastructure in the late 1960s and early 1970s, 
and again in the 2010s (the latter driven mostly by transmission investments). The TD&A cost 
per kWh declined rapidly between 1960 and 1980 – evidently due to increasing energy 
consumption, rather than decreasing service costs – but was approximately constant, staying 
within a range of 2.5 to 3.5 cents per kWh, from 1980 to 2014 (Fares and King 2017). This is 
true even though average electricity consumption in the US rose about 35 percent during the 
same period (OECD/IEA 2014).  



The widespread adoption of EVs, in particular, will require a significant increase in the capacity 
of the transmission and distribution (T&D) system to manage high charging demand in certain 
locations and time periods. The same DCFC stations that enable rapid charging for BEVs also, 
of course, draw substantial amounts of power from the grid very rapidly. For instance, 1,000 
BEVs charging simultaneously overnight with a Level 2 charger rated at 12 kW (sufficient to fully 
charge a 100 kWh battery in about 8 hours) would demand 12 MW of grid capacity. However, if 
just 20 percent of those BEVs were charged simultaneously with 150 kW DCFC chargers 
(sufficient to replenish a 100 kWh battery in 40 minutes), this would demand 30 MW of grid 
capacity. That is the same amount of capacity demanded by roughly 5,000 homes at their peak 
capacity needs.  



Utilities must invest in new and upgraded T&D assets – especially on the distribution side – to 
ensure the grid can handle this demand. To quantify the costs of these investments, BCG 
(2019) modeled six representative utilities with a given initial system capacity, electricity system 
sales, and wholesale prices, and found that on average, a utility would need to invest between 
$1,700 and $5,800 per EV (2019 dollars). The actual cost depends on a number of factors 
specific to an individual utility – including the physical layout of the grid, the density of areas that 
would require enhanced capacity for fast charging, and the age and status of current equipment. 
The cost also depends on customers’ charging patterns, which in turn are driven partially by 
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policy (e.g., the application of time-of-use pricing or other incentives to temporally align demand 
and supply).  



Using the midpoint of the BCG estimate (i.e., $3,750 per EV) and applying this factor to 35 
million EVs by 2050 leads to a total capital cost requirement of $131 billion for T&D system 
upgrades. This annualizes to $8.5 billion per year assuming a 5 percent cost of capital and a 30-
year repayment period.  



It is worth noting that the BCG report focused on a low penetration rate of EVs in comparison to 
the HES (BCG’s primary scenarios place EV penetration at 10 to 20 percent of total LDV stock 
while the HES assumes EV comprise 96 percent of the LDV stock in 2050). However, BCG 
provides some quantitative prediction of rate impacts for higher levels of EV penetration, 
ranging up to 50 percent. The per-kWh cost that corresponds to our $13.9 billion per year 
estimate, based on 2050 electricity consumption (2.7 cents, see Table 2-2), is within the range 
that BCG identified for a higher level of EV penetration. For instance, BCG found that at 50 
percent EV penetration, the impact on rates is between 0.25 and 4.75 cents per kWh, 
depending on how much utilities can optimize charging to temporally align demand and supply. 



2.3.7 Frequency Regulation 
Power grids designed around conventional thermal and hydropower rotating generators 
possess abundant inertia, which gives these generators the tendency to remain rotating (Figure 
2-7). This stored energy can be especially valuable when a large power plant fails or a large 
transmission node goes offline, as the inertia can temporarily make up for the power lost from 
the failed generator or transmission node. This temporary response, which typically lasts for a 
few seconds, is often sufficient to allow for the operation of mechanical switches that then 
trigger demand response – from customer loads that are specifically contracted and 
compensated for the demand response services they provide – so as to rebalance demand and 
supply on the grid.  



Figure 2-7: Synchronous Generators Working Together in an Electrical Grid 



 
Source: NREL (2020), Figure 1. 
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Increasing penetration of inverter-based resources, including solar PV, battery storage, and 
wind, reduces the inertia available on the grid.13 It is well understood that this decrease in inertia 
can result in the need to compensate in other ways: in the absence of demand response, the 
loss of a significant generation source or transmission node would result in a significant drop off 
in the frequency of the alternating current waveform, below 60 Hz, which in turn could result in 
disruptions to grid reliability, serious damage to end-use equipment and infrastructure, and 
damage to other generators (NREL 2020).  



The RESOLVE model does not incorporate the costs that may arise from this decreased inertia 
in the power grid as energy sources move from those with demand response to inverter-based 
resources under the HES, nor is this issue addressed in the CEC or E3 reports. Technologies 
exist that allow wind and solar resources to provide “fast frequency response” or inverter-based 
frequency regulation, but costs for these novel technologies have not been simulated or 
analyzed thoroughly (Denholm et al. 2021, NREL 2020).  



As an alternative, we document the costs of providing synchronous condensers (also called 
synchronous compensators), which represent the upper-bound cost for frequency regulation. 
These are essentially synchronous generators that lack a prime mover to provide active power, 
meaning that they can provide all the ancillary services of conventional generators except those 
requiring active power. Synchronous condensers have been installed recently to provide these 
services in California, Germany, Denmark, Norway, Brazil, and New Zealand (Brown et al. 
2018). In detailed system simulations (i.e., much more temporally detailed than RESOLVE), 
they have also been shown to substantially improve stability during severe fault events in a 
study of high renewable penetration in the US Western Interconnection (Miller et al. 2015).  



Brown et al. (2018) report a range of cost estimates for synchronous condensers in the 
literature. Using the highest of these, and assuming installation of a synchronous condenser of 
similar capacity as was used in Miller et al. (2015) to provide frequency stability in the event of a 
major fault on the Western Interconnection, results in a total annual cost (including annualized 
capital and O&M) of about $6 million.14 



2.3.8 SL4 Siting Protections 
As noted in E3-TNC, and also summarized in Section 4 of this report, the amount of available 
and selected wind capacity decreases with higher levels of environmental protection, which are 
operationalized in E3-TNC in the concept of “Siting Levels” (SLs). Higher SLs, which imply the 
exclusion of certain land types from consideration for siting new generation assets, result in 
greater needs for battery storage as well as higher costs and higher revenue requirements. 
Specifically, SL4 protections – the highest level of protection – would add an additional $16 



                                                      
13. Wind turbines are also rotating generators, but utility-scale wind generation typically uses inverters 



and produces direct current because this enhances generation efficiency. Thus, wind is considered an 
inverter-based resource that does not provide inertia. 



14. Brown et al. (2018) reports the high end of capital costs in the literature is 100 euros per thousand 
volt-amperes of reactive power (kVAr), with fixed O&M costs of 3.5 euro per kVAr per year. Converting 
to 2019 US dollars and annualizing the capital costs over a 30-year useful life (Brown et al., 2018) at a 
5% cost of capital yields an annual cost of $12 per kVAr (2019 dollars). Miller et al. (2015) models the 
installation of a 500 MVAr-capacity synchronous condenser in the Western Interconnection. This 
implies an annual cost, including capital and fixed O&M, of $6 million to build and maintain this 
magnitude of condenser. 
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billion (2016 dollars) to the annual revenue requirement in 2050 (E3-TNC, pp. 28-29). This 
corresponds to a cost of $17 billion in year 2019 dollars. 



2.3.9 Wildfire Adaptation Costs 
California’s electric utilities must spend billions of dollars to fund grid upgrades to reduce the risk 
of wildfires evidently caused in part by the proximity of trees and other vegetation to 
transmission and distribution lines (and in part by more intense wildfire seasons that are 
exacerbated by climate change). CEC required the state’s largest electric utilities to file wildfire 
mitigation plans and associated rate increases for regulatory approval. The RESOLVE model 
does not include wildfire adaptation costs in the revenue requirement estimates. CEC projects 
an additional $20.0 billion per year in revenue requirements for electric utilities to fund wildfire 
prevention initiatives (E3-GasFut). This cost appears to be in 2018 dollars; adjusting to 2019 
dollars yields an estimate of $20.4 billion. It is worth noting that these costs are not attributable 
to the HES, and would occur regardless of HES implementation.  



2.3.10 Behavioral Assumptions: Reduced Vehicle Miles Traveled 
As noted in Section 1, the HES assumes that by 2030, per-capita VMT in light-duty vehicles will 
decline by 12 percent relative to 2015, and by 2050, VMT will decline by 24 percent relative to 
2015. To provide some insight into whether the anticipated declines in VMT are realistic, Table 
2-5 provides a trend analysis in statewide per capita VMT since 2010. The per capita VMT data 
are from the Federal Highway Administration Traffic Volume Trends, a monthly report based on 
hourly traffic count data reported by California and other states (FHWA, 2021). The analysis 
demonstrates that VMT per capita reached a relative peak in 2015 (it was about the same in 
2016 and slightly lower in 2017-2019, before dropping dramatically in 2020 and 2021 due to 
COVID-19). However, the decline anticipated for 2030 and especially for 2050 would require a 
significant change in behavior. E3-Decarb notes that ambitious smart growth strategies are 
necessary, particularly for meeting the 2030 GHG goals when fossil-fueled transportation still 
represents the largest share of statewide GHG emissions (E3-Decarb, p. 66). At the same time, 
the limited time available between now and 2030 leaves little time for smart growth strategies to 
be implemented and thus have a substantial effect on VMT.   



Table 2-5: Historical and Projected VMT 



Year Estimated VMT 
(millions) 



Population VMT per Capita Percent Change 
Relative to 2015 



2010 346,014 37,253,956 9,288 -5.9% 



2011 345,846 37,561,624 9,207 -6.7% 



2012 337,536 37,924,661 8,900 -9.8% 



2013 347,982 38,269,864 9,093 -7.9% 



2014 353,478 38,556,731 9,168 -7.1% 



2015 383,568 38,865,532 9,869 0.0% 



2016 386,838 39,103,587 9,893 0.2% 



2017 381,228 39,352,398 9,688 -1.8% 



2018 379,404 39,519,535 9,600 -2.7% 
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2019 378,690 39,605,361 9,562 -3.1% 



2020 324,954 39,648,938 8,196 -17.0% 



2021 362,844 39,466,855 9,194 -6.8% 



2030 (HES)    8,685 -12.0% 



2050 (HES)   7,501 -24.0% 



Sources: FHWA (2021), California Department of Finance (2020), E3-Decarb, and calculations by the 
authors. VMT is taken as the average of June and December, multiplied by twelve to estimate an 
annual value. 



 



If the VMT reductions assumed in the HES are not realized, and per-capita VMT in 2050 is 
comparable to that in 2015 (i.e., about 9,869 miles per capita rather than 7,501), the service 
load would be approximately 31.3 TWh higher in 2050 than is indicated in the HES (i.e., about 
6.1 percent higher than the 2050 service load of 512 TWh in 2050). This is based on the 
forecasted population of 44 million people in 2050 (California Department of Finance, 2020) and 
an assumed efficiency of 30 kWh per 100 miles traveled (current light-duty EVs range from 
about 24 to 44 kWh per 100 miles, depending on vehicle weight and model).  



The higher demand would not likely lead to a measurable increase in electricity rates, since the 
higher cost and revenue requirement would be accompanied by an increase in demand, and 
thus spread out over the greater load. However, the increase in load of about 6.1 percent would 
require a corresponding increase in land required to build solar and wind generation assets, 
since presumably the higher load would be supplied by renewable sources. 



So-called “smart growth” policies can also increase housing costs, because housing in these 
areas is typically in urban in-fill locations that are also close to employment, commercial centers, 
and public transit. Both land and building costs in these areas are higher in such in-fill areas, 
compared to outlying areas. This would imply that to meet or maintain affordable housing goals, 
smart growth policies that are implemented as part of the HES would need to be accompanied 
by subsidies that would allow lower-income households to rent or purchase homes in in-fill 
areas. Such subsidies would effectively increase the cost of implementing the HES. 



At the same time, research suggests that programs oriented around affordable housing should 
also consider the combined cost of housing and transportation. Hamidi et al. (2016) note that 
while the vast majority of guidelines, policies, and analysis of affordable housing focuses on the 
costs of housing alone, a more accurate metric would consider housing and transportation 
together – considering that while housing is typically a household’s largest single expense, 
transportation is typically the second-largest. Empirical analysis demonstrates a clear tradeoff 
between the housing and transportation expenses of families with one or more working 
members: Families that spend more than half of their total household expenditures on housing 
put 7.5 percent of their budget toward transportation. By contrast, families that spend 30 percent 
or less of their total budget on housing spend nearly one quarter of their budget on 
transportation – three times as much as those in less affordable housing (Hamidi et al. 2016, 
Lipman 2006). 



A nationwide analysis of over 4,000 transit station areas across 39 regions in the United States 
found that housing costs were indeed higher in areas that met minimum thresholds for 
walkability and housing density (“transit-oriented development”), compared to areas that did not. 
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However, for families with at least one working member, the analysis found that combined 
average transportation and housing costs were lower in the transit-oriented development areas 
(Renne et al. 2016). This suggests that the smart-growth policies assumed in the HES would 
indeed increase housing costs, but may lead to lower combined housing and transportation 
costs, all else equal. The implication for the estimated cost of the HES is unclear. If affordable 
housing policies continue to focus on housing costs alone, then implementing the HES with its 
assumed smart-growth policies would likely require additional housing subsidies to ensure there 
is sufficient affordable housing within in-fill development areas. If affordable housing policies 
take into account the combined costs of transportation and housing, then the HES 
implementation may not incur additional incremental costs to accommodate its smart growth 
objectives.  



2.4 Utility Rate and Bill Impacts 



The foregoing analysis clarifies some of the known and lesser-known cost-contributing factors in 
the HES, which in turn result in potential underestimation of retail electricity costs in RESOLVE. 
This section addresses how these additional cost drivers would affect customer rates and bills.   



In 2019, California had the seventh highest residential electric rates in the United States at 19.2 
cents per kilowatt-hour. This is 48 percent higher than the national average of 13.01 cents per 
kilowatt-hour (EIA 2019a). California’s large, diverse geography drives higher than average 
maintenance, generation, transmission, and distribution costs. Rate design also contributes to 
high retail rates, as approximately 70 percent of volumetric rates recover fixed costs of 
operations that remain the same regardless of customer use. Fixed costs also include the high 
cost of subsidies to fund programs for energy efficiency, rooftop solar adoption, and low-income 
rate relief programs. Pacific Gas and Electric rates are currently 80 percent higher than the 
national average, Southern California Edison rates are 45 percent higher, and San Diego Gas 
and Electric rates are double the national average (Borenstein 2021). 



Nevertheless, retail rates – including both residential and commercial rates – would increase 
further under the HES. Based on the total resource cost including our analysis of missing 
components (Table 2-2), and the total retail load of 512,120 GWh in 2050, the retail rate in 2050 
would be 43.3 cents per kWh for a 2x OBA, and 50.1 cents per kWh for a 3x OBA. Since cross-
class subsidies in California (like many other places) favor commercial users, residential retail 
rates would be even higher.  



2.4.1 Commercial and Residential Rates 
Neither RESOLVE nor the E3 published reports distinguish rates by customer class (i.e., 
residential versus commercial) in the way that would be needed to estimate distinct residential 
and commercial rates. However, the sales and rate data can be decomposed using additional 
data from the U.S. Energy Information Administration (EIA). EIA (2019) provides electricity sales 
and rates for California (and other states) by customer class. Table 2-6 presents imputed rates 
for commercial and residential customers using the ratios of residential and commercial user 
base and cross-class rate subsidies from the 2019 EIA data for California. 
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Table 2-6: Class Components of Retail Sales and Electric Rates 



Item Residential Commercial 



Number of customers (2019) 13,707,126 1,718,601 



Average consumption (kWh), 2019 6,384 66,492 



Total consumption by customer class (GWh), 2019 87,506 114,273 



Percent of consumption (residential and commercial 
classes only) 



43.4% 56.6% 



Percent of consumption (all users)1 35.1% 45.8% 



Average rate in 2019, cents per kWh 19.2 16.7 



Imputed rate under total resource cost reported in HES2 28.8 25.0 



Imputed rate under 2x OBA, cents per kWh 46.7 40.6 



Imputed rate under 3x OBA, cents per kWh 54.1 47.1 



Sources: EIA (2019) and calculations by the authors. All costs are in year 2019 dollars.  
(1) EIA (2019) reports the total consumption in 2019 in California was 249,588 GWh; retail sales (i.e., 



residential and commercial) was 201,780 GWh.  
(2) The “Imputed rate under total resource cost reported in HES” refers to the HES total resource costs 



identified in the top two rows of Table 2-2. 
 



It is worth noting, again, that the increase in costs is not entirely attributable to the HES; for 
instance, utilities would incur wildfire adaptation costs regardless of the HES implementation. 
Also, some of the changes represented by the HES are already codified in existing policy and/or 
envisioned in existing initiatives. However, as the table shows, with full implementation of 
the HES, the residential rate stands to increase by up to 143 percent compared to 2019 
under a 2x optimism bias adjustment, and up to 182 percent under a 3x optimism bias 
adjustment. 



2.4.2 Residential and Commercial Electric Bills 
The increase in sales from 249,588 GWh in 2019 (EIA 2019a) to 512,120 GWh in 2050 (E3-
Calpine, Table 32) is largely driven by increases in average use as current electric customers 
use more electricity to power new electric appliances. Increased retail sales are also driven by 
new customers, which can be attributed to growth in the number of households. CEC’s energy 
demand forecast for 2018-2030 forecasts customer growth using a projected 0.94 percent 
annual growth in the number of households (Kavalec 2018).15 Customer numbers are 
extrapolated from 2019 EIA customer number data to determine the expected number of 
customers in 2020 and 2050. Average annual use is then estimated by dividing forecasted HES 
residential and commercial sales by the projected number of customers. This estimated average 



                                                      
15. This growth rate assumption is slightly higher than projections from the California Department of 



Finance (2021). Based on the data in that source, the number of households in California is projected 
to grow by 0.80% per year from 2020 to 2030. If the number of households were to grow at this lower 
rate it would imply that fixed costs would be spread over a smaller number of households in future 
years, which would translate into higher rates, all else equal – but the projected service load would 
also be lower, as would the costs for elements like replacement of end-user equipment.  





http://www.erm.com/








 



 
www.erm.com                                       Page 39 



FINAL ASSESSMENT REPORT - POTENTIAL IMPACTS OF 
CALIFORNIA’S HIGH ELECTRIFICTION SCENARIO 



ENERGY COST ANALYSIS 



annual kWh use is multiplied by the forecasted rate to estimate average annual bills. Table 2-7 
presents the results of this analysis. 



Table 2-7: Bill Impacts of HES by Customer Class, 2050 



Item Residential 
(2019) 



Residential 
(2050) 



Commercial 
(2019) 



Commercial 
(2050) 



Total sales (by class), GWh1 87,506 179,550 114,273 234,472 



Number of customers2 13,707,126 18,319,293 1,718,601 2,296,875 



Average annual consumption, kWh 6,384 9,801 66,492 102,083 



Rate per kWh, cents (year 2019 $)3 19.2 50.4 16.7 43.9 



Annual bill $1,226 $4,941 $11,104 $44,764 



(1) Assumes that residential and commercial use each constitute the same proportion of total use in 
2050 as in 2019.  



(2) Number of both residential and commercial customers in 2050 is projected based on the annual 
figure provided in Kavalec (2018). 



(3) Uses the midpoint of the 2x and 3x optimism bias adjustment cases from Table 2-6. 
 
As the table demonstrates, although the estimated increase in rates per kWh is 163 
percent, the resulting change in bills is about 303 percent. This arises from 54 percent 
higher average annual use from 2019 to 2050. This, in turn, is caused by higher adoption rates 
of electric heat pumps, electric water heaters, electric cooking, and electric vehicles.  



Aggregate residential bills are projected to be $90.5 billion in 2050, compared to $16.8 
billion in 2019; aggregate commercial bills would be $102.8 billion in 2050, compared to 
$19.1 billion in 2019. It is worth noting that a portion of the higher expenditures on electricity 
bills would be offset by lower expenditures on other forms of energy, such as gas for heating 
and cooking, and motor vehicle fuel. 



2.4.3 Residential Gas Customers 
Approximately 80 percent of California homes, representing 11.2 million residential customers, 
connect to the natural gas system (E3-GasFut, EIA 2021). If implemented, the HES will result in 
lower demand for natural gas due to the installation of electric heat pumps and water heaters in 
new construction, as well as declining (and eventually eliminated) sales of gas appliances to 
replace gas-powered appliances that reach the end of their useful life. Declining natural gas 
demand will place upward pressures on gas rates and bills, since the capital cost of gas 
transmission and distribution infrastructure will be spread over a smaller quantity of customers. 
Higher gas rates will, in turn, cause more customers to choose electricity over gas – 
independent of the above-mentioned policy changes – which will cause a spiraling effect that 
leaves even fewer customers to pay for fixed system costs (E3-GasFut).   



Pacific Gas and Electric and Southern California Gas together service approximately 94 percent 
of gas demand in California. The gas utility revenue requirement for these two utilities was $7 
billion in 2019 to operate, maintain, and invest in over 165,000 miles of transmission, 
distribution, and underground storage assets (E3-GasFut). The gas system infrastructure serves 
building heat loads, electric generation, some industrial facilities, and residential and 
commercial retail customers. By design, the system infrastructure is sized for more demand 
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than it serves because utilities strategically build infrastructure in advance of forecasted growth. 
For example, infrastructure is in place to serve the demands of 13 million residential gas 
customers but there are only 11.2 million current residential customers using the gas system. 
However, residential rates are designed to recover the costs incurred to serve current and future 
customers, which in this case is 13 million.  



Under the HES, the system will not need to be expanded but the state still needs the 
infrastructure for use during the transition period to continue to provide service for remaining 
gas customers along with thermal power plants that use natural gas as a fuel. The cost of 
maintaining the existing gas system during and after this transition period will be borne by 
remaining customers. The CEC estimates gas utility revenue requirements will increase to 
$12.2 billion in 2050 assuming historical safety, operation, and maintenance investment levels 
continue (E3-GasFut). At the same time, CEC estimates that the number of residential gas 
customers will fall from 11.2 million to two million by 2050 under the HES, which assumes that 
no new gas appliances are sold after 2040.  



The erosion of residential customers means that the fixed costs of gas infrastructure will be 
spread over a smaller customer base. Though this customer base will still include industrial 
customers (either combusting gas for heat, or using gas as a feedstock for other products) and 
some thermal power plants that remain online and combust gas to generate electricity, 
residential customers have historically borne the highest rates, essentially cross-subsidizing 
industrial and commercial users. Assuming that this pattern continues, the residential customers 
who remain will have to pay a larger portion of the fixed costs of the gas system (which will 
eventually become a set of stranded assets). As a result, CEC estimates residential gas 
rates will increase 80 percent by 2030 and 480 percent by 2050 (E3-GasFut). Average 
annual residential gas bills were $750 in 2020 (Statista 2021). The projections from CEC 
(E3-GasFut) suggest this would increase to $4,351 in 2050, under the HES.  
Table 2-8 provides a summary of the implications for residential customers who switch to 
electric appliances and those who remain on gas. According to the analysis, both types of 
customers would see a substantial increase in combined gas and electric bills, amounting to a 
150 percent increase for all-electric customers and a 327 percent increase for those who remain 
on gas.  



Table 2-8: Gas and Electric Bill Impacts of HES, for Residential Customers 
Item 



Bill in 2019 



All-Electric Customers 
in 2050 



Customers Remaining 
on Gas in 2050 



Bill in 2050 



Percent 
change vs 



2019 Bill in 2050 



Percent 
change vs 



2019 
Average annual gas bill $750 $0 -100% $4,351 480% 
Average annual electric bill $1,226 $4,941 303% $4,080 233% 
Combined gas and electric bill $1,976 $4,941 150% $8,431 327% 



Sources: Statista (2021), EIA (2019), E3-GasFut, and calculations by the authors. Residential electricity 
rates are based on the midpoint of the 2x and 3x optimism bias adjustment cases (as in Table 2-6). 
Assumes that for customers who remain on gas, the increment of annual electricity consumption in 2050 
versus 2019 is half that for those who switch to all-electric. 
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It is worth noting, however, that motor vehicle fuel purchases would be reduced substantially for 
households that purchase BEVs or FCEVs (although not PHEVs). For instance, based on per-
capita VMT in 2019 (9,562 miles according to FHWA, 2021) and the number of people per 
household (2.97 in 2015 according to California Department of Finance (2020), and assumed 
fuel economy of 25 mpg, per-household gasoline consumption was about 1,136 gallons in 
2019.16 If gasoline costs $4.50 per gallon, this represents an annual expenditure of $5,112. 
Households that switch to BEVs or FCEVs would replace this expenditure with spending on 
electricity instead (as reflected in the annual average electricity consumption, and bill, in 2050). 
In this scenario, the combined cost for residential gas and electric bills plus gasoline is $7,087 in 
2019 ($5,112 + $1,976). Those who switch to all-electric residential appliances would see a 30 
percent decrease for combined gas, electric, and gasoline expenditures (from $7,087 to 
$4,941). Those who remain on gas would see a 19 percent increase (from $7,087 to $8,431). 
These comparisons are only representative since, in practice, many households would continue 
to purchase gasoline to fuel the 11 million PHEVs that the HES assumes are still in the LDV 
fleet as of 2050. However, they provide a potentially useful point of comparison. 



2.5 Costs and Adoption Rates of New End-User Equipment 



The HES projects adoption rates of new residential electric water heaters and furnaces along 
with electric vehicles. The pace at which consumers purchase new electric equipment or swap 
out gas equipment that has reached the end of its useful life drives the HES retail sales 
projections. While the HES assumes no early retirements of functional equipment, E3-Decarb 
notes that this will hold only if policies support aggressive market development, especially for 
electric heat pumps. For instance, E3-Decarb notes that in the HES, “new heat pump sales 
must represent no less than approximately 50 percent of new sales of HVAC and water heating 
equipment by 2030” (see Figure 2-8). 



Figure 2-8: Percent of New Sales in HES for Residential Space Heating and Water 
Heating, by Technology Type 



 
Source: E3-Decarb, Figure 8. 



In addition to these assumptions about electric water heaters and electric heat pumps for space 
heating, the HES’s assumptions also imply that gas stoves would no longer be available for 
residential or commercial cooking. The following sections provide an analysis of the capital 



                                                      
16 .This implies a total statewide household gasoline consumption of about 15 billion gallons in 2019, 



which is consistent with data from the Energy Information Administration (EIA, 2019c).  
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costs required to replace equipment used for space heating, water heating, and cooking, as well 
as the incremental capital costs for electric vehicles.  



The analysis is conservative in the sense that it focuses on incremental capital costs for 
comparable electric appliances (compared to gas appliances). That is, it assumes there are no 
early retirements of functional equipment, so the incremental capital cost for a given unit is 
simply the difference between the upfront cost for an electric unit and that for a comparable gas 
unit. Even under this conservative assumption, as the sections below demonstrate, the 
incremental costs to residential and commercial consumers would be substantial. 



2.5.1 Space Heating 
Electric heat pumps cost more upfront than comparable gas heating units, resulting in 
incremental equipment costs to consumers. E3-Decarb provides a range of costs for gas 
furnaces and radiators (in year 2012 dollars) between $2,500/unit (reference gas furnace) and 
$4,000/unit (high-efficiency gas radiator) and notes that a high-efficiency electric heat pump 
costs $4,500/unit. Taking a simple average of the gas furnace and radiator costs, across both 
high-efficiency and reference types, and converted to year 2019 dollars, produces a cost of 
$3,828. This is $1,183 less than the cost for an electric heat pump (when converted to 2019 
dollars).  



The analysis above does not account for equipment replacement costs at the end of useful life. 
E3-Decarb (Appendix B) notes that the expected useful life of electric heat pumps and gas 
furnaces is the same (18 years), but of gas radiators is larger (25 years). All else equal, this 
would lead to slightly higher costs for electric heat pumps (than shown in this comparison) if the 
alternative is a gas radiator. On the other hand, it also does not account for the fact that electric 
heat pumps can substitute for air conditioning units (since they can also be run in cooling mode, 
unlike furnaces and radiators). In households with air conditioning units, this would lead to lower 
relative costs for all-electric space conditioning than what is shown here, all else equal, since 
households that previously had gas space heating and air conditioners, upon converting to 
electric heat pumps, would no longer need to replace the air conditioner at the end of its useful 
life.  



The number of homes and businesses that must install electric heat pumps to replace retired 
gas space heating equipment, by 2050, is a function of the number of customers heating with 
electricity and gas in 2019, and the number anticipated to stay on gas in 2050. As Table 2-9 
shows, currently 25 percent of households in California heat with electricity, and 67 percent with 
gas (comparable statistics are not available for commercial entities, but ERM assumed a similar 
percentage). The HES assumes 2 million households would remain gas customers (E3-
GasFut). Factoring in projected annual growth in the number of households (see Section 2.4.2), 
there would be 18.3 million households in California in 2050, resulting in just over 16 million 
expected electric heat customers in 2050 under the HES. 



Since 25 percent of California households heat with electricity—approximately 3.5 million 
customers (EIA 2019b, EIA 2021)—the incremental electric heating users expected in 2050 is 
about 12.9 million customers (Table 2-9). Assuming that upfront costs for electric and gas 
heating units are the same in the future as they are today, the total cost to replace all gas 
heating with electric amounts to about $15.2 billion. Similar calculations for commercial space 
heating suggest an estimated additional $2.2 billion in replacement costs. 
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Table 2-9: Incremental Capital Cost for Electric Space Heating 



Item Residential Commercial 



Number of electricity customers, 2019 13,707,126 1,718,601 



Number of electricity customers, 2050 18,319,293 2,296,875 



Percent of customers heating with electricity 25% 25% 



Percent of customers heating with gas  67% 67% 



Number of customers heating with electricity, 2019 3,426,782 429,650 



Number of customers heating with gas, 2019 9,183,774 1,151,463 



Number of customers heating with electricity, 2050 16,319,293 2,296,875 



Number of customers heating with gas, 2050 2,000,000 0 



Number of new electric heating units needed (2019-2050) 12,892,512 1,867,225 



Average capital cost for gas heating unit $3,828 $3,828 



Average capital cost for electric heat pump $5,011 $5,011 



Incremental capital cost for electric heating $1,183 $1,183 



Total cost ($ million) $15,253 $2,209 



Sources: EIA (2018), EIA (2019b), EIA (2021), Kavalec (2018), E3-Decarb, and calculations by the 
authors. All costs are in year 2019 dollars. Proportion of commercial customers heating with electricity 
and gas is assumed to be same as in EIA (2018); ERM also assumed no commercial customers would 
heat with gas in 2050, and assumed a comparable differential in capital cost for electric heating for 
commercial users as for residential users.  



 



2.5.2 Water Heating 
Like space heating equipment, electric water heaters also cost more upfront than comparable 
gas water heaters. E3-Decarb estimates that gas water heaters cost $920/unit (year 2012 
dollars) and electric $2,630 with a cost differential in 2019 dollars of $1,904.  



As for space heating, the analysis here does not account for equipment replacement costs at 
the end of useful life. E3-Decarb (Appendix B) states that the expected useful life of electric 
water heaters is 16 years for residential settings and 14 years for commercial water heaters, 
compared to 9 years for gas water heaters (residential settings) and 12 years for commercial 
gas water heaters. All else equal, this would imply slightly lower costs for electric water heaters 
than shown in this comparison.  



The number of homes and businesses that must install electric heat pumps to replace retired 
gas space heating equipment, by 2050, is a function of the number of customers heating with 
electricity and gas in 2019, and the number anticipated to stay on gas in 2050. Table 2-10 
provides a set of calculations to estimate the number of residential and commercial water heater 
units that would need to be replaced between 2019 and 2050. According to the EIA’s 
Residential Energy Consumption Survey (EIA 2018), currently 32 percent of households in the 
Pacific West region (which is the closest geographic unit to California) heat water with electric 
water heaters, and 64 percent with gas (comparable statistics are not available for commercial 
entities, but ERM assumed the percentage is about the same).  
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Factoring in projected annual growth in the number of households (see Section 2.4.2), there 
would be 18.3 million households in California in 2050. ERM assumed that the 2 million 
households who would remain gas customers in 2050 (E3-GasFut) would use gas water 
heaters. This implies about 11.9 million new electric water heaters would need to be installed by 
2050 under the HES.  



Assuming that upfront costs for electric and gas heating units are the same in the future as they 
are today, the total cost to replace all gas water heating with electric amounts to about $22.8 
billion. Similar calculations for commercial water heating suggest an estimated additional $3.3 
billion in replacement costs. 



Table 2-10: Incremental Capital Cost for Electric Water Heating 



Item Residential Commercial 



Number of electricity customers, 2019 13,707,126 1,718,601 



Number of electricity customers, 2050 18,319,293 2,296,875 



Percent of customers heating water with electricity 32% 32% 



Percent of customers heating water with gas  64% 64% 



Number of customers heating water with electricity, 2019 4,364,839 547,264 



Number of customers heating water with gas, 2019 8,729,678 1,094,528 



Number of customers heating water with electricity, 2050 16,319,293 2,296,875 



Number of customers heating water with gas, 2050 2,000,000 0 



Number of new electric water heaters needed (2019-2050) 11,954,454 1,749,611 



Average capital cost for gas water heater $1,024 $1,024 



Average capital cost for electric water heater $2,929 $2,929 



Incremental capital cost for electric water heating $1,904 $1,904 



Total cost ($ million) $22,763 $3,331 



Sources: EIA (2018), EIA (2019d), EIA (2021), Kavalec (2018), E3-Decarb, and calculations by the 
authors. All costs are in year 2019 dollars. Proportion of commercial customers heating water with 
electricity and gas is assumed to be same as in EIA (2018); ERM also assumed no commercial 
customers would use gas water heaters in 2050, and assumed a comparable differential in capital cost 
for electric water heating for commercial users as for residential users.  



2.5.3 Cooking 
Electric stoves and ovens, particularly high-efficiency induction cooktops, cost more upfront than 
comparable gas units. E3-Decarb does not provide cost estimates for cooking equipment, but 
Mahone et al. (2019) do, for residential cookstoves. This source estimates that gas cookstoves 
cost $1,400-$2,200 (year 2012 dollars); electric resistance stoves cost $1,700-$2,100; and 
electric induction cost $1,900-$2,300. Taking the midpoint of each range, and averaging electric 
resistance and electric induction stoves, the cost differential in 2019 dollars is $223.  



As with space and water heating, the number of homes and businesses that must install electric 
cooking to replace gas equipment by 2050 depends on the number of customers using each 
technology type in 2019. Table 2-11 shows the calculations to estimate the number of 
residential and commercial water heater units that would need to be replaced between 2019 
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and 2050. According to the Residential Energy Consumption Survey (EIA 2018), currently 48 
percent of households in the Pacific West region (which is the closest geographic unit to 
California) use electricity as the primary technology for cookstoves, and 47 percent use gas. 
(Comparable statistics are not available for commercial entities, but ERM assumed that all 
commercial entities that customers operate stoves, use gas. ERM also assumed that 20 percent 
of commercial customers use stoves.)  



Applying these factors to the number of residential customers in 2019, and accounting for 
growth in the number of residential and commercial customers by 2050, yields an estimate of 
11.7 million new electric stoves to install between 2019 and 2050. This assumes that the 
households who would remain gas customers for space and water heating in 2050 (E3-GasFut) 
would nonetheless transition to electric stoves. Assuming that the cost differential in upfront 
costs for electric and gas cookstoves are the same in the future as they are in 2019, the total 
cost to install all necessary new electric cooking equipment amounts to about $2.6 billion for 
residential customers, and $51 million for commercial customers. 



Table 2-11: Incremental Capital Cost for Electric Cooking 



Item Residential Commercial 



Number of electricity customers, 2019 13,707,126 1,718,601 



Number of electricity customers, 2050 18,319,293 2,296,875 



Percent of customers cooking with electricity 48% 0% 



Percent of customers cooking with gas  47% 100% 



Number of customers cooking with electricity, 2019 6,638,042 0 



Number of customers cooking with gas, 2019 6,379,417 343,720 



Number of customers cooking with electricity, 2050 18,319,293 459,375 



Number of customers cooking with gas, 2050 0 0 



Number of new electric stoves needed (2019-2050) 11,681,251 459,375 



Average capital cost for gas stove $2,004 $2,450 



Average capital cost for electric stove $2,227 $2,561 



Incremental capital cost for electric cooking $223 $111 



Total cost ($ million) $2,601 $51 



Sources: EIA (2018), EIA (2019d), EIA (2021), Kavalec (2018), Mahone et al. (2019), and calculations 
by the authors. All costs are in year 2019 dollars. ERM assumed 20 percent of commercial customers 
operate stoves, and that 100 percent of commercial customers who operate stoves use gas. ERM also 
assumed no commercial customers would use gas stoves in 2050. For the differential in capital cost for 
electric and gas stoves, ERM used the high end of the range in Mahone et al. (2019) for gas and 
electric induction.  



 



2.5.4 Electric Vehicles 
The HES projects a significant increase in sales of EVs throughout the study period. Currently 
about 0.5 million of California’s light-duty vehicles are EVs (CEC 2021c); the HES projects a 
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total of 6 million EVs in the LDV fleet in 2030 (E3-Decarb, Table A-1) and a total of 35 million by 
2050 (E3-Decarb, Table A-2).  



As with electric heat and water heating equipment, EVs presently cost more than their gasoline 
counterparts. E3-Decarb reports a current average cost for BEV automobiles of $43,050 (year 
2016 dollars), compared to an average of $35,490 for comparable internal combustion engine 
vehicles. The difference, converted to 2019 dollars, is $8,053. E3-Decarb assumes that by 2030 
the cost differential would be zero, based on recent observed declines for electric vehicles due 
to technological improvements, but also in part on favorable policy. In particular, the assumption 
of zero cost differential by 2030 rests on the notion that the incentives presently in place to 
bridge the cost gap with conventional vehicles will remain in place until at least 2030 (Mahone et 
al. 2018).  



However, if the disparity in vehicle costs remains at the current level, the incremental cost for 
5.5 million BEVs, compared to internal combustion engine vehicles, would be $44.3 billion by 
2030 (i.e., $8,053 times 5.5 million). The incremental cost by 2050—representing 34.5 million 
EVs in addition to the 0.5 million currently on the road—could be up to $278 billion, if the current 
cost differential persists.  
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3. ECONOMIC AND EQUITY IMPACTS 



3.1 Economic Impacts 



This section reviews two significant impacts of the HES scenario on the California economy. 
The oil and gas industry, which is an important contributor to the California economy, will 
undergo a transformation, which will affect employment and tax revenues throughout the state 
and particularly in the San Joaquin Valley. In addition, current California state property tax policy 
limits the ability of counties to modify their tax base in response to changes in response to HES 
implementation. As with many aspects of the HES, the magnitude of these economic impacts is 
highly uncertain. The distributional effect, i.e., the groups that will ultimately bear the brunt of the 
impact, is also uncertain.   



The California oil and gas industry contributes to over 365,000 jobs and $21.6 billion in state 
and local taxes. (LAEDC 2019) (Table 3-1). Almost 80 percent of active oil wells are located in 
Kern County; however, half of the industry employment is in Southern California17, with an 
additional 20 percent in the San Francisco Bay area, 17 percent in the San Joaquin Valley, and 
14 percent in the rest of the state (LAEDC 2019). Average annual wages within the industry 
vary widely, ranging from $25,000 for gas stations to $334,000 for petrochemical manufacturing, 
indicating that the industry provides livelihoods for a wide-range of income groups (2017$, 
LAEDC 2019).   



The HES study assumes there will be an 86 percent decline in petroleum demand by 2050. The 
documentation for RESOLVE is ambiguous as to the baseline against which this change is 
being measured. Moreover, it is unclear how much change the industry would undergo because 
of electrification and the growth of renewable energy, independent of the HES. For this section, 
we assume the 86 percent decline is associated with the HES scenario. The impact of the 
decline will vary by industry sector, with the refinery sector sustaining the largest impacts. 
However, Mahone et al. (2018) also acknowledges that there is significant uncertainty 
surrounding how the industry will react to a long-term, structural shift.  



This section shows that the HES may result in the loss of about 179,000 jobs by 2050, which is 
more than a 50 percent decline from current levels. The impact on other economic metrics may 
be even larger: labor income could decline by $13.4 billion (57 percent), with a $34.1 billion 
decline in GDP (63 percent).18  Total state output may decrease by $100 billion (69 percent), 
decreasing state and local tax revenue by $14.2 billion. 



Table 3-1: Impact of the Oil and Gas Industry on the California Economy 2017 vs. 2050 



Annual Economic Impact  
(2017) 



  2050 



Employment (jobs) 365,970 179,000 



Labor income ($B) $26.1 $13.4 



GDP (value added) ($B) $59.3 $34.1 



Output ($B) $152.3 $100.1 



                                                      
17. Includes Imperial, Los Angeles, Orange, Riverside, San Bernardino, and San Diego counties. 
18. GDP includes labor income; these statistics are not additive. 
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State and Local Taxes ($B) $21.6 $14.219 



Source: LAEDC 2019. 



Geographically, the largest employment impacts (51 percent) are likely to occur in Southern 
California, where the midstream, downstream, and market industries are focused. The San 
Joaquin Valley has the highest dependence on the oil and gas industry for employment (2 
percent), and by 2050, the HES may reduce employment in that area by more than 7,000 jobs. 



The HES will also affect county finances. Currently, there is a state renewable energy tax 
incentive that allows land used for large-scale solar projects to be taxed at the same assessed 
value that applied before the project was built (Morgen 2021). If this incentive continues, it will 
cost California counties more than $300 million in annual property tax revenue by 2050. The 
largest impact would be $59 million in Kern County, which the HES estimates will have more 
than 400 km2 of solar development. San Joaquin Valley counties would forego about $150 
million in property tax revenue due to the HES which is almost half of the total impact to the 
state. The tax incentive is scheduled to sunset at the end of 2024. If it does, then the annual 
revenue requirements for electricity generation will increase by $300 million, further increasing 
future electricity rates throughout California.  



3.1.1 Oil and Gas Industry Impacts  



LAEDC Summary   
The Los Angeles County Economic Development Corporation (LAEDC) Institute for Applied 
Economics published a study in 2019, “Oil & Gas in California: The Industry, Its Economic 
Contribution and User Industries at Risk.” The study analyzes the economic contributions of the 
industry to the California Economy as of 2017, the most recent year for which data was 
available.20 The LAEDC study uses the economic input-output model IMPLAN to conduct the 
economic impact assessment. IMPLAN is an input-output model that uses data from the U.S. 
Bureau of Economic Analysis, Bureau of Labor Statistics, U.S. Census Bureau, and other 
sources. Private companies, governmental agencies and academic institutions regularly use 
IMPLAN to evaluate the macro-economic effects of policies, programs, and specific 
infrastructure investments. 



IMPLAN assigns each industrial or service activity (e.g., agriculture, mining, manufacturing, 
trade, services) to an economic sector. Using detailed U.S. Department of Commerce 
information, IMPLAN relates the purchases of goods and services each industry makes from 
other industries to the value of output in each industry. As such, IMPLAN describes the supply 
chain of each industry in terms of output, GDP labor income, employment levels, and state and 
local tax revenue. 



For example, when an oil & gas company expands a pipeline, it hires local labor and contractors 
and purchases components and materials from other in-state and out-of-state suppliers. Those 
suppliers have their own expenses and wages that spread the money throughout the economy. 



                                                      
19. Calculated based on the ratio of state and local taxes to output for the oil and gas industry as a whole. 



The LAEDC report does not report tax impacts for specific sectors of the industry. 
20. IMPLAN can measure the impact of a shock on the economy or the contribution of an industry to the 



economy. However, IMPLAN does not estimate the long-run response of the economy and cannot 
show the net impact after prices and industries adjust.  
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IMPLAN models these transactions throughout the economy to calculate the total economic 
impact of the industry. 



As depicted below, IMPLAN estimates three types of impacts, which are combined to estimate 
the total impact of each modeled scenario: 



1.  Direct impact – the initial change in the value of the output, employment, and labor earnings 
from the segments of the oil & gas industry, 



2.  Indirect impact – the resulting increase in the output, employment and labor earnings in the 
oil & gas industry supply chain (e.g., industrial lubricants for the oil wells); and 



3.  Induced impact (household spending) – the increase in spending by workers in the oil & 
gas industry and their supply chain (e.g., restaurants, dry cleaners, and local businesses).  



Figure 3-1: Input-Output Conceptual Model 



 



IMPLAN economic impact analysis typically reports impacts associated with five categories, 
described below:   



 Employment – A job in IMPLAN is equal to the annual average of monthly jobs in an 
industry. One job lasting 12 months equals two jobs lasting six months; each equals three 
jobs lasting four months. A job can be full time or part time. 



 Labor Income – Labor income includes all forms of employment income, such as employee 
compensation (wages and benefits) and proprietor income (payments received by self-
employed individuals and unincorporated business owners).  



 Output – The total annual value of industry production, which includes total revenue plus 
the value of inventory. 



 Gross Domestic Product (GDP) – Also known as value added this is the value of output 
less the value of intermediate consumption; it is a measure of the contribution to GDP.  
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 Taxes – The fiscal impact a project or industry has at the state and local level.  



It is important to note that IMPLAN can measure the change in the contribution of an industry to 
the economy; however, IMPLAN does not estimate the long-run response of the economy and 
cannot show the net impact after prices and industries adjust to the changes. 



LAEDC uses IMPLAN to estimate contribution that the oil and gas industry makes to the 
California economy, focusing on four main sectors of the oil and gas industry, defined below: 



 Upstream: oil and gas extraction, drilling oil and gas wells, support activities for oil and gas 
operations, oil and gas field machinery and equipment manufacturing. 



 Midstream: Oil and gas pipeline and related structures construction, petroleum and 
petroleum products merchant wholesalers, and pipeline transportation. 



 Downstream: Petroleum refineries, petroleum lubricating oil and grease manufacturing, and 
petrochemical manufacturing. 



 Market: Natural gas distribution, gasoline stations, fuel dealers. 



Table 3-2 shows the direct, indirect/induced, and total employment for each sector of the oil and 
gas industry. The downstream (refinery) industry has the smallest direct employment at 12,100 
jobs (8% of total direct) although, the total job impact is 89,000 jobs, or 24% of total employment 
because downstream industries have a 7.4 employment multiplier, which means that each direct 
job supports an additional 6.4 jobs. According to LAEDC, downstream also accounts for over 43 
percent of the industry’s contribution to GDP, $25.6 billion annually. 



Table 3-2: Distribution of Employment Impacts by Industry Segment, California 2017 



Sector Direct Jobs Indirect/Induced Jobs Total Jobs Multiplier 



Upstream 20,730 17,770 38,500 1.9 



Midstream 20,720 21,620 42,340 2.0 



Downstream 12,100 76,900 89,000 7.4 



Market 98,550 97,530 196,080 2.0 



Total 152,100 213,820 365,920 2.4 



Source: LAEDC 2019. 



Potential Impact of HES  
The HES assumes that by 2050, petroleum industry demand will be reduced by 86 percent 
(Mahone et al. 2018, p. A-4). The most pronounced impact of the HES will be on downstream 
industries, namely refinery activity,21 because the refineries primarily support California’s high 
demand, rather than supplying other states or countries (LAEDC 2019). However, this impact is 
uncertain: “It is not known how California’s refining sector will respond to a long-term, structural 
shift towards lower demand for gasoline and diesel in California from vehicle electrification. The 
sector could shift towards becoming a net-exporter of petroleum products, or it could reduce in-
state production, as modeled” (Mahone et al. 2018). 



                                                      
21. The HES focuses on the refinery sector for emissions reductions, estimating a 90 percent reduction in 



greenhouse gas emissions by 2050 (Mahone et al. 2018, p. 38).   
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The upstream sector is unlikely to be significantly affected by the HES. California oil production 
has been fairly steadily decreasing over time. Production has decreased by about 2 percent per 
year from 1985 to 2017 (LAEDC 2019); at that rate, even without the HES, production will likely 
be minimal by 2050. However, even if decline were to stop without the HES, then the HES 
impact would be modest, because upstream industries would likely continue to produce crude 
for sale to other states or countries. Similarly, the midstream industries that transport crude oil 
currently will be affected by the HES, but could remain active to the extent that transportation to 
refineries could be adjusted to provide transportation to ports. Midstream industries could also 
continue to transport refined petroleum products to other markets (i.e., Reno, Las Vegas, and 
Phoenix) (CEC 2020).  



The impact of the HES on the Market sector is highly uncertain. There are over 8,000 retail gas 
stations in California, with the vast majority also having convenience stations. Although gasoline 
sales account for about 2/3 of their revenue, with 1/3 coming from in-store purchases, the profit 
margin on gasoline sales is much lower than for in-store purchases. The extent to which the 
reduction in gasoline sales will also result in reduced in-store purchases is unclear. Moreover, 
there are other economic factors, including the pandemic, that are changing the landscape for 
gas stations, independent of the HES. Market industries would see some level of decreased 
sales due to the reduction in gasoline demand, but since gas stations also serve as 
convenience stores, they are unlikely to completely disappear as a result of the HES. 
Nationwide, a recent study by the Boston Consulting Group estimated that 25 to 80 percent of 
gas stations could be unprofitable by 203522(Boston Consulting Group, 2019), if they do not 
adequately adapt to changing market conditions, depending on the degree to which EVs are 
adopted. 



Refinery Impacts 
The data indicate that in the absence of the HES, the economic contribution of downstream 
refineries to the California economy would not change materially through 2050. First, although 
refinery capacity has fallen since 1987 by 14.1 percent, this is significantly less than the 
decrease in oil field production (56 percent since 1987) (LAEDC 2019). Second, in spite of 
some volatility, refinery capacity has not changed materially since the early 1990s (Figure 3-2). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                      
22. Is There a Future for Service Stations? (bcg.com) 
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Figure 3-2: Annual Operating Capacity in California (barrels per calendar day) 



 
Source: LAEDC 2019. 
 



Second, as California oil production has decreased, the proportion of oil supplied to refineries 
from foreign sources has increased (Figure 3-3). “In 2017, California imported 72 percent of its 
crude oil consumption and 91 percent of its natural gas consumption” (LAEDC 2019, p.6). The 
California oil supply to California refineries has decreased about 31 percent from 1985 to 2017, 
about 1 percent per year. This indicates that despite the decline in California-sourced oil supply, 
the refinery sector has not been affected as foreign supply has made up the difference. 



Figure 3-3: Oil Supply Sources to California Refineries 



 
Source: LAEDC 2019. 
 



Third, the refinery industry exports some refined petroleum products to other markets. As of 
2018, California exported about 35 million barrels of refined petroleum products per year by ship 
(Figure 3-4), and sent over 90 million barrels of refined petroleum products to other states via 
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pipeline (Figure 3-5) (CEC 2020). Although the EIA does not report total refinery production for 
California, refinery and blender production for PADD 5 (which includes California)23 averaged 
about 1.1 billion barrels of petroleum products from 2015-2021 (EIA 2021b). California exports 
are about 11 percent of that total. 



Figure 3-4: Imports and Exports of All Petroleum Products by Marine Transportation 



 
Source: CEC 2020. 
 



Figure 3-5: Exports of Refined Petroleum Products by Pipeline 



 
Source: CEC 2020. 
 
  



                                                      
23. Petroleum Administration for Defense District (PADD) 5 includes Alaska, Arizona, California, Hawaii, 



Nevada, Oregon, and Washington. (EIA 2021a) 
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Economic Impact of HES  



This section estimates the impact of the HES’s decreased demand for gasoline and diesel on 
the oil and gas industry, based on the HES assumption of an 86 percent reduction in petroleum 
demand and the LAEDC estimated contributions of the oil and gas industry to the California 
economy. Table 3-3 applies the HES 86 percent reduction to the current economic impacts of 
the downstream petroleum industry, which includes petroleum refineries, petroleum lubricating 
oil and grease manufacturing, and petrochemical manufacturing. As shown in the table, meeting 
the HES would result in a loss of about 10,400 direct jobs in the downstream industries, and 
76,500 total jobs across the California economy. 



Table 3-3: Potential Economic Impact of HES in 2050 



 2017 2050 Under HES Loss 



Direct Impacts on Downstream Petroleum Industry 



Jobs 12,100 1,700 10,400 



Total Impacts from Downstream Petroleum Industry Effects (direct, indirect, induced) 



Jobs 89,000 12,500 76,500 



Labor income ($B) $7  $1  $6  



Value added ($B) $26  $4  $22  



Output ($B) $88  $12  $76  



State and Local Taxes ($B) $13 $2 $11 
 



The HES will also affect other sectors of the oil and gas industry. The impact on midstream and 
market sectors is not specified by the HES, but must be somewhere between unaffected (0 
percent) and the full impact of the 86 percent demand decrease. A complete loss to those 
sectors is unlikely as pipelines transporting refined products to other states would continue and 
could potentially expand, and some gas stations will adapt and will continue to serve customers 
other products, potentially including electric vehicle charging stations. Table 3-4 thus uses the 
midpoint, a 43 percent decline, to represent the impact in the midstream and market sectors. 
The continuing decline in oil and gas extraction is likely to continue regardless of HES 
implementation; therefore, the impact to upstream activities is unlikely to be material and is not 
included in Table 3-4. 



Table 3-4: Estimated Direct Job Impact of the HES in 2050   



Industry Segment 2017 Direct Jobs Estimated 
Reduction from 
HES (percent)  



Estimated 
Reduction from 



HES (jobs)  



Midstream 20,700 43% 8,900 



Downstream 12,100 86% 10,400 



Market 98,600 43% 42,400 



Total 131,400 47% 61,700 
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Table 3-5 shows the impact of the HES on the California economy, beyond just direct 
employment. Because of data limitations, Table 3-5 applies the same percent reductions from 
the direct job impacts to the total economic impacts of each sector and for all of the economic 
metrics.24 Across the three sectors, Table 3-5 estimates a total loss of 179,100 jobs and 
$34.1 billion in GDP.  



Table 3-5: Estimated Total Economic Impacts of HES in 2050 with Additional Sector 
Impacts 



 
Employment 



(Jobs) 
Labor 



Income ($B) 
Value Added 



($B) 
Output ($B) State/ Local 



Taxes ($B)25 



2017 Economic Impacts  



Midstream 42,300 3.1 5.3 8.4 1.2 



Downstream 89,000 7.7 25.6 88.3 12.5 



Market 196,100 12.6 22.8 47.8 6.8 



Total 327,400 23.4 53.7 144.5 20.5 



HES Loss from 2050  



Midstream 18,200 1.3 2.3 3.6 0.5 



Downstream 76,500 6.6 22.0 75.9 10.8 



Market 84,300 5.4 9.8 20.6 2.9 



Total 179,100 13.4 34.1 100.1 14.2 



 
Geographic Consequences 



Table 3-6 shows the distribution of oil and gas industry jobs throughout the state (LAEDC 2019). 
The San Joaquin Valley has the highest employment in the upstream sector as Kern County 
ranks fifth in the US for oil producing counties (LAEDC 2019). The majority of midstream and 
downstream activity occurs in Southern California and the San Francisco Bay area. Market 
industries tend to have the highest employment in areas with high populations, such as 
Southern California. Although the Southern California and San Francisco Bay area sub-regions 
have the highest percentages of oil and gas industry-supported employment (42 and 20 
percent, respectively), the San Joaquin Valley relies more heavily than the other regions on the 
industry for employment. Two percent of employment in the San Joaquin Valley is supported by 
the oil and gas industry.  
 
  



                                                      
24 IMPLAN is a linear model; however, the economy generally does not respond in a linear fashion to 



supply and demand shocks. 
25. Calculated based on the ratio of state and local taxes to output for the oil and gas industry as a whole. 



The LAEDC report does not report tax impacts for specific sectors of the industry. 
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Table 3-6: Geographic Distribution of Oil and Gas Industry Jobs by Sector 



Sector Southern 
California26 



San Joaquin 
Valley27 



Central 
Coast28 



San 
Francisco 
Bay Area29 



Rest of 
State30 



Upstream 4,555 7,642 2,150 875 466 



Midstream 19,799 4,458 649 9,059 1,410 



Downstream 5,553 872 83 5,092 189 



Market 35,937 10,554 3,527 11,660 10,181 



Total Direct 
Employment 



65,844 23,520 6,410 26,686 12,246 



Percent of CA 
Industry Employment 



43.3% 15.5% 4.2% 17.5% 8.1% 



Percent of Total CA 
Contribution 



42.0% 10.6% 3.1% 20.3% 5.0% 



Percent of Sub-
region Total 



1.2% 2.0% 1.0% 1.4% 0.8% 



 



Table 3-7 applies the 2050 HES impacts from Table 3-4 to the regions described in Table 3-6. 
The largest direct job loss occurs in Southern California, which has the highest oil and gas 
industry employment overall. The San Joaquin Valley will likely have higher impacts than those 
shown in Table 3-7, due to the decline in the upstream industries that have the highest 
employment in that sub-region. If upstream production continues to fall at the current rate, there 
could be a loss of more than 7,000 additional upstream jobs in that sub-region. The San 
Joaquin Valley is also where 45 percent of the solar and wind generation development is 
expected to occur, exacerbating the effects on the economy in that area (see Section 4.3). 



Table 3-7: Geographic Distribution of 2050 HES Direct Employment Impacts 



Sector HES Impact Southern 
California 



San 
Joaquin 
Valley 



Central 
Coast 



San 
Francisco 
Bay Area 



Rest of 
State 



Midstream 43%       8,514        1,917         279         3,895           606  



Downstream 86%       4,776           750           71         4,379           163  



Market 43%     15,453        4,538      1,517         5,014        4,378  



                                                      
26. Southern California includes Imperial, Los Angeles, Orange, Riverside, San Bernardino, and San 



Diego counties. 
27. San Joaquin Valley includes Fresno, Kern, Kings, Madera, Merced, San Joaquin, Stanislaus, and 



Tulare counties. 
28.  Central Coast includes Monterey, San Luis Obispo, Santa Barbara, and Ventura counties. 
29.  San Francisco Bay area includes Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, 



Santa Clara, Solano, and Sonoma counties. 
30.  Includes the remaining 31 counties not already included in the previous sub-regions. 
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Total      28,742        7,205      1,867       13,288        
5,147  



 
Property Tax Impacts of HES 



The HES involves installation of 2,723 km2 of solar generation capacity (see Section 4.3). 
Currently, California exempts large-scale solar projects from reassessment of the assessed 
value of the land for property tax purposes. This tax exclusion keeps the value of the land the 
same as it was for the prior use, which is typically agricultural. Kern County estimates that the 
exemption is costing the county $19.9 million per year in property tax revenue over the 36,000 
acres of renewable energy currently existing in the county, or about $550 per acre (Morgen 
2021). Data for other counties is not available. Therefore, to estimate the statewide impact, we 
use the Kern County per-acre cost estimate as a starting point and adjust for differing average 
property tax rates in each county using the Tax-rates.org 2021 calculator  (Tax-rates.org 2021) 
and compute the per acre tax loss for other counties.31 This value is applied to the HES 
anticipated land area of solar development in California (land areas are described further in 
Section 4).32 Table 3-8 shows the potential county-level property tax impacts. Across California, 
the solar tax exclusion could reduce annual property tax revenues by $314 million, with $155 
million of this occurring in the San Joaquin Valley (49 percent). Kern County has the largest 
amount of new HES solar generation planned and could suffer an addition annual impact of $59 
million.  



Table 3-8: County-Level Property Tax Impacts from Solar Tax Exclusion 



County Solar Generation Area (km2) Annual  Tax Loss ($M) 



Alameda 1 $0.1 
Contra Costa 0 $0.0 



Fresno 298 $33.1 



Imperial 54 $6.5 



Inyo 25 $2.1 
Kern 433 $59.1 



Kings 50 $5.2 



Lassen 13 $1.3 



Los Angeles 37 $3.7 
Madera 21 $2.1 



Merced 56 $6.2 



Mono 7 $0.6 



Monterey 19 $1.6 
Placer 4 $0.6 



                                                      
31. If a county has a tax rate that is 75% of the Kern County rate, than the lost property tax revenue is 



$316=.75*$555  
32. Estimated area of solar development land is described in Section 4.4.2. 
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County Solar Generation Area (km2) Annual  Tax Loss ($M) 



Riverside 238 $32.5 



Sacramento 90 $10.5 
San Bernardino 308 $33.2 



San Diego 110 $11.4 



San Joaquin 225 $28.0 



San Luis Obispo 229 $22.7 
Santa Barbara 152 $13.2 



Solano 91 $10.7 



Stanislaus 149 $16.8 



Sutter 6 $0.7 
Tulare 42 $4.6 



Yolo 64 $7.5 
Total 2,723 $314.1 



      San Joaquin Valley 1,275 $155.2 
 



The solar energy exclusion is set to expire in 2024. If it does not, it means that areas with large 
solar installations, such as Kern County, bear a higher social cost for renewable energy 
because the foregone property tax is not providing revenue for services such as schools, fire 
protection, and infrastructure. Conversely, if the solar tax exclusion expires as planned in 2024, 
then the cost of increased property taxes will be included in the revenue requirements for the 
HES in the form of higher electric rates. In this instance, the rates could be slightly higher for all 
consumers while the areas with large solar installations would reap the benefits from the 
additional tax revenue.33  



3.2 Equity Impacts 



The HES may have significant negative economic impacts on disadvantaged families and 
communities, which will grow over time. The results of previous studies demonstrate the already 
significant impact of energy costs on low-income families and communities (Lesser 2015, St. 
Marie et al. 2018). Lesser (2015) reports that in 2012, “nearly 1 million California households 
faced ‘energy poverty’ – defined as energy expenditures exceeding 10 percent of household 
income. In certain California counties, the rate of energy poverty was as high as 15 percent of 
all households.” In 2016, the CPUC reported that 27 percent of residential gas and electric 
customers qualified for and received California Alternate Rates for Energy (CARE) rates, 
including almost 50 percent of the Central Valley Region customers (St. Marie et al. 2018). The 
assessment in this section shows that the HES implementation is likely to worsen this situation 
going forward, unless there are significant increases in support for households living in energy 
poverty.   



                                                      
33. RESOLVE documentation does not supply sufficient information to evaluate how this exclusion is 



treated in the model.  
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The assessment uses two metrics in assessing the impact of higher energy costs – the poverty 
level of income and the living wage, both of which vary by household size. The federal poverty 
level is three times the cost of the minimum food diet and is used to determine eligibility for 
federal aid programs. The living wage is a more robust environmental justice benchmark, which 
takes into account not just basic food costs, but also the cost of childcare, health insurance, 
housing, transportation, and other basic household necessities (Nadeau 2020). The current 
average living wage in California is $100,686 based on data from the U.S. Census Bureau 
(2020), roughly six times the federal poverty level. While about 10 percent of California families 
are below the poverty level, 60 percent are below the living wage.   



The following assessment is based on the impact of the 2.5x optimism electric rate (i.e., the 
midpoint of the 2x and 3x optimism rates) associated with the 2050 HES (discussed in Section 
2).   



If the HES 2.5x optimism bias adjustment rates occur in 2050 they would cause the following 
impacts:  



 The estimated 1.7 million households at or below the poverty level would see their energy 
costs increase from 16 to 46 percent of their income. 



 An additional 300,000 households would fall below the living wage. 



 The number of households in energy poverty will increase from 1.7 to 6.3 million. 



 Total energy costs for all California households would increase by $79 billion. An additional 
increase in the rate burden for all households that are not eligible for rate assistance 
programs. Low-income households may receive increased CARE or Family Electric Rate 
Assistance Program (FERA) rate assistance to offset $7.3 billion of their energy bill 
increase, based on current policy. However, if current policy remains in place, other 
households will pay higher energy costs to cover the rate assistance programs in addition to 
the direct HES related increases. 



To focus on key distributional issues, this assessment uses a simplified version of the 2050 
HES scenario. It assumes that the distribution of income does not change between now and 
2050 and that there are no changes in real income. Furthermore, the assessment uses 
population growth values from Table 2-7. Also, there is considerable uncertainty about when 
solar and wind power could actually be brought online under the HES, and when (and how 
many) people will actually convert to electric from gas. As discussed in Section 2, as gas assets 
become stranded, there could be severe increases in gas rates. However, an alternative 
response is that all gas users simply convert to electric because the increase in cost is less. 
This alternative response provides a lower bound estimate of the impact on residential gas 
users. Therefore, our 2050 residential energy costs assume that all residents are using only 
electricity. Attempting to model these changes would require additional assumptions and 
complexity without adding insights into the results. This assessment contrasts the 2019 rates 
with the estimated 2050 2.5x optimism bias adjustment residential rate of 50.4 cents/kwh (from 
Section 2), and increasing energy use by 10 percent for climate change (Franco and Sanstad 
2006). Section 2 provides a discussion of the total impact on residential bills; this section 
focuses only on the impacts for current levels of energy use (i.e., heating/cooling, lighting, 
electronics, cooking, etc.) and excludes increases for EV charging. 



The primary data source is the 2019 U.S. Census Bureau American Community Survey (ACS) 
Microdata (Ruggles et al. 2021). This dataset includes individual-level information on household 
energy costs for 130,000 survey respondents, which provides the opportunity to focus on the 
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families that will be most affected by energy cost changes. According to the ACS data, the 
average annual energy cost for Californians is $2,250 per household, with an annual gas cost of 
$700 and electric cost of $1,550. The average annual income is $114,000, meaning that 
statewide, energy costs average 2 percent of household income.34 These energy costs reflect 
the cost to the respondent, after discounts provided by the CARE and FERA programs. Thus, 
for eligible low-income families, the reported energy costs are lower than they would have been 
in the absence of these programs. Applying the survey weights from the ACS to the 130,000 
survey respondents yields an estimated 12 million households. These survey weights are 
increased to yield the 13.7 million households reported in Table 2-7. For the 2050 impacts of the 
HES, the weights are scaled up to yield the 2050 population from Table 2-7 (i.e., 18.3 million 
households).  



3.2.1 Low-Income Households 



Impact Based on Poverty Level  
The estimated number of households that will be below the poverty level in 2050 is about 1.7 
million, compared to 1.2 million in 2019. Figure 3-6 shows the breakdown of these households 
by the percent of the poverty level. Approximately 455,000 of these households would be in the 
bottom quartile, with income that is 25 percent or less of the poverty level. Similarly, 254,000 
households below the poverty level would have income that is 26 to 50 percent of the poverty 
level. An estimated 665,000 households below the poverty level would have incomes between 
76 and 100 percent of the poverty level. 



Figure 3-6: Percent of Households below Poverty Level by Poverty Level Quartile, 2050 



 
 



The impact of the HES on households below the poverty level is shown on Figure 3-7. The 
graph shows households grouped by their income as a percent of the poverty level. The 2019 
average annual energy bill (including both gas and electric costs) is between $1,500 and $1,700 
per household, and increases to $4,300 to $4,900 (depending on quartile) for the 2050 HES. To 
a large extent, the bill does not vary across income category; however, income does. The 
poorest households average an annual income of only about $1,000, which is not enough to 
cover energy bills currently, much less under the 2050 HES. Even at the top end of income for 



                                                      
34. These data exclude respondents who did not provide energy cost estimates because their energy 



costs are included in their rent. 
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households below the poverty level, energy bills will be more than a quarter of their $16,000 
income with HES implementation. 



Figure 3-7: Household Income and Annual Energy Costs per Household, by Percent of 
the Poverty Level, 2019 vs. 2050 



 



Impact Based on the Living Wage 
The living wage is another equity benchmark for assessing policy impacts. The living wage 
measures the minimum income a family needs to meet their basic needs. The living wage varies 
by family composition, based on the number of working adults and the number of dependent 
children (Nadeau 2020). The current average living wage in California is $100,686 (U.S. Census 
Bureau 2020). Figure 3-8 shows that in 2050, there will be 10.9 million households below the 
living wage, with most of them below 50 percent of the living wage.  



Figure 3-8: Number of Households below Living Wage by Living Wage Quartile (Millions) 
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The HES 2.5x optimism bias adjustment has two impacts with respect to the living wage. 
Currently, 60.5 percent of California households are below the living wage. This number will 
increase by 0.3 million households, to 61.9 percent, in 2050 under the HES. This is because the 
average per household annual energy bills will increase by $3,800, which means the living wage 
must increase by the same amount, which pushes more households below it.   



Table 3-9: Average Annual Energy Costs for Households below the Living Wage 
Group Number of 



Households 
in 2050 (M) 



Average Annual Energy 
Cost Per Household35 



Energy Cost as 
Percent of Income 



2019 2050 2019 2050 



Households below the living 
wage 



10.9 $    1,800 $    5,100 4% 11% 



Households falling below the 
living wage due to the HES 



0.3 $    2,200 $    6,300 2% 6% 



Households remaining above 
the living wage 



7.1 $    2,400 $    6,900 1% 3% 



All California Households 18.3 $    2,000 $    5,800 2% 5% 



For households at or below the living wage, HES would increase energy costs from an average 
of 4 percent of income to 11 percent at the 2050 2.5x optimism bias adjustment.   



Summary of the HES Equity Impacts  
The total annual increase in energy costs for all households statewide is estimated to be $79.4 
billion (Table 3-10). For the 1.7 million households below the poverty level in 2050, the 
estimated total annual increase in energy costs is $5.7 billion. The increase for the 10.8 million 
households below the living wage in 2050 is $41.5 billion. Statewide, energy costs will increase 
by 286 percent, including both the rate increase and the population increase. 



Table 3-10: Statewide Impacts on Households below the Poverty Level and Living Wage 
in 2050  



Group Number of 
Households 



(millions) 



Energy costs as 
Percent of HH 



Income (1) 



Total Energy Costs 
(billions) 



Increase 



 Current 2050 Current HES 
2050 



Current HES 
2050 



$Billions Per 
Household 



($) 



Percent 



Statewide 13.7 18.3 2% 5% $27.7 $107.1 $79.4 $3,800 286% 
Below the 
Poverty 
Level 



1.2 1.7 16% 46% $2.0 $7.7 $5.7 $3,100 287% 



Below the 
Living 
Wage 



8.1 10.8 4% 11% $14.5 $56.0 $41.5 $3,400 285% 



 (1) Percent of income statistics do not include people who report their income as zero. 



                                                      
35. Includes both gas and electric costs for 2019, and all electric costs for 2050. 
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Figure 3-9 shows the number of households living in energy poverty, defined as energy costs 
that are more than 10 percent of household income, in 2019 versus under the 2050 HES. The 
predicted increase in energy costs and population will more than triple the number of 
households in energy poverty. 



Figure 3-9: Households Living in Energy Poverty  
(Households with energy expenses above 10 percent of income)  



 



Impact of Energy Assistance Programs  
It is uncertain how much of the cost increase from the HES will actually be paid by each income 
group described above. While there are numerous ways that these equity issues could be 
handled (Borenstein et al. 2021), which may address other inequities as well, there does not 
appear to be a consensus on the appropriate approach. The analysis below thus assumes that 
the CARE and FERA programs continue in their current form. The CARE program provides low-
income36 customers a 20 to 35 percent discount on electric bills37 and a 20 percent discount on 
gas bills. Customers of Southern California Edison, Pacific Gas and Electric, and San Diego 
Gas and Electric whose income slightly exceeds CARE income limits are eligible for an 18 
percent discount on their electric bills through the FERA Program. A rate surcharge applied to 
all other utility customers funds these low-income rate assistance programs (CPUC 2021). 
Assuming these programs continue, average energy bills for low-income customers would 
increase less than the overall average due to CARE and FERA discounts, while other 
customers would likely see a higher increase than the overall average as their rates increased 
to pay for the rate assistance programs.   
  



                                                      
36. Households with an income at or below 200 percent of the Federal Poverty Level guidelines, adjusted 



for household size (CPUC 2021). 
37. Utilities with 100,000 or more customer accounts offer a 30-35 percent discount and utilities with less 



than 100,000 accounts offer a 20 percent discount. 
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Based on the ACS income data, there will be 4.6 million households eligible for CARE 
assistance in 2050 (26 percent), and potentially as many as 0.6 million more could be eligible 
for FERA (3 percent).38 Under the HES, CARE assistance costs would increase by an average 
of $1,500 per eligible household annually, or a total of $6.6 billion.39 FERA assistance costs 
could increase by $1,100 per eligible household, or a total of $0.7 billion (assuming all 
households with eligible income are served by a participating utility). Combined, the 5.2 million 
households eligible for assistance could receive $7.3 billion, or $1,400 per household. 



These additional costs would be partially borne by the roughly 13.1 million households in 2050 
that would not be eligible for these programs. 



The CARE/FERA costs would increase the revenue requirement by about 3 percent, similarly 
increasing the resulting electric rate by 3 percent from 50.4 cents to 51.9 cents. For households 
that are not eligible for CARE/FERA, the higher rate would mean that the average household 
energy cost would increase by about $4,000 rather than the $3,800 in Table 3-10.  



Table 3-11: Impact of CARE/FERA Rate Assistance Programs under the HES 2050  



 HES 2050 



CARE/FERA eligible households  



Total Increase in Energy Cost Burden from the HES   $19.1B 



Total Reduction of Burden from CARE/FERA $7.3B 



Average Reduction per CARE/FERA eligible family $1,400 



Non CARE/FERA eligible households   



Total Increase in Energy Cost Burden from HES  $60.3B 



Additional total increase from CARE/FERA costs $2.6B1 



Percent increase 3% 



Additional increase per kWh $0.015 



Additional increase per Household $195 



Average increase per household for HES 2050, with additional 
cost of CARE/FERA  



$4,000 



(1) A portion of the CARE/FERA cost will be borne by commercial customers. 



3.2.2 Disadvantaged Communities 
This section reports the impact of implementing the HES on disadvantaged communities. 
Disadvantaged communities are defined by the California Office of Environmental Health 
Hazard Assessment for the purpose of SB 535 (OEHHA 2021), and are based on a variety of 



                                                      
38. Households must enroll in these programs to receive assistance, so not all eligible households 



necessarily receive the benefit. The income eligibility levels for CARE and FERA change annually for 
inflation; this analysis uses the 2019 eligibility because the income data is for 2019. Also, FERA is only 
available to customers of specific utilities, and the ACS data does not identify the utility serving each 
household. This estimate reflects the maximum number of potential FERA recipients, if all eligible 
households were served by one of the FERA utilities. 



39. Assumes that CARE-eligible households receive 30 percent rate assistance. 
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economic, environmental and social metrics at the census tract level. However, for this analysis 
we focus on the county level, looking at those counties with the highest level of disadvantaged 
communities. Table 3-12 shows impacts for counties where at least 25 percent of the population 
lives in disadvantaged communities, which account for over 80 percent of the statewide 
disadvantaged population. The counties are: San Joaquin Valley (Fresno, Kern, Kings, Madera, 
Merced, San Joaquin, Stanislaus, Tulare); as well as Imperial, Los Angeles, Mariposa, and San 
Bernardino counties. Table 3-13 compares the average characteristics of these 12 counties to 
the other counties in the state. As shown in Table 3-13, the disadvantaged communities suffer 
lower education levels, higher unemployment, lower wages, and are disproportionately minority 
and of poorer health.  
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Table 3-12: Statewide Impacts on Disadvantaged Community Households below Poverty Level and Living Wage 
Group  



Number of 
Households 



(millions) 



Energy costs as 
Percent of 
Household 



Income 



Total Energy 
Costs ($billions) 



 
Increase 



 Current 2050 Current HES 
2050 



Current HES 
2050 



$billions  Per 
Household  



Percent 



Counties where 
more than 25% of 
the population lives 
in disadvantaged 
communities. 



5.7 7.7 2% 6% $12.2 $47.1 $35.0 $4,000 287% 



Below the Poverty 
Level 



0.7 0.9 16% 45% $1.1 $4.4 $3.2 $3,300 287% 



Below the Living 
Wage 



3.8 5.1 4% 11% $7.3 $28.0 $20.7 $3,500 285% 
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Table 3-13: Disadvantaged Community Profile  



Characteristic 12 Counties with 25%+ 
Disadvantaged 



Population  



All Other 
Counties  



No high school diploma (over 25 years old) 22% 14% 



Minority (all except white, non-Hispanic) 72% 56% 



Occupied housing units with more people than rooms 10% 7% 



Households with no vehicle 12% 8% 



Unemployment rate 8% 6% 



Net migration index(1) 97 104 



Average annual growth in wages/salaries index(2) 84 106 



Per capita personal income $54,000 $71,000 



% of population at or below the living wage 73% 66% 



% of population below poverty level 18% 12% 



% of population in fair or poor health 18% 14% 



Average number of physically unhealthy days 3.8 3.4 



Average number of mentally unhealthy days 3.8 3.6 
(1) Average net domestic migration rate from 2009 to the latest year available. This index measures the 



extent to which people are migrating to a region, and excludes other population dynamics such as 
births. An index over 100 indicates more people entering the region than leaving. 



(2) Average annual rate of change in wage and salary earnings per work from 2002 to the latest year 
available, based on the place of work, not the area of residence. This index measures employee 
compensation based on where the activities occurred, and higher values indicate stronger growth in 
earnings. 



 



These 12 counties include nearly 6 million households, of which 700,000 are below the poverty 
level and 3.8 million are below the living wage. The annual increase in energy bills for these 
residents will be $4,000 per year, which will increase energy costs from 2% to 6% of annual 
income.  



3.2.3  People of Color 
People of color throughout the state will also be affected by the HES implementation.40 People 
of color include all non-white, non-Hispanic households. As a group they will experience a 
$3,500 per household increase in energy costs. 
  



                                                      
40. These values are comparable to the total statewide values. 
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Table 3-14: Statewide Impacts on People of Color Households below Poverty Level and 
Living Wage 



Group Number of  
Households 



(millions) 
 



Energy costs as 
Percent of 
Household 



Income 



Total Energy 
Costs ($billions) 



 
Increases 



 Current HES 
2050 



Current HES 
2050 



Current HES 
2050 



$billions Per 
House-
hold ($) 



Percent 



People of 
Color 



5.0 6.6 2% 5% $9.1 $35.2 $26.1 $3,500 286% 



Below the 
Poverty 
Level 



0.6 0.8 15% 42% $0.9 $3.3 $2.5 $2,900 287% 



Below the 
Living 
Wage 



3.0 4.1 4% 10% $5.1 $19.7 $14.6 $3,200 287% 



3.2.4  Climate Regions 
Implementing the HES will also have distributional impacts based on geography and climate. 
The California Public Utilities Commission Policy and Planning Division identifies six climate 
regions in California (Figure 3-10). These are areas where the climate is similar, and thus 
energy use is also similar (Rockzsfforde and Zafar 2015). In 2015, CPUC conducted a study of 
annual electricity use by zip code and climate region. We used that data to calculate the 
increase in energy bills. For the purposes of this analysis, we calibrate the data such that 
statewide average annual increase in the energy bill in 2050 is $3,800, the same value reported 
in Section 3.1. The dataset also includes information on the proportion of customers enrolled in 
the CARE program.  



Figure 3-10 shows the impact of the HES across the climate regions. The Central Valley region 
would experience the highest increase in energy bills, $4,844 per year, while the Central Coast 
would experience the lowest, $2,773 per year. At the time of the study, the climate region with 
the highest enrollment of customers in CARE was the Central Valley, at 32 percent. The lowest 
enrollment in CARE was the Central Coast, at 19 percent. Finally, the median income for ZIP 
codes in the Central Valley was 25 percent lower than the Central Coast. This is additional 
confirmation that the burden of the HES will disproportionately fall on lower income households.    



 
 
 
 
 
 
 
 
 





http://www.erm.com/








 



 
www.erm.com     Page 69 



FINAL ASSESSMENT REPORT - POTENTIAL IMPACTS OF 
CALIFORNIA’S HIGH ELECTRIFICTION SCENARIO 
 



ECONOMIC AND EQUITY IMPACTS 



Figure 3-10: California Climate Regions  



 
Source: Rockzsfforde and Zafar 2015. 



 



Figure 3-11: Impact of the HES on Household Energy Bills Based on Climate Zone41 



 



 



                                                      
41. Current graph only includes electricity. Additional adjustments will be necessary to include gas use.  
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4. LAND USE AND ENVIRONMENTAL ANALYSIS 



Development of renewable energy resources will primarily impact California’s rural landscape, 
with potential broad-scale direct and indirect land use, community, and environmental and 
cultural resource impacts. This chapter describes the estimated scale and location of 
development required to achieve HES objectives; highlights challenges and uncertainties of 
achieving this level of land development; and discusses the potential impacts that are likely to 
occur in California should this level of development be achieved.  



 Section 4.1 reviews the estimated solar and wind capacity required by 2050 to achieve HES 
electrification objectives; the associated land area required for new solar and wind during 
this timeline; and the variability of these land area estimates.   



 Section 4.2 provides additional details of the E3-TNC study methodology and results; and 
reviews other regional land use studies to provide further perspective on the amount and 
likely location of land that will be impacted by the HES buildout.  



 Section 4.3 reviews practical hurdles to renewable energy development at the project level 
to provide perspective on the challenges and uncertainties of land development at the HES 
scale.  



 Section 4.4 provides quantitative estimates of the potential statewide and regional impacts 
to environmental resource categories based on interpretation of data provided by E3-TNC 
for a representative HES buildout scenario. 



 Section 4.5 provides further qualitative discussion of reasonably foreseeable impacts 
associated with broad-scale renewable energy development and presents illustrative 
examples in the environmental issue areas often cited in renewable energy project 
assessments. 



4.1 Physical Scale and Pace of HES Solar and Wind Development 



As explained above, E3-CP’s 2019 study estimated total installed capacity for 2020 and total 
future installed capacity by 2050, with a projected net increase in capacity for industrial solar 
and wind of 101.5 GW and 4.7 GW, respectively.  



California’s in-state onshore wind resources, in contrast to solar development potential, are 
largely already developed, and the remaining preferred onshore wind resource sites are largely 
not available to development. Therefore, E3-TNC’s projected wind resources are largely 
sourced from out of state. The potential contribution from offshore wind is not considered in the 
E3-TNC analysis; however, it is worth noting that this source could contribute to future 
generation capacity.42 



E3-TNC provides benchmarks for the typical land area and capacity for individual industrial 
solar and wind projects that would be developed under the HES: 



                                                      
42. According to E3-TNC offshore wind resources were not included primarily to maintain consistency 



with assumptions in existing versions of the RESOLVE model, in which offshore wind has not yet been 
incorporated, and, secondarily, because the publicly available data for offshore wind along the Pacific 
Coast is not yet well enough characterized and vetted in stakeholder processes for incorporation at the 
time of the study. CSP is considered in the supply curve for existing versions of RESOLVE, but E3-
TNC considered the estimated capital costs to be too prohibitive for new capacity to be selected under 
any scenario. 
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 Most solar projects would provide about 120 megawatts (MW) of capacity on a land area of 
4 km2, or 988 acres, 1.54 square miles.  



 Most wind facilities would provide about 55 MW of capacity and install turbines on about 9 
km2 of land, or 2,223 acres, 3.47 square miles.  



Applying these benchmarks to the E3-CP incremental capacity estimates (101.5 GW solar and 
4.7 GW wind) indicates a cumulative land development footprint of 3,383 km2 (836,000 acres; 
1,300 square miles) for new industrial solar, and 352 km2 (87,000 acres, 136 square miles) for 
wind. This land area is within the range of estimates developed by E3-TNC, and it is close to the 
estimated 3,821 km2 (943,787 acres) that E3-TNC anticipates will be needed for solar 
development under their Full-West siting level 4 constrained scenario, which is discussed 
further below, and serves as a benchmark for additional analysis of potential impacts.     



It is worth noting that existing solar PV generation sites in California are generally much smaller 
than 4 km2. According to CEC’s list of Solar PV and Solar Thermal Electricity Production, there 
are 759 operational solar PV projects in California (CEC 2021b). Of this total, 55 facilities have a 
production capacity of 50 MW or more and the average production capacity is 17 MW (14% of 
E3-TNC’s benchmark). Applying E3-TNC’s benchmark from above suggests an average land 
area per facility of 0.6 km2 (139 acres). These land area estimates do not account for clustering 
of multiple facilities at contiguous sites; however, these data suggest that E3-TNC’s benchmark 
for future land development may underestimate the number of individual future development 
sites, and overestimates the average land area for future solar development sites.  



E3-CP’s analysis also anticipates that California would need 74 GW of new 6-hour duration 
battery capacity (up from less than 1 GW of lower-duration 2020 battery capacity). Battery 
energy storage systems are not land intensive as compared to solar arrays; however, this level 
of battery development and associated substation equipment could require an estimated 
additional 10 km2 (about 2,470 acres), assuming an average yield of 30 MW of battery storage 
per acre. Many of these facilities will be co-located with solar PV or with new and existing 
electrical substations, and others will be stand-alone facilities that are strategically sited on 
private lands located at optimal grid interconnection points in various rural and urban settings.  



E3-CP’s analysis also anticipates 19 GW of new behind-the-meter solar (up from about 6 GW in 
2020, a 3-times increase). Retained gas generation facilities would be used for longer duration 
solar and wind power outages.  



The actual land area that may be required to achieve HES buildout is highly uncertain given the 
multiple potential scenarios that depend on the amount of generation imported to California 
(mostly wind resources), constraints on the scale of new generation facilities, and extent of 
distributed energy resources such as rooftop solar.  



In addition, the actual land area may be greater than indicated in E3-TNC’s scenarios due to 
factors such as:  



 Greater reliance on overbuilding of solar and wind with curtailment due to relatively higher 
cost of battery storage. As noted in Section 2, studies suggest that falling technology costs 
imply it is less expensive to overbuild solar and wind, and curtail excess output rather than 
investing in relatively costly battery storage (e.g. Denholm et al. 2021, Perez and Rabago 
2019).  



 Lower adoption rates of behind-the-meter solar and other distributed energy resources, with 
correspondingly greater reliance on utility-scale solar and wind facilities.  
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These and other factors may lead to more land being needed to develop the same amount of 
resources. 



In E3-TNC’s In-State scenario, the estimated incremental solar generation land area ranges 
from 3,937 to 5,001 km2, with negligible wind development primarily due to the scarcity of 
developable in-state wind resources. In the Part West scenario, the estimated incremental solar 
generation land area ranges from 3,042 to 3,660 km2, and the land area for new wind resources 
ranges from 1,235 to 6,098 km2. And under a Full West scenario, the estimated land area for 
solar is 1,461 to 3,821 km2 due to a substantial increase in wind resources from out of state, 
and associated long-distance transmission. Land areas for new generation-tie line (gen-tie) and 
transmission corridors are relatively low (less than 10 km2) in most scenarios, but range up to 
100 km2 in the high-import Full West scenario. (E3-TNC [Wu et al. 2019]; Tables 15 - 16) 
A plausible mid-range land development scenario within E3-TNC’s analysis range is 3,000 to 
5,000 km2 with a mid-point of 4,000 km2 reflecting a case that is generally between E3-TNC’s 
Part West and Full West scenarios, because it is reasonable to assume that some of the 
expanded generation will come from out of state. For the purpose of quantified impact analyses 
presented later in this section, we assume a land area of 3,821 km2 of solar development, of 
which 2,723 km2 (672,581 acres) would be developed in California; this is based on E3-TNC’s 
Full-West scenario in the constrained case, and with the highest level of environmental resource 
protections.  



Using CEC’s 2020 solar capacity figure stating that 15.63 GW, including imports, of solar 
thermal electricity production capacity is available in California, and E3-TNC’s benchmark of 
120 MW of solar availability per 4 km2 area, the current land already developed for solar 
generation in California is approximately 521 km2. Thus, under the Full West SL4 Constrained 
scenario, which requires less land in California for solar development than in other 
scenarios, approximately 5 times the estimated land area currently developed for solar 
will need to be operational in California to meet the HES needs. Under the Part West and 
In-State scenarios, which require more land in California for solar development, 
approximately 6 to 10 times the amount of land area currently developed for solar will 
need to be operational to meet the HES buildout.  
To put the necessary land area in California for solar development under the HES in further 
perspective, a land area of 2,723 km2 (672,581 acres), which represents the area of new solar 
development in California under the Full West SL4 constrained scenario, is roughly equivalent 
to the metropolitan Los Angeles region from Burbank to Long Beach, as illustrated in Figure 4-1.  



For further perspective, the 2020 installed solar PV capacities in Fresno and Kings counties in 
southern San Joaquin Valley – two counties with large relative shares of the state’s installed 
solar projects – are 1,008 MW and 590 MW, respectively (1.6 GW total, or approximately 10% 
of the state-wide total) (CEC 2021b). Using the same benchmark as above for land area per 
MW of production, this is equivalent to roughly 53.2 km2 of land area dedicated to solar PV, 
excluding gen-tie and transmission corridors. This is only 2 percent of the estimated 2,723 
km2 of land area needed to meet the solar buildout in California under the HES Full West 
SL4 Constrained scenario, and only 1.4 percent of the total estimated solar development 
when including out-of-state development.  
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Figure 4-1: Cumulative Estimated Land Area of 2,723 km2 Required for New Solar 
Installation in California for E3-TNC’s Full West SL4 Constrained Scenario  



 
 
For additional perspective, 4,000 km2 is roughly 20 percent of the approximately 21,000 km2 
(8,200 square miles) of urbanized land in California as listed in the 2010 U.S. Census (Census 
Bureau 2010), or roughly three times the City of Los Angeles. Thus, under the HES, California 
land development for solar resources would need to occur at levels far higher than achieved in 
the state to date. 
In addition, achieving the HES would require the development of solar, wind, and battery 
storage projects over the course of 25 years at a rate never seen in California. The CEC’s SB 
100 Joint Agency Report shows the 25-year average yearly build rate necessary for solar, wind 
and battery to achieve the HES buildout. Over the last decade, California has built on average 1 
GW of utility-scale solar and 300 MW of wind per year, with a maximum annual build of 2.7 GW 
of utility-scale solar and 1 GW of wind capacity. The highest annual build rate that has ever 
occurred is 2.7 GW for solar and 1.0 GW wind (CEC 2021a). As shown in Figure 5 of the SB 
100 Report (shown below), the HES would require annual build rates averaging as high as 
the highest historical annual build rate for 25 years. This is equivalent to an estimated 
average and maximum annual build rate of 33 km2 and 90 km2, respectively, for solar, and 23 
km2 and 75 km2, respectively, for wind.  
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Source: CEC 2021a. SB 100 Joint Agency Report Figure 5. Average Resource Build Rates for  
Solar, Wind and Batteries in the SB 100 Core Electrification Scenario. 
 



The SB 100 Study projects a relatively straight-line progression of development between 2027 
and 2045 (SB 100 Report Figure 8, left portion, shown below). However, according to the E3-
CP study (E3-CP Figure 10, shown above), much of the anticipated development is 
concentrated in the 10-year period after 2040; adding 50 GW of solar to the grid during this 
period.   



 



 
Source: CEC 2021a. SB 100 Joint Agency Report Figure 8. Cumulative Capacity Additions for the SB 100 
Core and No Combustion Scenarios. 



4.2 E3-TNC Study Methodology and Results 



E3-TNC assumes that California will implement the HES approach to achieve California’s goal 
of reducing greenhouse gas emissions by 80 percent by 2050. It uses E3’s California-wide 
RESOLVE model, developed for the CEC, with modifications, to consider how a number of 
different conservation and siting assumptions would affect the protection of important resources 
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while minimizing costs. RESOLVE is an electricity sector capacity expansion energy planning 
model developed by E3 for the CEC to guide energy planning and regulations in support of 
climate commitments. RESOLVE zones are the spatial units with which the capacity expansion 
model, RESOLVE, aggregates generation supply characteristics, including cost, generation 
potential, generation temporal profiles, and transmission availability. RESOLVE zones include 
areas designated in the state model for future renewable development based on various siting 
and grid reliability factors. A map of RESOLVE zones is shown below, as presented in E3-
TNC.43 



 
Source: E3-TNC Figure 2 RESOLVE Zone names and locations for solar-only, wind-only, and both 
technologies.  



The RESOLVE model first identifies portions of the state and other western U.S. locations 
where new wind or solar energy production facilities could be located (RESOLVE zones). The 
model then “selects” or optimizes the mix of available energy resources to minimize cost while 
meeting a specific level of demand and reliability. To reflect potential permitting or other 
development constraints, the CPUC has historically reduced or discounted the potential size of 
                                                      
43. See also: E3-CP Figure 30; and https://databasin.org/maps/7a82b5656b11454e901b194090de0835/ 
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the RESOLVE zones by a significant factor, such as by 95 percent in the 2017-2018 planning 
cycle extending to 2030. Most of the E3 studies expand the potential size of the RESOLVE 
zones beyond this level, and all extend the model from 2030 to 2050. For example, the CEC 
RESOLVE model discounts by 80%. E3-TNC also uses an 80% discount (i.e., allows 
development on 20 percent of the RESOLVE zone land area versus just 5 percent) as well as 
including in-state and out of state solar and wind siting located outside of the RESOLVE zones, 
in order to minimize potential impacts to biologically sensitive, preserved public and private 
lands and other factors identified by TNC. Given that the CPUC discounts the land available in 
RESOLVE zones by up to 95%, it is uncertain whether and to what extent E3-TNC’s expansion 
of the buildable land within the RESOLVE zones beyond the CPUC’s 95% discounted level is 
reasonable. 



E3-TNC then estimates the total area of solar, wind and geothermal generation, and bulk 
transmission, that would be required to achieve HES buildout in several potential geographic 
scenarios (In State, Part West, and Full West) in 2050, in both the constrained and 
unconstrained cases and under various siting levels (1 through 4).  



E3-TNC then conducts a screening level assessment of potential environmental impacts from 
each of the scenarios by overlaying the HES buildout land necessary in each scenario with an 
estimate of the resource values of the affected locations. Figure 1 from the E3-TNC study 
depicts this assessment process.  
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Source: E3-TNC Figure 1. Flow diagram of key methodological inputs, processes, and outputs. Blue 
boxes indicate spatially explicit inputs or outputs.  



E3-TNC Figure 11 demonstrates the varying solar, wind, and geothermal development that 
would occur in various scenarios, given specific siting levels and geographic constraints.  



 For the In-State scenario, increasing the Siting Level causes site selection to shift away 
from Southern California toward Northern California. Much of this increased development 
would occur in the Northern Central Valley ecoregion and foothills fronting the Cascades, 
Eastern Cascades Slopes and Foothills, and Northern and Central Basin and Range 
ecoregions.  



 As the geography expands from In-State to Part West, wind development shifts from 
California toward rangeland habitats of New Mexico and the Oregon-Washington border. 
The Part West case includes two new long-distance high-voltage transmission lines, SunZia 
and Southline, with a total distance of 1,200 km, to deliver wind power from New Mexico to 
California with a 3,000 MW transmission limit included in this scenario. As Siting Levels 
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become more protective, solar distribution shifts northward and wind experiences a smaller 
shift away from New Mexico and toward the Pacific Northwest.  



 Expanding the geography from Part West to Full West lifts the 3,000 MW transmission limit 
for New Mexico wind and thus up to 24,000 MW of wind development occurs in New 
Mexico. New Selected Project Areas also occur in Wyoming to the maximum extent 
possible within the constraints of the model, removing most wind development from 
California. This scenario includes additional new long-distance high voltage transmission 
lines, referred to as TransWest Express, Gateway South, Gateway West, Boardman to 
Hemingway, and SWIP North, with a total distance of 5,356 km to deliver wind power from 
Wyoming and Idaho to California. With increasing Siting Levels, Wyoming and New Mexico 
wind resources become smaller and more dispersed and then are replaced by smaller wind 
resources in the Pacific Northwest and Idaho at the highest Siting Levels.  



E3-TNC’s environmental impact results of the various scenarios are presented in bar charts in 
units of km2. For each environmental resource topic (e.g., wetlands and waters, avian corridors, 
critical habitat), the bar charts indicate the total land area necessary to develop solar, wind, and 
geothermal generation for the base case and various siting levels, and the portion of that land 
area that could have resources impacted by the development. Numerical impact data for the 
environmental resource categories and development site data are not provided; therefore, the 
coarse-level presentation of the study results precludes a detailed review of the specific 
resources such as wetlands and waters that could be present at the site level but not apparent 
in the E3-TNC screening analysis.  



For example, California has approximately 1.8 million acres of mapped freshwater wetlands, 
pond, and other water features, excluding marine estuaries, lakes, and rivers (USFWS 2021). 
Such resources are typically avoided during project siting. However, as is common with site 
development, very often micro-siting factors exist, such as previously unmapped wetlands and 
waters, or substantial wildlife habitats that are not captured in the E3-TNC desktop analysis. 
Although it is difficult to quantify the cumulative effects of site-specific impacts to waters or other 
resources, it is reasonable to expect that actual site conditions will present development 
constraints that either cause solar and wind projects to be reduced in scale, potentially be 
relocated to less energy-suitable areas (necessitating larger development footprints), or result in 
direct loss of previously unmapped resources in order to achieve the desired scale and density 
of development required by the HES. 



According to E3-TNC large amounts of agricultural land and rangelands in and out of state 
would be unavoidably impacted in all scenarios. As California expands the HES buildout to 
adjacent states, and as conservation protections of open lands become more stringent, solar, 
wind and related facilities may tend to become clustered in closer proximity to areas that have 
higher average residential density. Consequently, in addition to potential conflicts with other 
states for access to high quality wind and solar sites, HES buildout may directly or indirectly 
impact the land adjacent to existing communities and result in permitting conflicts or 
development opposition.  



As noted in the E3-TNC study: 
The media and scholars have noted the rise of “green vs. green” conflicts when siting 
renewable energy infrastructure in sensitive landscapes, such as the desert southwest in the 
United States. To help alleviate these conflicts and potential trade-offs, studies are needed 
to assess the possible land use constraints and ecological impacts of energy infrastructure 
needed for a deeply decarbonized national or sub-national economy. (p.5) 
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[C]apacity expansion models are highly spatially aggregated, but the renewable resource 
assumptions that serve as important inputs to these models must come from highly spatially-
explicit analyses. These spatial analyses usually remove areas legally protected from 
development, but do not include the detailed spatial datasets that can account for many 
other ecologically sensitive areas where development is likely to trigger conflicts with 
resource management agencies, environmental organizations, and local communities … In 
terms of evaluation and comparison of portfolios, capacity expansion model outputs are also 
typically too spatially coarse to provide information on possible siting impacts of portfolios. 
(p.5) 



To the extent that such permitting conflicts or development opposition preclude projects from 
being developed in certain locations, further pressure is put on other locations in California to 
meet the land area necessary for the HES and there is the potential for a greater amount of 
more distributed land area to be developed if projects are opposed due to size.  



From an environmental resource perspective, the predominant impacts associated with land 
development for incremental renewable energy generation and distribution are related to the 
conversion of agricultural crop land, rangeland, scrubland, and other open lands needed for 
solar PV and associated transmission and distribution upgrades.  
E3-TNC does not provide quantitative results by geographic location. Based on a review of E3-
TNC’s limited geographical siting information, new solar and wind generation will be relatively 
concentrated in the San Joaquin Valley and desert region of California, and to a lesser extent in 
the Sacramento Valley. For example, under the Full West SL4 constrained scenario, 
approximately 47 percent of new solar development will be sited in an eight-county portion of 
the San Joaquin Valley region; 24 percent will be concentrated in the Mojave and 
Colorado/Sonoran desert regions region of Los Angeles, Imperial, Riverside, San Bernardino, 
and Inyo Counties; and 9 percent will be sited in the three-county region of Solano, Sacramento 
and Yolo counties.  



In addition, nearly all of E3-TNC’s in-state wind would be sited in northern Los Angeles County 
and southeastern Kern County, along the northern and southern fringes of the Antelope Valley 
near Palmdale and Lancaster; and along the Interstate 5 corridor north of Santa Clarita. Smaller 
clusters of potential wind development are identified in Yucca Valley in southern San Bernardino 
County; southwestern Santa Barbara County along State Route 1 between Gaviota and 
Lompoc; and in northeastern Shasta County. Previous studies and additional information related 
to renewable energy siting potential in these California sub-regions are described below.  



4.2.1 San Joaquin Valley Path Forward Study 
As noted above, E3-TNC’s Full West SL4 constrained scenario identifies approximately 47 
percent of new solar development in an eight-county portion of the San Joaquin Valley region. 
The San Joaquin Valley Path Forward Study addresses land characteristics and suitability for 
renewable energy development within the San Joaquin Valley that generally aligns with E3-
TNC’s siting results. The study area encompasses 9.5 million acres within eight counties and 
describes the Valley’s important role in supplying suitable land for renewable energy 
development due to its temperate climate and high solar insolation. The study provides an 
example of the conflicts between development of renewable resources and the environmental 
impacts on the developed land. As of 2016, existing facilities in the study are averaged 
approximately 500 acres with a cumulative capacity of 67 MW. Despite its potential for 
development of renewable resources, the Valley is also home to some of the richest, most 
productive farmland in the world and is home to rare plants, special status wildlife, and natural 
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habitats. The study team thus undertook a stakeholder-led process to identify least-conflict 
lands for solar development. The project identified 470,000 acres of least-conflict land, 
amounting to roughly 5 percent of the 9.5 million acres in the stakeholder study area (Berkeley 
Law 2016). The stakeholder work utilized the Data Basin San Joaquin Valley Gateway 
(www.sjvp.databasin.org), a web-based resource that provides mapping data to support land 
use analyses. Figure 9 from the Path Forward study, presented below, illustrates the composite 
mapping results of identified least-conflict areas. As shown below, the identified priority least-
conflict, least-conflict, and potential least-conflict areas are generally clustered within western 
Fresno and Kings Counties. 



 
Source: Berkeley Law. 2016. Path Forward Study, Figure 9 Least conflict composite output. 



E3-TNC’s benchmark of a typical utility-scale PV project (4 km2 [988 acres] for a 120 MW 
project) is roughly equivalent to the actual per-project capacity based on land size reported in 
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the San Joaquin Valley 2016 study area (500 acres, 67 MW per project). Using E3-TNC’s land 
development benchmark and E3-CP’s HES incremental capacity requirement, 100 percent 
buildout of the 470,000 acres of identified San Joaquin Valley least-conflict lands would yield 
54.6 GW, or approximately half of E3-CP’s HES PV solar buildout target of 102 GW.  



However, achieving 100 percent buildout of these priority lands within San Joaquin Valley is not 
realistic due to land development constraints that are typically addressed at the project level. As 
noted in E3-TNC: 



The resource potential values developed for the CPUC IRP RESOLVE model used only 5% 
of the total solar technical potential from the California RESOLVE zones, reflecting concerns 
about the level of conversion to industrial land use associated with developing the full 
potential in any given resource area. In the CEC study and this analysis, this assumption 
was expanded to 20% of the technical potential due to the increase in demand for clean 
electricity in 2050 relative to 2030. (Section 2.4.2, p. 14) 



Applying an 80 percent discount factor to the priority lands in San Joaquin Valley reduces the 
potential capacity in this region to only 10.9 GW, which is only 10 percent of E3-CP’s HES PV 
solar buildout target of 102 GW. Alternatively, solar development will need to be expanded onto 
lower priority lands, which in turn increases the level of uncertainty of successful development 
and could require more land overall to be developed.   



As noted in E3-TNC and the San Joaquin Valley Path Forward study, practical issues will need 
to be overcome to achieve even this level of development in the Valley as well as the 
development needed in other sub-regions to meet the HES goals. These challenges include: 



 Lack of transmission capacity serving the San Joaquin Valley requires prioritization of least-
conflict areas and right-sizing of new facilities for future expansion. 



 Solar PV permitting entails uncertainty and complexity, along with large soft costs 
associated with siting, deployment, operations and mitigation. Cooperation among federal, 
state and local agencies and solar and transmission developers and other stakeholders is 
essential but not assured. Given their land use authority and role in environmental pre-
clearance and advance mitigation, counties need funds for advance planning and upfront 
environmental review. 



 Lack of agreement concerning solar PV compatibility with agricultural and habitat values. 
Solar PV development may be compatible with agricultural uses and species habitat on a 
case-by-case basis, provided the development is completed according to best practices on 
installation and configuration. As noted in the Path Forward study: 
However, there is uncertainty regarding the overall market potential, rural economic 
development capability, and specific solar configurations that may be compatible with 
agricultural and habitat values. Due to the recent growth of the industry, little long-term data 
exist regarding the environmental impacts of solar PV. Solar PV projects may be compatible 
with habitats for some species and with some forms of agriculture, particularly livestock 
grazing. However, the scarcity of sufficient long-term surveys and appropriately vetted 
information stands in the way of broad acceptance of solar compatibility with some 
agricultural and habitat values (p.66). 



The San Joaquin Valley Path Forward Study concludes: 



The San Joaquin Valley process resulted in a credible snapshot of significant least-conflict 
lands for solar PV development. But it also underscores the remaining complex issues that 
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warrant additional conversation, if the Valley is to realize its full potential as part of 
California’s renewable energy future. These issues include how best to balance renewable 
energy interests with agricultural interests and conservation of wildlife and natural 
communities in a rapidly changing environment. This effort is therefore just a start. The 
opportunity remains to continue the conversation and act on consensus recommendations 
that can simultaneously protect sensitive wildlife, conserve farmland, and help meet 
California’s renewable energy goals while promoting economic development in the San 
Joaquin Valley (p.68). 



4.2.2 Desert Renewable Energy Conservation Plan 
E3-TNC’s Full West SL4 constrained scenario places approximately 24 percent of solar future 
solar development in the Mojave and Colorado/Sonoran desert regions region of Los Angeles, 
Imperial, Riverside, San Bernardino, and Inyo Counties. Sub-regions of development include 
Antelope Valley, Victorville, and Lucerne Valley; central Imperial Valley; and eastern Riverside 
County’s Blythe area. These areas generally align with the study area of the U.S. Bureau of 
Land Management’s (BLM) Desert Renewable Energy Conservation Plan (DRECP) area. The 
DECRP is a landscape-scale planning effort to facilitate renewable energy development while 
also conserving sensitive desert resources, which also underscores the challenges and conflicts 
in permitting and developing renewable resources. The BLM, under its Land Use Plan 
Amendment (LUPA) to the California Desert Conservation Area Plan, and Bishop and 
Bakersfield Resource Management Plans, manages 10.8 million acres of land in the DRECP 
and nearby areas. In total, the DRECP planning area covers 22.5 million acres of land in 
California focused in the Mojave and Colorado/Sonoran desert regions, where some of the best 
solar, wind, and geothermal resources in the nation are located (BLM, 2016). As part of the 
planning process, the BLM and cooperating DRECP agencies, identified areas appropriate for 
renewable energy development, as well as areas important for biological, environmental, 
cultural, recreation, social, and scenic conservation. A total of 6.5 million acres were designated 
to conserve biological, cultural, and other values. Approximately 3.6 million acres were 
recognized for recreational values and protected from development. Within these two areas, 
totaling approximately 10.1 million acres (or almost half of the DRECP planning area), 
renewable energy development is generally prohibited. Renewable energy may be permitted in 
approximately 800,000 acres. Within that area, specific development areas with streamlined 
permitting processes totaled only 388,000 acres, or 3.6 percent of the LUPA area (CEC and 
BLM 2019). 



Figure 5 from the DRECP, presented below, illustrates the composite mapping results of the 
study’s identified development focus areas (purple areas). These “preferred alternative” lands 
are generally clustered within Antelope Valley, Victorville, Lucerne Valley and other West 
Mohave sub-regions; central Imperial Valley; and eastern Riverside County’s Blythe area. 



Using E3-TNC’s land development benchmark and E3-CP’s HES incremental capacity 
requirement, the hypothetical buildout of 100 percent of the maximum 800,000 acres available 
for potential project siting would yield 97 GW, or nearly all the land needed to achieve E3-CP’s 
HES PV solar buildout target of 102 GW. However, as with San Joaquin Valley and other 
regions, numerous development challenges apply in the Mohave and Sonoran Desert regions, 
on both federal and private lands, suggesting that achieving 100 percent buildout on BLM’s 
California desert lands is not realistic. Applying an 80 percent discount factor to account for site-
specific land development constraints (consistent with E3-TNC methodology) reduces this 
potential capacity to 19.4 GW, or about 20 percent of the HES buildout target. Full development 
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of the priority lands (388,000 acres) available for streamlined permitting processes would yield 
46 GW, or nearly half of E3-CP’s HES PV solar buildout target of 102 GW. However, applying 
an 80 percent discount factor (consistent with E3-TNC methodology) reduces this potential 
capacity to only 9.2 GW, which is less than 10 percent of the state’s buildout target. 



Though BLM and other federal agencies have established robust datasets to facilitate project 
siting (e.g., Corridor Mapper, Solar Mapper), federal development review processes are 
extensive and costly multi-year efforts, including exhaustive National Environmental Policy Act 
(NEPA) review, Tribal and interagency consultations, and public debate in parallel with affected 
county California Environmental Quality Act (CEQA) reviews and public policy debates. These 
processes can stall or stop development, greatly increase costs, and thus reduce the likelihood 
that lands sufficient to meet the HES goals are developed.  



As with the San Joaquin Valley, alternative sites will need to be identified in less optimal 
locations in order to meet HES targets, thus again increasing the level of uncertainty of 
successful development at the levels necessary to meet the HES and potentially increasing the 
amount of land overall the will need to be developed. 



 
Source: CEC and BLM 2019. Desert Renewable Energy Conservation Plan, Figure 5 Preferred 
Alternative. 
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4.2.3 Northern Central Valley  
E3-TNC identifies California’s northern Central Valley as another area of potentially intensive 
solar development. In E3-TNC’s Full West SL4 constrained scenario approximately 9 percent of 
new solar development is sited in the three-county region of Solano, Sacramento and Yolo 
counties. This region has experienced relatively few large-scale solar developments to date. 
According to the CEC, the 10-county region that makes up the Northern California RESOLVE 
zone provides a cumulative 2020 solar PV capacity of 55.7 MW (CEC 2021b). Of this amount, 
about 30 MW are generated in two counties (17.4 MW in Tehama County, and 12.1 MW in Yolo 
County). Using E3-TNC’s land development benchmark, this represents approximately 2 km2, or 
about 460 acres of cumulative solar PV development.  



There are few comprehensive studies of suitable land development in this region. The CEC’s 
California Statewide Energy Gateway, a portal for statewide, regional, and county studies 
(https://caenergy.databasin.org/), lists a limited set of baseline resource studies, but provides no 
relevant siting studies for the Northern Sacramento Valley and Modoc Plateau planning regions. 
Thus, there is even less certainty over potential success of development in the Sacramento 
Valley and foothill rangelands than in the better-studied San Joaquin Valley and Mohave 
regions.  



This area has not historically seen extensive solar development and has a high existing 
agricultural job base, as well as biological and non-biological resources that could be impacted 
due to the likelihood of development on farmland and rangeland. The Butte County Habitat 
Conservation Plan (HCP) (Butte County 2015) provides a snapshot of typical resources in this 
region. The HCP describes landscape characteristics of 564,219 acres in western Butte County. 
This area consists of the western lowlands and foothills of the northern Central Valley. The 
resources described in this HCP are typical of the northern Central Valley that are within the 
mapped area for solar development for the in-state, part-west, and full-west SL3 and SL4 
scenarios. The HCP lists biological resources including threatened and endangered species 
(including the willow flycatcher, greater sandhill crane, Sierra Nevada red fox, and green 
sturgeon), and non-biological resources (including agricultural resources, water resources, 
noise, recreation, and visual resources) that would could be impacted by future development. 
The magnitude of development in this region under these scenarios is comparable, or 
potentially greater than the land areas mapped for development in the San Joaquin Valley under 
the full-west scenario described above.  



In summary, while the E3-TNC study assumes that roughly 70 percent of the overall land 
development necessary for the HES will occur in the combined San Joaquin Valley and 
Mohave/Sonoran desert regions, as shown in Table 4-1 below, after discounting for permitting 
and other constraints, the combined available land within these two regions would meet only 30 
percent of the total HES needs. The remaining 70 percent of HES lands would presumably be 
developed in regions of the state that have not been studied for renewable energy development 
at a programmatic level, such as northern Central Valley, coastal ranges, or private lands. 
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Table 4-1: Summary of Buildout Potential in Previously Studied California Regions 
Solar 
Development 
Region  



Priority Buildable 
Land Identified in 



Prior Studies 
(km2 and Acres) 



GW Potential 
at Full 



Buildout  



80 Percent 
Discounted GW 



Potential 



Percent of HES Solar 
Requirement (102 
GW) at Discounted 
Buildable Potential 



San Joaquin 
Valley 



1,903 (470,000)(1) 57 11.4 11.2 



DECRP Mohave 
and Sonoran 
Deserts 



3,239 
(800,000)(2) 



97 19.4 19.1 



Total 5,142 
(1,270,000) 



154 30.8 30.3 



Balance of 
California 



    69.2  69.7 



(1) San Joaquin Valley Path Forward Study (Berkeley Law 2016) 
(2) Desert Renewable Energy Conservation Plan (BLM 2016) 



 



4.3 Project-Level Development Constraints 



Land development at the scale contemplated by the HES buildout scenarios is unprecedented 
and, given past experiences with permitting renewable energy projects in California, will be very 
challenging, and potentially infeasible, from a practical standpoint. The SB 100 Joint Agency 
Report acknowledges that one of the key factors in achieving the HES is the current regulatory 
structure for project approvals:  



SB 100 is a state energy policy, but project implementation is a local process and must 
address local resource values. Today, most of California’s local jurisdictions are not 
equipped with plans achieve the state’s energy goals (CEC 2021a. SB 100 Joint Agency 
Report, p.37). 



E3-TNC notes the uncertainties in land development and consequences for eventual buildout of 
the various HES scenarios studied in their analysis: 



Enabling conditions for access to best regional resources and more optimal inter-state 
resource sharing are uncertain, but some programs and institutions are in place. Changes in 
any of the following conditions can drive the future toward any one of the scenarios in this 
study: transmission access (planning, approval, financing and construction of new lines, and 
agreements on acceptable uses for these new lines), market structure (e.g., Energy 
Imbalance Market), regulatory framework (existing definitions of three types of Renewable 
Portfolio Standard eligibility may not easily allow out-of-state resources to qualify towards 
meeting RPS mandates), and the governance framework for inter-state resource sharing. 
(p.43) 



Development at any single site is subject to a wide range of considerations for the developer, 
and large areas of suitable land can be dismissed for a wide range of reasons. Potential hurdles 
at the project level include: 



 Land acquisition, lease costs, and price escalation (discussed below) 
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 Cost and availability of electrical distribution tie-in and related planning issues - 
transmission capacity, required network upgrades, Power Purchase Agreement (PPA) 
negotiations, delayed or modified interconnection studies 



 Distance to distribution tie-in, and required property easements 



 Impaired site conditions such as subsurface impacted soils, grading, or other site 
modification requirements that substantially increase site preparation costs  



 Lack of seller interest, or potential for seller or lessor resistance 



 Insufficient parcel size or complex ownership structure 



 Financing 



 Local, state and federal permitting hurdles including CEQA review and associated mitigation 
commitments including land conservation easements 



 Community resistance 



 Local and county-level policies and ordinances 



 Site-specific resource constraints 



Land and right-of-way acquisition is a key factor in capital projects. Some observers of 
California’s high speed rail project have suggested that this is one of the leading causes for 
cancellation of major sections of California’s high speed rail project, and that one of the biggest 
problems with the project involves challenges with land acquisition, which has contributed to 
construction delays, cost increases, litigation and the launch of a federal audit (Vartabedian 
2019). 



4.3.1 Cost of Land for the HES 
Land costs for solar and wind development for the HES scenario are highly uncertain, but could 
be material, especially the foregone environmental value. This section estimates that 
statewide costs range from $8.4 to $84.0 billion. A significant portion of the costs will 
occur in San Joaquin Valley, where the range is from $3.8 to $39.0 billion. These estimates 
include both the direct financial costs of land acquisition, which are not included in the Resolve 
LCOE, and the indirect loss of environmental value, which are often borne by the population 
living near the acquired land.  



Table 4-2 summarizes the direct land acquisition costs. It shows the estimated county-level and 
total land acquisition costs using reasonable, alternative assumptions about the key cost 
drivers. The amount of land acquired in each county are based on GIS data described in 
Section 4.4.2 of this report. County-level farmland acquisition costs are from the USDA 2017 
Census of Agriculture (USDA 2017). The USDA Census of Agriculture is conducted every 5 
years, and includes all farms “from which $1,000 or more of agricultural products were produced 
and sold, or normally would have been sold, during the census year” (USDA 2017). As part of 
the census, respondents are asked to estimate the market value of their farming land and 
buildings that they own. The market value of land and buildings is used because solar 
development would affect not just the land itself, but also any buildings on the land that are 
replaced by solar. 



The direct acquisition costs range from $0.1M per km2 in Inyo County to $6.1M per km2 in San 
Diego County, with an average of $2.8M (in 2020 dollars) (USDA 2017). Average estimated 
pastureland market values are $0.6M per km2. There is insufficient information to determine the 
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proportion of land for solar and wind development that will come from farmland vs. pastureland; 
thus, we provide costs for two alternative scenarios: 



 Alternative 1: 100 percent of the land used for solar and wind projects will come from 
pasture land.  



 Alternative 2: 62 percent of the land will come from pasture and 38 percent will come from 
cropland (see Section 4 of this report). 



The table shows that the direct costs of land acquisition to meet the HES range from $2.2 to 
$4.9 billion, a value that is not included in RESOLVE. The end of Table 4-2 shows that 
approximately 45 percent of the land is in the San Joaquin Valley,44 with a cost range from $0.9 
to $2.0 billion, about 40 percent of the total costs. 



Table 4-2: Summary of Land Acquisition Direct Costs  



County Estimated Area All Pasture  62% Pasture, 38% Crop 



 Solar (km2) Cost ($millions) Cost ($millions) 



Alameda 0.7 0.3 0.7 



Contra Costa 0.3 0.1 0.3 



Fresno 298.2 205.5 463.2 



Imperial 54.4 36.8 82.8 



Inyo 25.1 0.9 2.1 



Kern 432.9 193.9 437.0 



Kings 50.3 33.0 74.4 



Lassen 13.1 1.7 3.8 



Los Angeles 36.9 41.6 93.8 



Madera 20.8 13.9 31.2 



Merced 56.1 44.6 100.5 



Mono 7.2 0.8 1.9 



Monterey 18.6 8.3 18.8 



Placer 4.4 1.8 4.1 



Riverside 237.8 261.8 590.0 



Sacramento 90.2 55.0 123.9 



San Bernardino 308.4 372.3 839.2 



San Diego 109.9 154.8 348.9 



San Joaquin 225.0 205.0 462.2 



San Luis Obispo 229.2 104.9 236.5 



Santa Barbara 151.7 95.6 215.4 



Solano 91.2 50.6 114.1 



                                                      
44.  Includes Fresno, Kern, Kings, Madera, Merced, San Joaquin, Stanislaus, and Tulare counties. 
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County Estimated Area All Pasture  62% Pasture, 38% Crop 



Stanislaus 148.7 140.9 317.6 



Sutter 5.9 3.4 7.7 



Tulare 42.4 30.2 68.1 



Yolo 63.5 37.4 84.3 



Total 2,723.1 2,095.2 4,722.6 



    



Wind (km2) Cost ($millions) Cost ($millions) 



Los Angeles 68 76.7 172.8 



Other 12 7.7 17.4 



Total 80 84.4 190.2 



    



Solar + Wind Total 2,803.1 2,179.6 4,912.8 



San Joaquin Valley 1,274.5 867.0 1,954.1 



Other 1,528.6 1,312.6 2,958.6 



The indirect land costs are the lost environmental value of ecosystem services because of the 
land use conversion. Ecosystem services, also called natural capital or nature’s benefits, are the 
benefits that natural systems provide to society. Benefits include carbon sequestration, habitat, 
biodiversity, water storage and quality, aesthetics, recreation, and soil quality. For example, 
rangeland can often improve water quality. When this ecosystem service is lost, its’ value can 
be measured by estimating the water treatment costs that would be required to provide the 
same level of improvement in water quality.  



Ecosystem services are often categorized into provisioning, regulating, habitat, and cultural 
services (see figure). Some beneficial services, such as provisioning services, tend to accrue to 
the owner of the land and may have market values, while others, such as habitat and regulating 
services, benefit the public at large and are rarely traded in markets for a price. Because these 
services are not traded in markets, there is no easily collectable data about their value or prices. 
Typically, the value must be inferred from detailed site-specific calculations or from the results of 
other site-specific studies for similar natural resources (i.e., value transfer studies).  
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Source: CRT 2021.  



A recent study by the California Rangeland Trust (CRT 2021) provides useful, order of 
magnitude estimates of the value of lost ecosystem services that may occur because of land 
conversion to renewable development necessary for the HES. The Trust funded a study to 
estimate the value of ecosystem services on the over 300,000 acres that they maintain as 
rangelands through conservation easements. These values reflect the total value of the 
ecosystem services; they are not adjusted to reflect the percent of total services that would be 
lost as a result of a particular type of land use conversion. Using benefit values from other 
studies, the CRT study estimates the lands with conservation easements provide ecosystem 
service values of between $1,100 and $4,500 per acre per year (CRT 2021).  



The range is due to the difference in the source and type of studies included in the value 
transfer. The high-end values use a traditional benefits transfer approach, relying on consumer 
surveys that ask people how much they would be willing-to-pay to protect lands that provide 
different types of ecosystem services. The low-end values are developed using an ecosystem 
value database study that estimated global average per acre values for three biomes: 
grassland, woodland, and temperate forest (CRT 2021). These estimates can be a combination 
of consumer surveys and engineering estimates of avoided costs.  



The average annual values described above can be translated into a present value, which is 
conceptually similar to a market value, of between $20,900 and $82,600 per acre. It is worth 
noting that the CRT uses a discount rate of 5 percent. The discount rate is used to convert 
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values that are provided in the future into present day dollars. The higher the discount rate, the 
lower the future value. The USEPA and most government agencies use a discount rate of 3 
percent. Using a rate of 3 percent increases the present value to between $29,400 and 
$116,500 per acre. Finally, the extent to which these services will be lost because of solar 
development is unclear. It is unlikely that all of the services will be lost (e.g., micro-siting can 
often avoid wetlands or other site-specific resources) and mitigation options could be 
implemented to reduce the losses.  



Table 4-3 provides directional estimates of the potential loss of ecosystem services that might 
result from the HES scenario. It underscores both the potential magnitude and uncertainty of the 
losses. The table shows the range of potential losses to the area of 2,803 km2 (from Table 4-1) 
under several scenarios, varying the following components and assumptions:  



 Present value: Using the high and low per acre present values from the CRT, calculated 
over the same period as the CRT analysis, 50 years (CRT 2021). 



 Discount rate: Using the CRT discount rate of 5 percent, and the U.S. Environmental 
Protection Agency (USEPA) discount rate of 3 percent. 



 Percent of services lost: Incorporating a range of estimates for the percent of services lost 
because of the conversion. Because no data are available about the losses, the impacts are 
shown with a 50 percent loss and a 100 percent loss.  



The results show that ecosystem service losses could range from $7 to $81 billion, depending 
on the underlying assumptions. In the San Joaquin Valley, this impact ranges from $3 to $37 
billion. 



Table 4-3: Summary of Potential Ecosystem Service Losses 



Discount Rate 
Scenario 



Discount 
Rate 



Present Value 
per acre  



50 Percent 
Service Loss 



$billions 



100 Percent 
Service Loss 



$billions 



Statewide 



Low-end CRT values 5% $20,900 7 14 



High-end CRT values  5% $82,600 29 57 



Low-end CRT values  3% $29,400 10 20 



High-end CRT values  3% $116,500 40 81 



San Joaquin Valley 



Low-end CRT values 5% $20,900 3 7 



High-end CRT values  5% $82,600 13 26 



Low-end CRT values  3% $29,400 5 9 



High-end CRT values  3% $116,500 18 37 
 



4.3.2 Regional and Local Approval Issues 
Recent and ongoing development efforts illustrate the complexities of land development for 
industrial scale renewables. As noted above, there is a tension between the wide range of 
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stakeholders, who are very supportive overall of climate change reduction policies but not 
necessarily supportive of the land development that is required to achieve these objectives, 
resulting in a “green vs. green” debate at both the policy and project level. For example, San 
Bernardino County, which has a long history with utility-scale renewable energy development, 
captures this point in their General Plan Renewable Energy and Conservation Element: 



Although renewable energy provides a path to a clean energy future, [renewable energy] 
facilities have the potential to cause unintended negative effects on sensitive biological 
species and habitat, visual resources, cultural resources, and nearby communities. To 
achieve a clean energy future that minimizes negative effects consistent with local values, 
the County has considered how to reduce energy use through energy efficiency and 
conservation measures, and identified renewable energy facility standards that concentrate 
on community-oriented RE facilities that produce electricity for local consumption. (County of 
San Bernardino 2017, page 1)  



This statement suggests that the County is focused less on utility-scale renewable development 
that would be necessary to meet the HES, and more on local-serving renewables that may not 
be at the level required to achieve HES goals.  



Within the agricultural sector specifically, there is tension between agricultural preservation and 
renewable energy activists, as stated in Fresno County’s solar guidelines: 



The need to accommodate new renewable energy technology must be balanced with the 
need to protect important farmlands and minimize impacts to existing agricultural operations. 
(County of Fresno 2017)  



At a regional and county level where project entitlement decisions are made, land use policies 
generally support climate goals and renewable energy development but there is a growing body 
of policies and land use protective ordinances, driven by local resistance at both the project and 
regional level, that will further constrain development and – in combination with land acquisition 
and technical or financial factors – will increase uncertainty about the timing and cost of 
achieving the development necessary to meet HES targets.  



Stakeholders cite a range a reasons to oppose utility-scale renewable energy projects, including 
concerns over industrialization of rural areas; perceived blight and adverse aesthetic changes; 
physical environment changes (e.g., solar and wind may increase local surface temperatures; 
wind turbines may causes light flicker); loss of property tax revenue (e.g., in locations where 
wind and solar may be exempt from property taxes and thus reduce regional tax revenues); 
perceived adverse effects on property values from adjacent industrial development; and 
potential conflict with agricultural and other land uses (e.g., aircraft fertilization and pesticide 
application can be constrained by wind and solar development). 



In response to these concerns, some counties have enacted policies and ordinances that limit 
renewable energy development expansion. Conservation organizations are highly active 
stakeholders in this arena and it is likely that local agency reviews and stakeholder involvement 
will continue to limit the pace and scale of renewable development, potentially in a way that 
precludes the pace and size of development needed to meet the HES.  



A February 2021 report prepared by Columbia Law School’s Sabin Center for Climate Change 
Law provides state-by-state information on local laws to block, delay or restrict renewable 
energy and demonstrates that opposition to renewable energy is widespread. The cited cases 
include moratoria on wind or solar energy development; outright bans on wind or solar energy 
development; regulations that are so restrictive that they act as de facto bans on wind or solar 
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energy development; and zoning amendments that are designed to block a specific proposed 
project (Columbia Law 2021).  



California local ordinances cited in the report include: 



 San Bernardino County: In 2019, the San Bernardino County Board of Supervisors banned 
“utility oriented renewable energy” in rural areas. The law does allow individual household 
solar panels and community solar projects. 



 San Diego County: San Diego County limits small wind turbine height to 80 feet regardless 
of parcel size (contrary to state law requiring that small wind turbine regulations allow 
turbines to be at least 100 feet). 



Contested projects cited in the report include: 



 Aramis and SunWalker Solar Projects: The Aramis (410 acres) and SunWalker (70 acres) 
solar projects, near Livermore, have been met with opposition by local politicians and 
interest groups. The Aramis project is discussed further below.  



 Panoche Valley Solar Project: In 2009, San Benito County approved a 399-MW solar facility 
near the town of Hollister. Shortly thereafter, the Sierra Club, the Santa Clara Valley 
Audubon Society and Defenders of Wildlife sued the county, alleging that the project 
endangered key populations of native species. The parties reached a settlement in 2019, 
reducing the size of the project to one-third of the original plan. This project is discussed 
further below. 



 Terragen Wind Project: In late 2019, Terragen Wind applied to the Humboldt County Board 
of Supervisors to construct 47 wind turbines on the Monument and Bear River ridges near 
Scotia. This proposal was met with opposition by members of the local community, who 
argued that the ridges were sacred prayer sites of the Tsakiyuwit tribe. The Board of 
Supervisors ultimately denied the project application.  



Table 4-4 lists these and additional examples of existing county policies and ordinances that 
limit renewable development, and examples of agency and public opposition to renewable 
energy projects.  
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Table 4-4: Examples of California County Renewable Energy Policies and Impacted Projects. 
County  2020 Installed 



Solar (MW)(1) 
Renewable Energy Local Policies, 



Ordinances, and Project Cases 
Project Development Implications 



Southern California 



Los Angeles 
County 



1242 Los Angeles County Renewable Energy 
Ordinance 



Prohibits utility-scale solar facilities in Significant Ecological Areas 
(SEAs) and Economic Opportunity Areas (EOAs), and prohibits all 
utility-scale wind facilities (2) 



Southern Owens Valley Solar Project  
(200 MW) 



Project proposal for the 1,200 acre project was withdrawn due to 
community opposition (3) 



Riverside County 2043 Riverside County Board of Supervisors Solar 
Ordinance 



Ordinance requires solar project owners to pay an annual fee of 
$150 per acre of land involved in power generation with an annual 
increase of 2% (4) 



San Bernardino 
County 



1725 County of San Bernardino Resolution No. 
2019-17, Amendment to the General Plan 
Renewable Energy and Conservation Element 



Policies restrict where utility-oriented renewable energy projects can 
be sited (5) 



Soda Mountain Solar Project  2,059-acre, 287 
MW) 



County Board of Supervisors voted against the project due to 
conservation groups’ opposition (6) 



Imperial County 1639 Tessera Solar/ Imperial Valley Solar Project 
(709 MW) 



Project halted due to tribal opposition and nearby historical sites (7) 



San Diego County 147.6 JVR Energy Park Project (70 MW) Local planning board voted to request a reduction for the 650-acre 
utility solar project due to community opposition (8) 



Central California 



Fresno County 1008 Cal. Farm Bureau Federation v. County of 
Fresno 



Stakeholder sued the County for the cancellation of Williamson Act 
Contracts to build a 20,000 acre utility solar project.(9) 



County of Fresno Solar Facility Siting 
Guidelines 



Policy for restricting solar development on farmland (10) 



Alameda County 17.8 Aramis Renewable Energy Project  (400 
acres, 100 MW) 



Community opposition and litigation to protect rangeland (11) 
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County  2020 Installed 



Solar (MW)(1) 
Renewable Energy Local Policies, 



Ordinances, and Project Cases 
Project Development Implications 



Northern California 



Inyo County N.A. Inyo County Renewable Energy General Plan 
Amendment  



Policy sets acreage restrictions and allowable megawatt 
development for areas in four designated solar energy development 
areas. (12) 



Hidden Hills Solar Project (500 MW) Project withdrawn by owner due to County Commission and 
environmental group opposition (13) 



San Benito 
County 
 



146 
 



Panoche Valley Solar Project  (399 MW) Project was scaled back by 117MW due to a settlement agreement 
with three environmental groups (14) 



SunWalker Solar Project (70 acres, 155 MW) Project scaled back due to community opposition. 



Humboldt County 8.5 Terragen Wind Project  (47 turbines) County Board of Supervisors voted to deny the project due to 
community opposition and multiple cultural and ecological impacts 
(15) 



Napa County 2. Napa County Renewable Energy Ordinance  Policy created to prohibit commercial solar projects from some 
agricultural land use zones (16) 



Tehama County 17.4 Napa County Renewable Energy Ordinance  County Board of Supervisors denied two projects due to the 
incompatibility with the proposed land's Williamson Act contracts 
(17) 



Out of State 



Clark County, NV 812 Clark County Solar Ordinance County ordinance allowing development on farmlands received 
opposition from hundreds of local community members (18) 



Gemini Solar Project (7,100 acres, 690 MW) Project delayed due to historic significance of the nearby region and 
controversy due to its multiple environmental impacts (19) 



Benton County, 
WA 



N.A. Horse Heaven Ridge Wind and Solar   WDFW requests removal of wind facilities due to ridgeline wildlife 
impacts (20) 



(1) CEC 2021b. California 2020 Installed In-State Electric Generation Capacity by Fuel Type (MW).   
(2) County of Los Angeles Board of Supervisors. 2017. Renewable Energy Ordinance Amending Title 22.  
(3) https://sierrawave.net/press-release-from-manzanar-committee-owens-valley-committee-on-solar-projects/ 
(4) Riverside County Board of Supervisors. 2013. Solar Power Plants Policy B-29 
(5) http://www.sbcounty.gov/uploads/LUS/Renewable/2019_WEBSITE/RES-LUS-2-28-19-RECE_SIGNED.pdf 
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(6) https://pv-magazine-usa.com/2016/08/25/san-bernardino-county-rejects-287-mw-soda-mountain-solar-project/ 
(7) https://www.sandiegouniontribune.com/sdut-judge-blocks-imperial-valley-solar-project-2010dec17-htmlstory.html 
(8) https://www.sandiegouniontribune.com/business/story/2021-07-09/sd-county-planning-commission-recommends-approval-of-jacumba-solar-project 
(9) https://www.cleanenergylawreport.com/energy-regulatory/farmers-advocacy-group-enters-foray-against-solar-energy-siting/ 
(10) https://www.co.fresno.ca.us/departments/public-works-planning/divisions-of-public-works-and-planning/development-services-division/planning-and-land-



use/photovoltaic-facilities-p-1621 
(11) https://www.pleasantonweekly.com/news/2021/04/21/livermore-community-groups-sue-alameda-county-for-approving-aramis-solar-project 
(12) https://www.inyocounty.us/sites/default/files/2020-04/FinalREGPA33015.pdf 
(13) https://www.kcet.org/redefine/company-to-withdraw-proposed-solar-tower-project-in-inyo-county 
(14) https://pv-magazine-usa.com/2017/07/25/the-panoche-valley-solar-farm-gets-downsized/ 
(15) https://www.northcoastjournal.com/NewsBlog/archives/2019/12/17/why-the-supes-denied-terra-gens-wind-project-despite-a-series-of-11th-hour-



concessions-from-the-company 
(16) https://www.countyofnapa.org/DocumentCenter/View/14809/Renewable-Energy-Ordinance-Draft-10-25-2019 
(17) https://www.chicoer.com/2013/05/01/tehama-county-rejects-solar-projects-on-farm-land/ 
(18) https://www.centralwinews.com/a-main/2021/05/25/clark-county-to-develop-wind-and-solar-ordinance/?destination=tribune-phonograph 
(19) https://www.reviewjournal.com/opinion/editorials/editorial-environmentalists-oppose-building-largest-solar-plant-in-us-1693225/ 
(20) https://www.efsec.wa.gov/energy-facilities/horse-heaven-wind-project 
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In addition to the challenges from local renewable energy policies and project objection, project 
approvals are highly dependent on local agency reviews and the estimated effectiveness of 
mitigation for project impacts. Each proposed solar and wind project, as well as major grid 
upgrades and storage projects, will require analysis under CEQA and, where applicable NEPA 
and associated federal agency consultations for biological and resources effects, and in certain 
cases require “take” permits for listed species and/or federal and state waters permits, among 
other things.  



Many of the mitigations required for significant impacts, such as offsetting land conservation 
easements and other short-term and long-term commitments, add substantial new costs to the 
project and, in many cases, need to be implemented prior to project approval and construction.  



Agha et al (2020) performed a literature review of wind and solar project biological resource 
mitigation strategies, and evaluated their general effectiveness. The study provides evidence of 
successful mitigation within complex biological environments, and recommends continued 
research to address data gaps. The study provides a positive outlook on the continued 
improvements for effective mitigation on large scale renewable projects, but also acknowledges 
the limitations of existing data. The study concludes, in part that: 



[T]he ecological effects of utility-scale renewable energy development on wildlife are still 
fraught with substantial uncertainties, largely due to the lack of [before-and-after-control- 
impact] BACI studies and mitigation strategies being mostly species-specific.(Agha et al 
2020).  



There are also additional and reasonably foreseeable costs and delays associated with CEQA 
or NEPA litigation. Solar and wind projects have been required to implement technically novel 
and costly mitigation for impacts to avian species (e.g., radar detection coupled with rotor 
shutdowns and large-scale species relocation and preservation requirements) and several have 
been subject to CEQA or NEPA lawsuits, which significantly increases project cost and delays 
development. 
As new projects are proposed in areas where there is existing solar and wind development, the 
cumulative effects may be magnified, and stakeholder involvement may intensify. In areas that 
are only beginning to experience utility-scale development, the local response may be less 
understood, leading to prolonged studies and project revisions, and even higher uncertainties, 
even if there is apparent support by the local agency decision-makers. The CEQA and NEPA 
review processes are designed to be adaptable to addressing these issues, but these 
processes do not provide assurances of project success to prospective developers and thus 
many may choose not to participate in development of these projects or project costs may 
increase by significant amounts in order to meet environmental review, litigation, mitigation, and 
public process costs.  



The specific projects discussed below provide further insights into the project-level challenges 
and costs of permitting renewable development that may hamper California’s ability to develop 
renewable resources at the rate necessary to meet HES goals. 



Aramis Solar Project, Alameda County 
The Aramis Solar Energy Generation and Storage Project in the North Livermore community of 
Alameda County proposes to construct 100 MW of solar PV on 350 acres within a 747-acre site 
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that is currently used for grazing and dry land farming (Ruggiero 2021).45 If constructed, this will 
be one of the largest solar projects in the San Francisco Bay Area. Alameda County’s CEQA 
analysis determined that the project would have a less-than-significant impact on Agriculture 
and Forestry Resources. Two residents running in the election for the Alameda County Board of 
Supervisors, in partnership with citizen group Save North Livermore Valley, urged the board to 
place a moratorium on solar development on agricultural land. Opponents of the project argue 
that the project's locations “conflict with agriculture, natural habitat, open space, and visual and 
scenic resources.” The East County Board of Zoning Adjustments approved the Aramis and 
Sunwalker (70-MW) projects. As of December 2020, four separate appeals had been filed 
(Columbia Law 2021). Soon after Alameda County issued a Conditional Use Permit in March 
2021, several newly created non-governmental organizations, formed by community ranchers, 
farmers, and environmentalists solely to oppose Aramis, filed suit. Litigation is ongoing at the 
time of this report preparation.  



A media quote from a local stakeholder representative sums up the Aramis project developer’s 
challenge and a larger pattern of utility-scale renewable project development challenges in rural 
lands: 



North Livermore is particularly important in terms of its heritage of grazing cattle, 
scenic areas, and habitat for threatened and endangered species. While we support 
the need for renewable energy to combat climate change, we cannot justify allowing 
solar projects to destroy the environment in the name of protecting it,” said Tamarus 
Reus, president of the Friends of Open Space and Vineyards board in a statement. 
(Ruggiero 2021) 



Panoche Valley Solar Project, San Benito County, California  
After years of opposition from environmental groups and substantial agency and stakeholder 
input, a project in San Benito County, promoted at the time as one of the world’s largest solar 
power projects, was scaled back from 399 MW to 130 MW in a settlement with environmental 
groups and the State of California. After a Conditional Use Permit was issued to the original 
project by San Benito County in 2015, which would have generated the county $5.4 million in 
sales tax, environmental groups sued to challenge the Final Supplemental Environmental 
Impact Report asserting that the County had not adequately protected the endangered giant 
kangaroo rat, blunt-nosed leopard lizard, and San Joaquin kit fox, along with bird species such 
as the tri-colored blackbird that live in the ranchlands (Hanson, 2017). While these lawsuits 
failed, according to the developer Con Edison, the “company signed the agreement because 
even though the environmental groups had lost multiple lawsuits over the project, they still had 
cases they could appeal that could have slowed or killed it” (Rogers, 2017). As part of the 
settlement agreement between the environmental groups and the California Department of Fish 
and Wildlife (CDFW), which reduced the size of the project, San Benito County would no longer 
receive any sales tax revenue.  



                                                      



45. Also see: https://ioi8o1p8x9p46guq1v415xb7-wpengine.netdna-ssl.com/wp-
content/uploads/2020/04/Aramis-fact-sheet.pdf, and 
https://baynature.org/2021/05/06/controversial-solar-development-east-bay/. 





https://ioi8o1p8x9p46guq1v415xb7-wpengine.netdna-ssl.com/wp-content/uploads/2020/04/Aramis-fact-sheet.pdf


https://ioi8o1p8x9p46guq1v415xb7-wpengine.netdna-ssl.com/wp-content/uploads/2020/04/Aramis-fact-sheet.pdf


https://baynature.org/2021/05/06/controversial-solar-development-east-bay/
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Horse Heavens Hills Wind, Solar, and Battery Storage Project, Benton County, 
Washington 
A 1,150 MW combined wind, solar, and storage project is proposed at the eastern end of the 
lower Columbia River Gorge in Benton County, Washington. The project would include up to 
244 wind turbines and 6,500 acres of solar sites at an estimated construction cost of $1.7 billion. 
Energy generated by the project is expected to be sold either in California or across the Pacific 
Northwest. In its June 2021 scoping comment letter, the Washington Department of Fish and 
Wildlife (WDFW) summarized the anticipated impacts to habitats and listed species; and noted 
the difficulty of mitigating these impacts in habitat that “represents some of the last remaining 
functional and uninterrupted shrub-steppe and natural grasslands in Benton County” (Ritter 
2021). A number of wildlife species would be impacted including migrating songbirds and 
sandhill cranes as well as burrowing owls and various hawk and falcon species, which 
commonly use the area as nesting or forage habitat. WDFW’s recommendations include 
removal of the wind turbines and associated gen-ties to preserve the ridgeline wildlife corridor 
and avoid impacts to the Ferruginous hawk, a state-listed threatened species; and other 
measures to protect pronghorn antelope and other terrestrial species and preserve wildlife 
connectivity. 
These project examples and the other projects described below are intended to illustrate a sub-
set of the development hurdles that increase cost, protract the development schedule (which 
can lead to financing and other logistical challenges), and/or limit the scale of individual large 
scale renewable developments (thus limiting investor interest), all together raising the level of 
uncertainty around the cost and feasibility of the HES target buildout.   



4.4 California Resource Impact Estimates 



4.4.1 State-Wide Impacts 
E3-TNC’s environmental impact results are presented as bar charts that indicate the amount of 
land (km2) required in California and other western states for solar, wind, and geothermal 
generation, and for grid interconnection buildout. An example of these results is provided in 
Figure 4-2. This figure provides excerpts from E3-TNC’s estimates of the total California land 
area required to achieve buildout (a range of approximately 2,000 to 5,000 km2 depending on 
the scenario), and, in this example, the estimated impacts to wetlands. 
For each scenario (In-State, Part-West, and Full West, constrained and unconstrained), and 
impact resource parameter, E3-TNC presents their results for the RESOLVE base case and 
Siting Levels (SL) 1 through SL4. For each SL, the estimated land areas needed for solar, wind 
and geothermal are further divided into “impacted” (darker shades) and “no impacts” (lighter 
shades). E3-TNC does not explicitly describe the threshold used to determine an “impacted” 
resource; rather, they describe two types of impacts – specific and generalized:  
 



The specific metrics (e.g., sage grouse habitat and wildlife linkages) were intended to 
explore areas of focus in current public discourse in energy planning forums. Thus, several 
specific metrics were chosen to explore trends and implications to key species. In contrast, 
the generalized metrics (e.g., impacts to Environmental Exclusion Category 3 lands) are 
meant to explore overall impacts to natural and working lands for a given resource portfolio. 
(E3-TNC p.25) 



For the purpose of this assessment, it is assumed that the physical land area indicated by E3-
TNC as “impacted” refers to development in areas that results in either specific or generalized 
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(i.e., direct or indirect) impact to the subject resource, as opposed to areas listed as “no 
impacts” which are assumed to completely avoid impacts to the resource.   



California has approximately 1.8 million acres of mapped freshwater wetlands, pond, and other 
water features, excluding marine estuaries, lakes, and rivers (NWI 2021). For the In-State 
constrained case46, E3-TNC concludes that solar and wind generation buildout (excluding 
transmission) would impact roughly 50 to 200 km2 (12,350 to 49,400 acres) of wetlands 
throughout California under the RESOLVE base case (i.e., RESOLVE zone with no siting 
constraints) or SL1 scenario, and less than 50 km2 impacts to wetlands would occur in 
siting levels 2, 3, and 4, as these scenarios would attempt to avoid such impacts. Similar 
acreage results are indicated for the Part West47 and Full West48 constrained cases and for the 
unconstrained cases49 (E3-TNC, Figures 26, 27, 30, and 31). Grid interconnection and 
transmission corridors could impact between 1 and 10 km2 (247 to 2,470 acres) of wetlands 
(E3-TNC, Figures 28, 29, 32, and 33). 



Figure 4-2: E3-TNC Wetland Impact Estimates 



Excerpt 1 from E3-TNC Results (from Figure 26): wetlands impacts (km2) for In-State (A) and Part 
West (B) scenarios, constrained case. 



 



 
Excerpt 2 from E3-TNC Results (from Figure 27): wetlands impacts (km2) for Full West scenario, 
constrained case. 



 



 



 
  



                                                      
46. Figure 4-2, excerpt 1, column A 
47. Figure 4-2, excerpt 1, column B 
48. Figure 4-2, excerpt 2 
49. Figure 4-2, excerpts 3 and 4 
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Excerpt 3 from E3-TNC Results (from Figure 30): wetlands impacts (km2) for In-State (A) and Part 
West (B) scenarios, unconstrained case. 



 



 



 
 
Excerpt 4 from E3-TNC Results (from Figure 31): wetlands impacts (km2) for the Full West 
Scenario, unconstrained case. 



 



 



 
Source: E3-TNC Figures 26, 27, 30, and 31. 
 



Summary of State-Wide Environmental Resource Impacts 
Table 4-5 provides a summary of E3-TNC’s estimated impacts (km2 and acres) to California 
state-wide resources based on the forecasted generation and gen-tie and transmission buildout 
across the full range of scenarios (out-of-state resource impacts are not tabulated but are 
shown in E3-TNC’s bar charts, such as in Figure 4-2 above, for wetlands). Results are 
summarized here for California wetlands, critical habitat, important bird areas, wildlife linkages, 
prime farmland, agricultural land, and rangeland. Results are listed as ranges of km2 and acres 
of impacted land based on interpretation of the bar charts in E3-TNC’s Figures 26 through 33. 
For each resource category, the state-wide area within California is provided as a baseline, 
where suitable data are available. The range of results indicates the variability of environmental 
resource impacts that would occur between the constrained and unconstrained cases and the 
In-State, Part West, and Full West scenarios at different siting levels.  
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Table 4-5: E3-TNC Estimates of California State-Wide Environmental Resource Impacts 
across Multiple Scenarios.  



Environmental Resource California State-
Wide Resource 



Area, km2 (acres) 



E3-TNC Estimated 
Impacts – Base Case 
and SL1, km2 (acres) 



E3-TNC Estimated Impacts – 
SL2 through SL4, km2 



(acres) 
Wetlands(1) 7,284 km2 



(1.8 million ac) (1) 
<50 to 200 



(<12,350 to 49,400) 
<50 to 100 



(<12,350 to 24,700) 
Critical habitat(2) 67,731 km2 



(16,736,801 ac) (2) 
50 to 400 



(12,350 to 98,800) 
5 to 50 



(1,235 to 12,350) 
Important bird areas(3) 23,299 km2 



(5,757,316 ac) (3) 
200 to 2,500 



(49,400 to 617,500) 
<50 to 1,000 



(<12,350 to 247,000) 
Wildlife linkages(4) 18,330 km2 



(4,529,688 ac) (4) 
100 to 1,600 



(24,700 to 395,200) 
<50 to 1,000 



(<12,350 to 247,000) 
Prime farmland(5) 36,421 km2 



(9,000,000 ac) (5) 
800 to 2,500 



(197,600 to 617,500) 
<50 to 2,000 



(<12,350 to 494,000) 
Agricultural land(5) 174,014 km2 



(43,000,000 ac) (5) 
300 to 2,000 



(74,100 to 494,000) 
400 to 4,000 



(98,800 to 988,000) 
Rangeland(6) 29,137 km2 



(7,200,000 ac) (6) 
700 to 3,800 



(172,900 to 938,600) 
800 to 3,800 



(197,600 to 938,600) 



Source: E3-TNC Tables 26-33. 
(1) National Wetlands Inventory, excluding marine, estuaries, lakes, bays, and rivers. Online at: 



https://www.fws.gov/wetlands/ 
(2) USDA Environmental Conservation Online System. Online at: https://ecos.fws.gov/ecp/report/table/critical-



habitat.html  
(3) Audubon. Online at: https://www.audubon.org/important-bird-areas/state/california   
(4) California State Geoportal, NSNF Wildlife Linkages. Online at: https://gis.data.ca.gov/datasets/CDFW::nsnf-



wildlife-linkages-cdfw-ds1005/explore?location=38.907405%2C-121.059465%2C7.89  
(5) California Department of Food and Agriculture. “Agricultural Land Loss & Conservation.” No date. Online at: 



https://www.cdfa.ca.gov/agvision/docs/Agricultural_Loss_and_Conservation.pdf    
(6) USEPA. “California Rangeland.” No date. Online at: https://www.epa.gov/sites/production/files/2015-



09/ca_rangeland_hay.doc   



These results indicate that every scenario will likely have some impacts across each 
environmental resource area. The actual impact on environmental resources will depend on the 
generation scenario and the degree of resource avoidance during project-level siting (SL1 
through SL4). In general as resource protection (siting level) increases, projects are increasingly 
located on agricultural lands and rangelands (which has its own impacts), rather than on other 
environmentally significant land. The range of results indicates the uncertainty of the impacts 
that will occur from future development.  



Table 4-6 provides a further detailed breakdown of state-wide estimates of impacted resources 
in California for solar and wind generation for each scenario, In-State, Part West, or Full West 
under either the base case and SL1 siting protections or under SL2 through SL4 siting 
protections and under constrained or unconstrained cases. Table 4-6 demonstrates that, in 
comparing In-State vs. Full West (larger geography) scenarios, in-state impacts are generally 
higher in all categories, including agricultural land and rangeland, especially in the constrained 
case. This is because development is spread across eight western states in the Full West 





https://www.fws.gov/wetlands/


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fecos.fws.gov%2Fecp%2Freport%2Ftable%2Fcritical-habitat.html&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437303189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=PwA8M5mCOq%2B%2FLg6kKiPprJEROY%2Fs%2F4StxqyTW1zGR4w%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fecos.fws.gov%2Fecp%2Freport%2Ftable%2Fcritical-habitat.html&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437303189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=PwA8M5mCOq%2B%2FLg6kKiPprJEROY%2Fs%2F4StxqyTW1zGR4w%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.audubon.org%2Fimportant-bird-areas%2Fstate%2Fcalifornia&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437303189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=90k3dPlTMKPGAYoHRXkoHJIoMPmw0E1d1S2hLGyQu4U%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgis.data.ca.gov%2Fdatasets%2FCDFW%3A%3Ansnf-wildlife-linkages-cdfw-ds1005%2Fexplore%3Flocation%3D38.907405%252C-121.059465%252C7.89&data=04%7C01%7C%7C320c66528f8d4c5d433d08d969b7c453%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657060253095748%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XQyxhrQuo0DvTd60h5xXJIWNTbmZ2gRpM4mT5gB5QEE%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgis.data.ca.gov%2Fdatasets%2FCDFW%3A%3Ansnf-wildlife-linkages-cdfw-ds1005%2Fexplore%3Flocation%3D38.907405%252C-121.059465%252C7.89&data=04%7C01%7C%7C320c66528f8d4c5d433d08d969b7c453%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657060253095748%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XQyxhrQuo0DvTd60h5xXJIWNTbmZ2gRpM4mT5gB5QEE%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cdfa.ca.gov%2Fagvision%2Fdocs%2FAgricultural_Loss_and_Conservation.pdf&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437313145%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=YZmiVy3oiMjwTT2iwqqZjyVqKJvIkLFthY%2FnnZGz3vc%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.epa.gov%2Fsites%2Fproduction%2Ffiles%2F2015-09%2Fca_rangeland_hay.doc&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437313145%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=hdwCvXorHqKF97oXoo3HyBfDLShRHeh6GRYc8RpIvdg%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.epa.gov%2Fsites%2Fproduction%2Ffiles%2F2015-09%2Fca_rangeland_hay.doc&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437313145%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=hdwCvXorHqKF97oXoo3HyBfDLShRHeh6GRYc8RpIvdg%3D&reserved=0
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scenario. For the unconstrained case, the pattern is similar, but the differences are less 
pronounced due to the greater flexibility in project siting. In comparing constrained (restricted to 
RESOLVE zones) vs. unconstrained scenarios, impacts of the constrained case are generally 
higher than unconstrained. This is generally due to the reduced flexibility available in project 
siting, leading to a reduced ability to avoid sensitive resources in the constrained scenarios. 











 



 
www.erm.com               Page 103 



FINAL ASSESSMENT REPORT - POTENTIAL IMPACTS OF 
CALIFORNIA’S HIGH ELECTRIFICTION SCENARIO 
 



LAND USE AND ENVIRONMENTAL ANALYSIS 



Table 4-6: E3-TNC Estimates of State-Wide Impacted Resources in California by Solar Generation and Gen-Tie for Selected Siting Scenarios (km2)(1) 



 



 
California 
Resource Wetland Critical Habitat Important Bird Areas Wildlife Linkages Prime Farmland Agricultural Land Rangeland Reference 



 Siting Level (2) 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4 
Base case, 



SL1 SL2-SL4  
Scenario                                



Generation In-State Constrained  <50-100  <50 150-300 <50 1000-1200 <50-600 300-500 <50-500 1200-1800 <50-1800 1500-2000 1500-2500 1800-2200 1500-2500 E3-TNC Figure 26 



Generation Part West Constrained  <50-100  <50  50-100  <50 600-800 <50-500 200-300 <50-300 800-1200 <50-1400 1000-1200 1200-1800 1200-1500 1200-1600 E3-TNC Figure 26 



Generation Full West Constrained  <50-100  <50-100  50-100  <50 200-400 <50-300 100-300 <50-400 800-1000 <100-800 1000-1200 1000-1500 700-1000 1000-1500 E3-TNC Figure 27 



                                    



Generation In-State Unconstrained 50-100 <50 200-300 <50 2000-2500 1200-1500 1200-1500 <50-1000 2000-2500 <50-2000 800-1000 500-4000 3500-3800 1200-3800 E3-TNC Figure 30 



Generation Part West Unconstrained <50 <50 300-400 <50 1300-1500 <50-1000 1200-1600 <50-1000 1800-2000 <50-1500 400-600 600-1200 3000-3500 800-3000 E3-TNC Figure 30 



Generation Full West Unconstrained 150-200 <50 200-300 <50 1200-1500 <50-1000 1000-1200 <50-1000 1000-1200 <50-1200 300-500 400-1200 2200-2400 800-1500 E3-TNC Figure 31 



                                    



Gen-Tie In-State Constrained <5 <5 <5 <5-5 <5 <5-5 <5-5 <5-15 <5 <5 <5 <5-45 <5 10-45 E3-TNC Figure 28 



Gen-Tie Part West Constrained <5 <5 <5 <5 <5 <5 <5-5 <5-20 <5 <5 <5 <5-10 <5 <5-40 E3-TNC Figure 28 



Gen-Tie Full West Constrained <5 <5 <5 <5 <5 <5 <5 <5-25 <5 <5 <5 <5-10 <5 <5-40 E3-TNC Figure 29 



                                    



Gen-Tie In-State Unconstrained <5 <5 8-12 6-8 <5 5-10 8-12 <5-30 <5 15-20 <5 <5-30 15-20 20-50 E3-TNC Figure 32 



Gen-Tie Part West Unconstrained <5 <5 5-10 <5 <5 <5 30-40 <5-12 5-10 <5 <5 <5-10 30-40 10-20 E3-TNC Figure 32 



Gen-Tie Full West Unconstrained <5 <5 5-10 <5 <5 <5 5-10 <5-10 <5 <5-10 <5 <5-10 10-12 10-20 E3-TNC Figure 33 



                                    



Range of Results(3) 



Lower Bound     <50 <50 50 5 200 <50 100 <50 800 <50 300 400 700 800   



Middle Bound     100 50 200 15 1200 500 1000 500 1800 1200 1000 1500 2000 1500   



Upper Bound     200 100 400 50 2500 1000 1600 1000 2500 2000 2000 4000 3800 3800   



Uncertainty Factor 



Lower-to-Middle 
Bound Factor 



    20X 10X 4X 3X 6X 10X 10X 10X 2X 20X 3X 4X 3X 2X   



Lower-to-Upper 
Bound Factor 



    40X 20X 8X 10X 12.5X 20X 16X 20X 3X 40X 7X 10X 5.5X 5X   



Middle-to-Upper 
Bound Factor 



    2X 2X 2X 3.5X 2X 2X 1.5X 2X 1.5X 1.5X 2X 2.5X 2X 2.5X   



Source: Interpretation of land area bar charts presented in E3-TNC Tables 26-33. 
(1) For each resource category and siting level, E3-TNC data indicate the total amount of land that would be needed to achieve HES buildout and the subset of that land that would impact a specific resource (indicated as dark shades). An entry of "<50" indicates low or no discernable results are 



shown in E3-TNC bar chart results. 
(2) Base case applies only to Constrained scenarios. 
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Table 4-7 provides a focused comparison of resource impacts for both the SL1 and SL4 siting 
levels for the Full West Constrained Scenario. This table illustrates the reduction in impacts if 
the SL4 siting protections are incorporated into generation siting decisions. In comparing the 
results across siting levels, the potential impacts to sensitive resources (e.g., wetlands, critical 
habitat) from the base case and SL1 (excludes federal lands) are higher than other siting levels 
due to the progressively greater restrictions on land use. Potential impacts to ecological 
resources are lowest in SL4 due to the higher land use protections; however, impacts to 
agricultural land and rangeland are progressively higher due to more of this land being used for 
development as other environmentally sensitive land is protected.  
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Table 4-7: E3-TNC Estimates of Impacted Resources in California – Comparison of Siting Levels 1 and 4 for the Full West 
Constrained Scenario (km2) 



  California 
Resource Wetland Critical 



Habitat 
Important 
Bird Areas 



Wildlife 
Linkages 



Prime 
Farmland 



Agricultural 
Land Rangeland Reference 



  Siting 
Level(1) 



SL1 SL4 SL1 SL4 SL1 SL4 SL1 SL4 SL1 SL4 SL1 SL4 SL1 SL4   



Generation 
Scenario 



                              



Full West 
Constrained(2) 



50 <50 100 <50 400 <50 300 <50 800 <50 1000 1500 1000 1500 E3-TNC Figure 27 



(1) E3-TNC bar chart data from the referenced source table indicate the amount of land that would be needed to achieve HES buildout and the subset of that 
land that would impact a specific resource (indicated as dark shades) within each siting level. An entry of "<50" here indicates low or no discernable 
results are shown in E3-TNC bar chart results. 



(2) Includes solar and wind generation. Excludes gen-tie and transmission resource impacts. These impacts are generally under 20 km2, or less than 5% of 
estimated generation impacts. 
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As shown in Table 4-7, depending on the level of siting protections, and assuming the less 
impactful Full West scenario, development impacts to environmentally and agriculturally 
significant California lands will not be fully avoidable and could be substantial given the scale of 
development needed to meet the state’s renewable energy goals: potentially up to 50 km2 
(12,350 acres) of wetlands, critical habitat, important bird areas, wildlife linkages, and prime 
farmland (this assumes an upper bound of 50 km2 in cases where E3-TNC’s bar charts show no 
discernible “impacted” lands but where micro siting may result in project-level impacts that were 
not considered), and up to 3,000 km2 (741,000) acres of agricultural land and rangelands are 
developed. 



These values may underestimate micro-siting factors that could increase impacts or lead to 
more land being developed than anticipated in the E3-TNC study due to avoidance of impacts, 
especially at lower siting level protections. Typically, attempts are made to avoid sensitive 
resources during project siting. However, as described in Section 4.2 above, very often micro-
siting factors exist in land development, such as previously unmapped wetlands and waters, or 
wildlife habitats that are not captured in the E3-TNC analysis and could increase the impacts 
described above. Although it is difficult to quantify the cumulative effects of site-specific impacts 
to sensitive resources, it is reasonable to expect that actual site conditions will present 
development constraints that either cause solar and wind projects to be reduced in scale, to be 
relocated to less energy-suitable areas (and thus require more projects), or result in direct loss 
of previously unmapped resources in order to achieve the desired scale and density of 
development. 



Where impacts are not fully avoided, agency-required mitigation measures add costs to the 
project that need to be implemented prior to project approval and/or during construction and 
operations. Mitigation costs can be in the form of offsite land conservation easements (land 
banking), onsite restoration and habitat enhancements, and other short-term and long-term 
commitments. These costs can vary widely depending on factors such as local jurisdiction 
policies and the type and magnitude of the impacted resource (USFWS 2019a). For example, 
the cost to restore or offset wetland resources can be ten times the cost of comparable acreage 
or upland habitat restoration. In cases where a USFWS Section 10 HCP is required for 
obtaining an incidental take permit, the process requires intensive studies by qualified biologists, 
purchase of land, land restoration, and perpetual maintenance. HCPs have many components 
(e.g., species information, habitat needs, project-related effects to the species, biological goals 
and objectives, management strategy, etc.) and implementation costs can vary between several 
hundred thousand to multiple millions of dollars, depending on the cost of land and other 
factors. As noted in Section 2, a general assumption of 1 percent of capital costs is used to 
account for mitigation measures that project sponsors may need to put in place to address 
adverse impacts. 



4.4.2 Regional Impacts 



Regional impacts were estimated for the environmental resource categories listed above using 
E3-TNC’s Full West SL4 Constrained scenario as a representative buildout scenario. E3-TNC 
development area results are presented in a series of coarse-level maps, as background data 
for the E3-TNC study were not available for this analysis. GIS tools were used to replicate the 
geographical areas presented by E3-TNC for the Full West SL4 Constrained scenario as 
presented in E3-TNC Figure 11. The solar and wind development area polygons were then 
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overlaid onto USEPA-defined ecoregions50 to illustrate the various ecological sub-regions 
(USEPA 2016) that could be impacted by this scenario. Publicly available data sets were then 
applied to the mapped polygons to quantify the areal extent of environmental resources that 
would be impacted within solar development areas for each ecoregion. Figure 4-3 shows the 
potential solar and wind development locations and corresponding ecoregions within California 
for this analysis. 



As noted on Figure 4-3 a scaling factor of 0.11 was applied to the source map polygons to 
account for the coarseness of the E3-TNC source map data (i.e., it appears that the E3-TNC 
mapped polygons represent an area approximately nine times larger than the estimated future 
development footprint for the corresponding scenario to improve map readability). This factor 
was derived by comparing the total area of the mapped polygons for solar development in 
California (approximately 34,800 km2) to the E3-TNC’s study’s areal impact estimates for the 
corresponding scenario (3,821 km2) as presented in E3-TNC Table 15, Lines 17 through 19.  



The land area shown on Figure 4-3 and listed below in Table 4-8 represents approximately 71% 
(2,723 km2) of the 3,821 km2 of land that would be developed for solar generation in the Full 
West SL4 Constrained scenario. The remaining approximately 29% of potential solar 
development (1,098 km2) would be sourced primarily from Arizona, southwestern Utah, and 
southern Nevada. 



 



 
  



                                                      



50. Ecoregions denote areas of general similarity in ecosystems and in the type, quality, and quantity of 
environmental resources and provide a spatial framework for the assessment, management, and 
monitoring of ecosystems. Regions are identified based on spatial patterns and the composition of 
biotic and abiotic phenomena that affect or reflect differences in ecosystem quality and integrity, taking 
into consideration geology, physiography, vegetation, climate, soils, land use, wildlife, and hydrology 
(Wiken 1986; Omernik 1987, 1995, cited in USEPA 2016). Levels I through IV provide progressively 
more detailed breakdown of each region. There are 13 level III ecoregions and 177 level IV ecoregions 
in California and most continue into ecologically similar parts of adjacent States of the United States or 
Mexico. Explanations of the methods used to define these ecoregions are given in Omernik (1995), 
Omernik and others (2000), and Omernik and Griffith (2014), as cited in USEPA 2016. 
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Figure 4-3: HES Buildout in California under E3-TNC’s Full West Constrained Scenario 
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Specific resource impacts due to solar development were then derived by applying the 0.11 
scaling factor within the mapped polygons, and comparing the totals for each resource category 
within the mapped polygons to E3-TNC’s state-wide estimates (as described above) and shown 
in bar charts in E3-TNC Figure 27 for the Full West SL4 constrained scenario. Table 4-8 
summarizes the results of the analysis, including the estimated total land area that would be 
developed with solar resources within each ecoregion, and the total estimated land area within 
each ecoregion that would see impacts to specific environmental resource lands from solar 
development. Data sources are listed in notes to Table 4-8.  
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Table 4-8: Environmental Resource Impacts from Utility Solar PV for the E3-TNC SL4 Full West Constrained Scenario, by Ecoregion in California (km2 and acres). 
ECOREGION(1) Sierra Nevada Central California 



Foothills and 
Coastal Mountains 



Central California 
Valley 



Southern California 
Mountains 



Central Basin and 
Range 



Mojave Basin and 
Range 



Northern Basin and 
Range 



Sonoran Basin and 
Range 



Southern 
California/ Northern 



Baja Coast 



Total 



Mapped Area Developed with Solar 
Resources by Ecoregion (California 
Portion of the Full West SL4 
Constrained Scenario) 



15.64 
(3,865) 



638.45 
(157,761) 



1,244.71 
(307,568) 



19.86 
(4,907) 



16.27 
(4,020) 



362.20 (89,500) 6.76 
(1,607) 



368.39 
(91,029) 



50.87 
(12,570) 



2,723.15 (672,890) 



Environmental Resource Impacts of Solar Development by Ecoregion (km2 and acres, except as noted otherwise) 



Wetlands and Waters(2) 0.27 
(66.7) 



7.00 
(1,729.7) 



33.12 
(8,184.0) 



0.10 
(24.7) 



0.87 
(215.0) 



2.38 
(588.1) 



0.04 
(9.9) 



3.82 
(943.9) 



0.97 
(239.7) 



48.56 
(11,994.3) 



Critical habitat(3) 0.47 
(116.09) 



50.42 
(12,453.7) 



 



63.91 
(15,785.8) 



0.48 
(118.56) 



 



0.00 
(0.00) 



8.57 
(2,116.79) 



0.00 
(0.00) 



49.58 
(12,246.3) 



3.69 
(911.43) 



177.12 
(43,748.6) 



Important bird areas(4) 1.80 
(444.6) 



41.03 
(10,134.4) 



73.41 
(18,132.3) 



0.00 
(0.00) 



3.49 
(862.03) 



5.57 
(1,375.79) 



1.64 
(405.08) 



34.87 
(8,612.89) 



0.49 
(121.03) 



162.30 
(40,088.1) 



Wildlife linkages(5,6) 0.00 
(0.0) 



2.97 
(733.59) 



4.99 
(1,232.53) 



0.00 
(0.00) 



0.00 
(0.00) 



0.00 
(0.00) 



0.00 
(0.00) 



0.00 
(0.00) 



0.00 
(0.00) 



7.95 
(1,963.65) 



Prime farmland(7,8) 0.03 
(7.41) 



35.95 
(8,879.65) 



(412.97 
(102,004) 



0.00 
(0.00) 



0.00 
(0.00) 



1.72 
(424.84) 



0.00 
(0.00 



30.14 
(7,444.58) 



1.14 
(281.58) 



481.95 
(119,042) 



Agricultural land (FMMP excluding 
prime farmland) (7,8) 



0.01 
(2.47) 



45.12 
(11,144.6) 



335.41 
(82,846.3) 



0.00 
(0.00) 



0.00 
(0.00) 



3.18 
(785.46) 



0.00 
(0.00 



17.82 
(4,401.54) 



0.15 
(37.05) 



401.68 
(99,213) 



Rangeland(9) 9.73 
(2,403.31) 



488.63 
(120,692) 



213.39 
(52,707.3) 



15.05 
(3,717.35) 



11.32 
(2,796.04) 



271.33 
(67,018.5) 



6.58 
(1,625.26) 



192.74 
(47,606.8) 



47.46 
(11,722.6) 



1,256.23 
(31,0289) 



Scenic Highways (km)(10) 0.00 
(0.00) 



27.24 
(6,728.28) 



8.09 
(1,998.23) 



0.66 
(163.02) 



1.42 
(350.74) 



23.45 
(5,792.15) 



0.00 
(0.00) 



11.28 
(2,786.16) 



4.95 
(1,222.65) 



77.09 
(19,041.2) 



Source: Based on interpretation of E3-TNC Figure 11, Full West SL4 Constrained scenario for mapped solar and wind development areas in California (table excludes wind land areas). For the mapped areas and each environmental resource, a scaling factor of 0.11 
was applied to the source map polygons to account for the coarseness of the source map data, as compared to TNC’s areal impact estimates presented in TNC Table 15 for this scenario. The total area for the scenario is 3,821 km2 as presented in Table 15; and 71% 
of this area (2,723 km2) is in California.  
 
(1) USEPA. “Level III Ecoregions of California.” No date. Online at: https://www.epa.gov/eco-research/ecoregion-download-files-state-region-9 
(2) USFWS. “National Wetlands Inventory” excluding marine, estuaries, lakes, bays, and rivers. 5/1/2021. Online at: https://www.fws.gov/wetlands/data/State-Downloads.html 
(3) USFWS. “Threatened and Endangered Species Active Critical Habitat.” 10/6/2021. Online at: https://ecos.fws.gov/ecp/report/table/critical-habitat.html 
(4) National Audubon Society. “Important Bird Areas.” Online at: https://www.audubon.org/important-bird-areas/state/california   
(5) California State Geoportal, NSNF Wildlife Linkages. Online at: https://gis.data.ca.gov/datasets/CDFW::nsnf-wildlife-linkages-cdfw-ds1005/explore?location=38.907405%2C-121.059465%2C7.89  
(6) CDFG. “Wildlife Linkages.” 1/31/2020. Online at: https://gis.data.ca.gov/datasets/CDFW::nsnf-wildlife-linkages-cdfw-ds1005/explore?location=38.937887%2C-121.059465%2C7.96 
(7) California Department of Food and Agriculture. “Agricultural Land Loss & Conservation.” No date. Online at: https://www.cdfa.ca.gov/agvision/docs/Agricultural_Loss_and_Conservation.pdf    
(8) CA Department of Conservation. “Farmland Mapping and Monitoring Program.” 2018. Online at: https://data.cnra.ca.gov/dataset/california-important-farmland-2018 
(9) USFS. “Rangelands.” 10/1/2019. Online at: https://data.fs.usda.gov/geodata/rastergateway/rangelands/index.php   
(10) Caltrans. “California State Scenic Highways.” 4/27/2021. Online at: https://services1.arcgis.com/8CpMUd3fdw6aXef7/arcgis/rest/services/Scenic_New1_4_WFL1/FeatureServer/0 



 



 





https://www.epa.gov/eco-research/ecoregion-download-files-state-region-9


https://www.fws.gov/wetlands/data/State-Downloads.html


https://ecos.fws.gov/ecp/report/table/critical-habitat.html


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.audubon.org%2Fimportant-bird-areas%2Fstate%2Fcalifornia&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437303189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=90k3dPlTMKPGAYoHRXkoHJIoMPmw0E1d1S2hLGyQu4U%3D&reserved=0


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgis.data.ca.gov%2Fdatasets%2FCDFW%3A%3Ansnf-wildlife-linkages-cdfw-ds1005%2Fexplore%3Flocation%3D38.907405%252C-121.059465%252C7.89&data=04%7C01%7C%7C320c66528f8d4c5d433d08d969b7c453%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657060253095748%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=XQyxhrQuo0DvTd60h5xXJIWNTbmZ2gRpM4mT5gB5QEE%3D&reserved=0


https://gis.data.ca.gov/datasets/CDFW::nsnf-wildlife-linkages-cdfw-ds1005/explore?location=38.937887%2C-121.059465%2C7.96


https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cdfa.ca.gov%2Fagvision%2Fdocs%2FAgricultural_Loss_and_Conservation.pdf&data=04%7C01%7C%7C69e51e816e6a43e224ea08d969b57893%7Cf2fe6bd39c4a485bae69e18820a88130%7C0%7C0%7C637657050437313145%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=YZmiVy3oiMjwTT2iwqqZjyVqKJvIkLFthY%2FnnZGz3vc%3D&reserved=0


https://data.cnra.ca.gov/dataset/california-important-farmland-2018


https://data.fs.usda.gov/geodata/rastergateway/rangelands/index.php


https://services1.arcgis.com/8CpMUd3fdw6aXef7/arcgis/rest/services/Scenic_New1_4_WFL1/FeatureServer/0
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Wind Development Areas 
Wind development areas for this scenario are shown on E3-TNC Figure 11 and are replicated in 
Figure 4-3. E3-TNC’s estimated land area for wind generation in California under the SL4 Full 
West Constrained scenario covers an additional approximately 80 km2 based on comparison of 
E3-TNC’s Full West and In-State scenario maps and E3-TNC’s tabulated results for this 
scenario. This land area is about 3% of the estimated land area required for solar development 
in California. 



About 85% (about 68 km2) of this amount is clustered in the Southern California Mountains 
ecoregion, in two general areas within northern Los Angeles County: one cluster is sited along 
the southern fringe of the Antelope Valley near Palmdale and Lancaster, and another cluster is 
sited near the Interstate 5 corridor near Castaic Junction, north of Santa Clarita. The remaining 
wind sites are depicted in several smaller clusters: the Antelope Valley in southeastern Kern 
County (Tehachapi Range, edge of the Sierra Nevada and Mohave Basin and Range 
ecoregions); Yucca Valley in southern San Bernardino County (Mohave Basin and Range 
ecoregion); southwestern Santa Barbara County near Gaviota (California Foothills and Coastal 
Mountains ecoregion); and in northeastern Shasta County, in the Cascade Range (edge of the 
Northern and Central Basin and Range ecoregions). 



Potential resource impacts from these wind developments are not quantified here due to the 
limitations of the data presented in E3-TNC’s report. However, given the nature of wind 
development siting and the general characteristics of the Southern California Mountains 
ecoregion and other affected ecoregions, resource impacts could include loss of wildlands due 
to new road construction in remote areas; erosion and sedimentation due to construction in 
steep terrain; introduction of fire hazards in high fire hazard zones; introduction of invasive 
species; impacts to cultural resources; and visual resource impacts due to ridgeline 
developments visible from public viewing areas and scenic roadways. Section 4.5 provides 
additional qualitative discussion of potential impacts of wind development.  



The balance of the total estimated land area of 1,517 km2 of wind generation for the scenario 
(approximately 1,437 km2) is sourced from out of state wind resource areas, primarily clustered 
in the Columbia River region of southern Washington and northern Oregon; and smaller clusters 
in southern Idaho, eastern Wyoming, and central New Mexico. 
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Transmission Corridor Development  
As noted above, the Part West case includes two new long-distance high-voltage transmission 
lines, SunZia and Southline, with a total distance of 1,200 km to deliver wind power from New 
Mexico to California51, and the Full West scenario includes additional new long-distance high 
voltage transmission lines, TransWest Express, Gateway South, Gateway West, Boardman to 
Hemingway, and Southwest Intertie Project (SWIP) North with a total distance of 5,356 km to 
deliver wind power from Wyoming and Idaho to California.52 



E3-TNC Figure 11 illustrates these long-haul transmission routes for the Part-West and Full-
West scenarios. These lines would be utilized for imported generation under each of the four 
siting levels. The Full West SL4 constrained scenario portion of Figure 11 is provided below as 
an example. E3-TNC Figure 29 presents their analysis of resource impacts related to gen-tie 
and long haul transmission and E3-TNC Tables 15 and 16 present the estimated land areas for 
new gen-tie and transmission corridors. Land areas are relatively low (less than 10 km2) in most 
scenarios, but range up to 100 km2 in the high-import Full West scenario (E3-TNC Tables 15 - 
16). The bar chart results, shown below, indicate varying degrees of potential impacts (indicated 
as dark shaded colors and presented as km2) to eagle habitat, sage grouse habitat, big game 
habitat, and wildlife linkages, as well as rangelands, in various western states including Arizona, 
Nevada, New Mexico, Oregon, Idaho, Utah, and Wyoming. 



                                                      
51. https://sunzia.net/blm/; http://www.southlinetransmissionproject.com/ 
52. http://www.transwestexpress.net/; https://www.pacificorp.com/transmission/transmission-



projects/energy-gateway/gateway-south.html; 
http://www.gatewaywestproject.com/maps_segment.aspx; https://www.boardmantohemingway.com/; 
https://www.nwcouncil.org/reports/columbia-river-history/intertie 





https://sunzia.net/blm/


http://www.southlinetransmissionproject.com/


http://www.transwestexpress.net/


https://www.pacificorp.com/transmission/transmission-projects/energy-gateway/gateway-south.html


https://www.pacificorp.com/transmission/transmission-projects/energy-gateway/gateway-south.html


http://www.gatewaywestproject.com/maps_segment.aspx


https://www.boardmantohemingway.com/


https://www.nwcouncil.org/reports/columbia-river-history/intertie
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These long-haul transmission projects are in various stages of permitting, alternative routing 
analysis, and environmental review.53 Comment received during the environmental review 
processes have expressed various concerns about the impacts of construction, operations, and 
maintenance of the transmission lines on visual and cultural resources, as well as wildlife 
resources such as greater sage-grouse, migratory bird habitat, and other sensitive and 
protected species. For example, in the case of the Gateway South Transmission Project 
USFWS requested expanded analysis of migratory birds and greater sage-grouse, and that the 
project be sited to avoid vegetation clearing in areas of potential yellow-billed cuckoo habitat or 
that such areas be spanned without vegetation removal and that access roads should avoid 
intact riparian habitats. USFWS also suggested that compensation for lost habitat services 
should include compensation for long-term (post-construction) habitat loss, alteration, and 
fragmentation. 



                                                      
53.  See for example these NEPA-related documents for the SunZia, Southline, Gateway South, Gateway 



West, TransWest Express, Boardway to Hemingway, and Southwest Intertie Transmission Projects: 
https://www.energy.gov/nepa/downloads/eis-0474-final-environmental-impact-statement; 
https://eplanning.blm.gov/eplanning-ui/project/2011785/570; 
https://eplanning.blm.gov/public_projects/nepa/53044/74052/81404/AppP_CommentsandResponses.pdf 



  http://www.gatewaywestproject.com/environmental_review.aspx; https://eplanning.blm.gov/eplanning-
ui/project/65198/570; https://www.bpa.gov/efw/Analysis/NEPADocuments/Pages/Boardman-to-
Hemingway.aspx; https://www.wapa.gov/regions/DSW/Environment/Pages/southwest-intertie-nepa.aspx 



 
 





https://eplanning.blm.gov/eplanning-ui/project/2011785/570


https://eplanning.blm.gov/public_projects/nepa/53044/74052/81404/AppP_CommentsandResponses.pdf


http://www.gatewaywestproject.com/environmental_review.aspx


https://eplanning.blm.gov/eplanning-ui/project/65198/570


https://eplanning.blm.gov/eplanning-ui/project/65198/570


https://www.bpa.gov/efw/Analysis/NEPADocuments/Pages/Boardman-to-Hemingway.aspx


https://www.bpa.gov/efw/Analysis/NEPADocuments/Pages/Boardman-to-Hemingway.aspx


https://www.wapa.gov/regions/DSW/Environment/Pages/southwest-intertie-nepa.aspx
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Source: E3-TNC Figure 29 Environmental impacts of gen-tie and bulk transmission corridors within each 
state for the Full West Geographic cases in the Constrained assumptions case.  
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In summary, the aggregated state-wide results (derived from E3-TNC’s tabulated and bar chart 
data tables) and the aggregated regional results (derived from E3-TNC’s mapped data) are in 
general alignment and provide insight into the various potential outcomes of solar and wind 
buildout. However, data derived from E3-TNC printed maps are too coarse to allow for precise 
comparison of future development sites and underlying resources, and thus potential resource 
impacts within individual sub-areas are approximations, particularly for scenarios that apply the 
SL4 siting criteria. Nonetheless, the data on potential impacts to lands of varying environmental 
resources illustrate that impacts to various sensitive lands in California are likely unavoidable 
during implementation of the HES.  



4.5 Environmental Resource Constraints 



This section summarizes the range of reasonably foreseeable impacts associated with broad-
scale renewable energy development to highlight the types and severity of potential 
environmental impacts, and the implications for land development in currently open lands.  



4.5.1 Rangeland and Agricultural Land Conversion 
As noted above an estimated 1,256 km2 of rangeland would be developed state-wide in the Full 
West SL4 Constrained scenario. Over half (56%) of these rangelands (702 km2) are located 
within the combined Central California Valley and Central California Foothills and Coastal 
Mountains ecoregions, and another 37% (464 km2) are located within the combined Mohave 
Basin and Range and Sonoran Basin and Range ecoregions. In addition, almost all bulk 
transmission corridors within California and other western states are anticipated to be located 
on rangelands. As shown in E3-TNC Figure 29 (excerpted above), bulk transmission lines will 
impact roughly 20 to 80 km2 of rangeland.   



Another one-third to half of all solar capacity would be sited on agricultural lands. Agricultural 
lands, particularly prime farmlands, provide an economic base for food production. Agricultural 
lands and associated irrigation canals also provide non-agricultural benefits such as open vistas 
from scenic roadways; ecological function as forage and nesting habitat and wildlife corridors for 
numerous wildlife species; and regional water conveyance systems. In particular, the 
agricultural lands of the California Central Valley ecoregion include flat valley basins of deep 
sediments adjacent to the Sacramento and San Joaquin Rivers, as well as fans and terraces 
around the edge of the valley. The region contains remnants of once-extensive prairies, oak 
savannas, desert grasslands in the south, riparian woodlands, freshwater marshes, and vernal 
pools. More than half of the region is now in cropland, about three-fourths of which is irrigated. 
General environmental concerns in the region include salinity due to evaporation of irrigation 
water, groundwater contamination from heavy use of agricultural chemicals, loss of wildlife and 
flora habitats, and urban sprawl (USEPA 2016). 



Under typical CEQA analysis methodology, impacts to agricultural lands are considered 
significant when development converts prime farmland, unique farmland, or farmland of 
statewide importance; conflicts with applicable land use plans, policies, or regulations; or 
disrupts agriculture uses on surrounding lands such that it impairs the use of these lands for 
agricultural uses. Biological values associated with agricultural lands are also considered. 



Prime farmland can be particularly attractive for solar development because it is likely to be flat, 
dry, and open as opposed to more marginal agricultural lands; and it is likely to be proximate to 
existing infrastructure. Solar development on agricultural land results in conversion to an 
industrial, nonagricultural use. Construction activities can affect surrounding cultivated 
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agricultural land uses by depositing particulate matter on row crops and altering drainage and 
flow patterns during site construction. Mitigations such as fugitive dust plans, stormwater plans, 
erosions and sediment control plans, and traffic control plans, can be effective at minimizing 
these impacts on surrounding agricultural land uses provided that the measures are properly 
designed and implemented. 



The Panoche Valley Solar Project described above included a mitigation measure that required 
the applicant to pay for the creation of either a 4,563-acre conservation easement on grazing 
land or a 285-acre conservation easement on high quality cropland in the San Juan Valley of 
San Benito County. This measure compensates for the individual and cumulative adverse 
impacts on agriculture from converting project site lands out of agricultural use.  



Rangelands provide particular value as they make up a substantial aspect of the California 
Floristic Province, a biodiversity hot spot known for high levels of species richness and 
endemism. In biologically rich areas like this, land cover change has the potential to greatly 
impact ecological value and function. E3-TNC describes the natural resource values of these 
areas: 



Impacts to rangelands, which are native or non-native grass or shrub-like vegetation suitable 
for grazing or browsing by livestock, are similarly important for solar development across all 
scenarios, with approximately half of all [projected future] solar in California and nearly all 
solar in Arizona and Nevada sited on rangelands… Rangeland habitats tend to have high 
biodiversity value, provide significant habitat connectivity, and form the foundation for a 
number of ecosystem services. (Wu et al. 2019, p.39, citing Cameron et al. 2014)  



Regulatory and policy decisions at the local level in California can and often do discourage the 
“energy sprawl” that results from industrial scale development within the built environment and 
near population centers in favor of development within shrublands and scrublands (Copeland et 
al. 2011; McDonald et al. 2009). A 2015 analysis of 161 planned, under construction, or 
operating industrial solar projects in California found that regulatory and policy decisions 
concentrated development in either biologically rich rangeland cover types, or areas of 
productive cultivated cropland, generally concentrated in the Central Valley and interior of 
southern California (Hernandez et al. 2015). The projects were broadly concentrated in Central 
Valley and the interior of southern California and included:  



 6,995 MW sited in 375 km² of shrubland and scrubland 



 4,103 MW sited in 118 km² of converted cultivated cropland 



 1,555 MW sited in 72 km² of grass/herbaceous lands 



 1,434 MW sited in 37 of km² of pasture/hay lands 



Of the projects greater than 20 MW capacity, 51 percent (9.9 GW) of the generating capacity 
and 62 percent (484 km²) of the land area used for industrial solar projects was previously 
rangeland cover types including shrubland, scrubland, grass, or pasture. Another 21 percent 
(4.1 GW) of the analyzed generating capacity displaced 71 km² of cultivated crops.  



Using E3-TNC’s land development benchmark and E3-CP’s HES incremental capacity target of 
102 GW, and assuming a 65%-35% split between rangeland and agricultural land, HES buildout 
could impact an estimated 2,200 km2 (543,200 acres) of rangeland and 1,180 km2 (292,500 
acres) of agricultural land. For context, the average farm in California’s Central Valley was 1.8 
km² in 2002 (UC AIC 2009) and thus several hundred farms or potentially thousands of farms 
could be converted to meet the HES goals.  











 



 
www.erm.com                 Page 117 



FINAL ASSESSMENT REPORT - POTENTIAL IMPACTS OF 
CALIFORNIA’S HIGH ELECTRIFICTION SCENARIO 
 



LAND USE AND ENVIRONMENTAL ANALYSIS 



The Panoche Valley Solar Project described above is located in the Panoche Valley in San 
Benito County. During the Panoche Solar Project NEPA review process, stakeholders such as 
the Center of Biological Diversity described the diverse valleys of this region (USACE 2015). 
This sub-region is representative of rangeland values, and is particularly notable for its 
extensive grassland habitat, a rare and declining ecosystem throughout California and the U.S. 
It remains one of the few intact places in the Central Valley that still contains a suite of upland 
San Joaquin Valley species, three of which are federally endangered (San Joaquin kit fox, blunt-
nosed leopard lizard, and giant kangaroo rat). Panoche Valley contains habitat for these species 
because it is relatively isolated, remains largely undeveloped, and contains expansive 
grasslands that have not been converted to row crops. The Recovery Plan for the Upland 
Species of the San Joaquin Valley cites Panoche Valley as important to the recovery of species 
that formerly occupied large areas of the San Joaquin Valley floor (USFWS 1998). Therefore, 
because agricultural lands are known to be suitable habitat for the species, and the potential 
HES buildout will occupy agricultural lands, impacts to these species would be nearly 
unavoidable. Species that are particularly vulnerable to renewable energy development are 
discussed further below. 



4.5.2 Avian and Other Wildlife 
Direct and indirect wildlife impacts associated with solar and wind development vary by region 
and site and are typically well documented at the project level. Illustrative examples are 
summarized here: avian mortality, giant kangaroo rat, San Joaquin kit fox, blunt-nose leopard 
lizard, and desert tortoise.  
Avian Fatalities 
Utility-scale solar developments are known as a source of fatality for birds (Kagan et al. 2014). 
There are questions about the cause of solar energy related fatalities and whether these 
fatalities could ultimately impact bird populations and, if not addressed, impede the development 
of solar energy (Walston 2018). Collisions with solar infrastructure, including solar panels and 
other facility structures, has been observed at all types of utility-scale solar facilities as various 
project features, including artificial habitat from cooling ponds and high concentration of prey, 
attract birds to the site. The “lake effect,” whereby migrating birds confuse the PV panes with 
bodies of water and collide as they attempt to land, is also a factor (Walston 2015).  



An Argonne National Laboratory 2016 study estimated that collisions with photovoltaic panels at 
U.S. utility-scale solar facilities kill between 37,800 and 138,600 birds per year. The annual 
estimate for southern California ranged between 16,200 and 59,400 birds (Walston 2016). A 
2020 study at 10 utility-scale solar energy projects in southern California found an average 
annual fatality rate of 2.49 birds per megawatt of installed capacity (Kosciuch et al. 2020). Using 
this ratio, installation of approximately 102 GW (4,000 km2) of photovoltaic panels would result 
in a statewide average annual avian fatality rate of 253,980 birds. This is 4 to 16 times the 2016 
estimated avian mortality in southern California.  



While these numbers are relatively low compared with building and vehicle avian strikes 
(building strikes in the U.S. have been estimated to be on the order of 500 million birds 
annually), the magnitude of this impact will almost certainly increase with the HES buildout, 
even with the incorporation of best management practices designed to avoid attracting birds to 
the project sites. Additional research is needed to further understand how and when avian 
mortality occurs and how to prevent it. Various studies are underway, including the use of 
artificial intelligence (AI) to more efficiently track avian activity at solar sites (Nunez 2020). If not 
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properly addressed, these interactions could present an impediment to solar energy 
development through delays in environmental reviews and decision making, or increased costs 
associated with avian monitoring and mitigation activities. There is also the threat of potential 
litigation; in 2014 the Center for Biological Diversity issued a “notice of intent” to sue the U.S. 
Fish and Wildlife Service (USFWS) and BLM for failing to protect endangered birds after Yuma 
Clapper Rails were found dead at two utility-scale solar projects in Riverside and Imperial 
Counties (CBD 2014; Roth 2014).  



Avian impacts can also be construed in terms of breeding productivity and loss of habitat. In 
2019 the USFWS issued an Environmental Assessment (EA) for an eagle take permit pursuant 
to the Bald and Golden Eagle Protection Act (BGEPA) for the California Flats Solar Project, a 
283 MW solar facility on approximately 3,000 acres in unincorporated Monterey County. The 
applicant sought a 30-year incidental eagle take permit for the reoccurring loss of breeding 
productivity in the vicinity of the project due to disturbance from operation and maintenance 
activities at the facility and loss of habitat from land development. The USFWS estimated that 
two active golden eagle nesting territories were susceptible to continual loss of productivity and 
potential territory abandonment due to the proximity of the project. Measures imposed to reduce 
potential impacts included operational steps, such as limiting non-routine operation and 
maintenance activities during eagle breeding season, vehicle restrictions and speed limits, 
garbage abatement, limiting rodenticide use, livestock carcass management, and employee 
awareness training; and compensatory mitigation per the BGEPA regulations. Compensation 
consisted of payment for retrofit of electric power poles that are an electrocution risk to eagles, 
at an estimated cost of $1,470,000. The applicant also incurred mitigation costs for potential 
cumulative impacts of eagle take through funding of a permanent conservation easement of 
golden eagle habitat within a 6,204-acre area (USFWS 2019b).  



In summary, mitigating for impacts to avian species can add substantial costs to a project, 
particularly as the cost of obtaining conservation easement lands to mitigate project impacts can 
increase over time as fewer suitable mitigation lands are available. 



4.5.3 Protected Species of the Central Valley and Desert Regions  
The Central Valley and adjoining foothills provide habitat for the federally protected San Joaquin 
kit fox, blunt-nosed leopard lizard, and giant kangaroo rat. The southern California desert region 
provides habitat for the federally protected desert tortoise. If not properly addressed, impacts to 
these and other state- and federally-protected species can both impede conservation efforts and 
affect the feasibility of solar and wind energy development through delays in environmental 
reviews and decision making, or increased costs associated with monitoring and mitigation 
activities, and potential litigation. These species are briefly described below and Figure 4-4 
indicates the overall range of these species. 
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Figure 4-4: Ranges of Certain Protected Species of the San Joaquin Valley and Desert 
Regions(1) 



 
Source: USFWS 2021. 
(1) Blue = Desert tortoise range; purple = blunt-nosed leopard lizard range; green = giant kangaroo rat 



range; orange = kit fox San Joaquin Valley population range  



Giant Kangaroo Rat 
The giant kangaroo rat is a federally and state listed endangered species that generally occurs 
in grasslands and shrub communities on gentle slopes. It persists in isolated populations along 
the arid southwestern edge of Central California’s San Joaquin Valley and the adjacent Inner 
Coastal Ranges. Development within kangaroo rat habitat can result in habitat loss and 
displacement as well as direct injury or mortality due to construction activities; disruption of 
movement caused by open trenches, which can lead to predation and starvation; or loss of 
habitat due on-site roads and infrastructure. Other potential effects include reduced habitat 
functionality on undisturbed lands that may become completely or partially surrounded by solar 
arrays or wind turbines and associated infrastructure and other development, and reduced 
availability of mammal burrows for refuge.  



San Joaquin Kit Fox 
No critical habitat has been designated for the San Joaquin kit fox. However, it is known to exist 
in San Luis Obispo County, western Kern County, and the Ciervo-Panoche area in western 
Fresno and eastern San Benito Counties. Optimal habitat for San Joaquin kit fox includes arid 
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habitats with relatively low grassland vegetation. Preferred habitat is often dependent on the 
density of kangaroo rats and rabbits, the two favored prey items for the kit fox.  



Development within potential San Joaquin kit fox habitat can result in direct and indirect impacts 
similar to those described above such as injury and mortality due to relocation efforts, and 
increased predation. Similar to the giant kangaroo rat, the San Joaquin kit fox is susceptible to 
habitat loss and displacement due to human activity and noise associated with intensified land 
development.  



Blunt-Nose Leopard Lizard 
Blunt-nosed leopard lizard is federally endangered and a California fully protected species, 
meaning no take may be authorized except for scientific research. Blunt-nosed leopard lizard is 
endemic to the San Joaquin Valley (Montanucci 1970; Tollestrup 1979 in USFWS 1998) and its 
current range is thought to include scattered populations throughout the undeveloped San 
Joaquin Valley and in the foothills of the Coast Range below 2,600 feet (Montanucci 1970; 
Alborn 1988 in USFWS 1998). As with other upland species in these regions, land development 
can result in short- and long-term direct effects and long-term indirect effects on the quality and 
quantity of habitat available for the species from construction and operations of new 
infrastructure, and reduced habitat functionality on the remaining undisturbed lands that may 
become surrounded by development.  
Desert Tortoise 
Desert tortoise range extends throughout the entire Southern California desert region as well as 
most of southern and central Nevada and Arizona (USGS 2021), and it generally coincides with 
the extent of the Mohave Basin and Range and Sonoran Desert and Range ecoregions. In the 
Full West SL4 Constrained scenario, approximately 644 km2, or 24% of the state-wide solar 
development, would occur within the desert tortoise range.  



This range, within southwestern United States, including California, is particularly well suited for 
development of industrial solar due to the region’s high solar energy potential (USDOI and 
USDOE 2011). However, these arid ecosystems are particularly sensitive as they also possess 
exceptional biodiversity and high concentrations of threatened and endangered species (Flather 
1998). They are also frequently at risk of environmental degradation on a local and regional 
scale due to land development (Abbasi 2000). Impacts to wildlife and wildlife habitat from 
construction and operation of industrial solar include direct impacts (e.g., mortality) and indirect 
impacts in the form of habitat loss, degradation, fragmentation, and modification (Kuvlevsky et 
al. 2007).  



The desert tortoise is protected as threatened under the Endangered Species Act (ESA). It is 
considered a flagship species of the Mojave Desert and is frequently cited as potentially 
impacted by industrial solar development in California, Nevada, and other southwest deserts. Its 
geographic overlap with other species extends protection to other plants and animals within its 
range, making the importance of the desert tortoise greatly disproportionate to its intrinsic value 
as a species (Lovich et al 2011). Organizations that advocate for conservation of California and 
Nevada desert landscapes, such as Basin and Range Watch and Desert Tortoise Council, 
frequently point to potential mortality as a key issue of concern and a basis for objecting to solar 
projects where translocated desert tortoises may face increased predation and overheating 
(Basin and Range Watch, undated; basinandrangewatch.org 2021).  



The 690-megawatt, 7,100-acre Gemini Solar Project is located on BLM administered land 
northeast of Las Vegas, Nevada. According to the project’s 2019 Biological Assessment 
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prepared by the BLM for the USFWS, the project will affect an estimated 219 adult tortoises and 
1,139 juvenile desert tortoises, which would need to be relocated during construction. This 
represents about 0.7 percent of the USFWS’ estimated 200,000 tortoises that remain in the wild. 
The Biological Assessment identifies translocation as an accepted conservation strategy and 
also indicates that it carries some risk of mortality or decreased fitness (BLM 2019).   



The Gemini Solar Project also provides an example of project costs associated with mitigation 
of impacts to desert tortoise. The project was approved with mitigation requirements that include 
temporary and permanent desert tortoise fencing, monitoring during and after construction, and 
compensatory mitigation of $902 per acre to support desert tortoise recovery. Compensation 
fees totaled $4,359,366 after accounting for a reduction in the fee due to mowing of vegetation 
and preservation of soils in a portion of the project site (BLM 2019). The project’s long term 
potential impacts on desert tortoise were documented during the permitting process.  



Certain stakeholders, such as the Desert Tortoise Council, expressed concerns regarding the 
viability of the tortoise migration corridor linking protected populations; potential cumulative 
effects on migration from multiple projects in the area; and uncertainties as to whether the 
tortoise can fully adapt to habitat beneath solar panels and their shade (Magill 2020). Long-term 
monitoring of the desert tortoise populations in and around the Gemini solar site is necessary to 
address these questions and provide scientific data to support analyses of future solar projects.  



4.5.4 USFWS Designated Critical Habitat 
Critical habitat is a term defined in the federal Endangered Species Act to mean specific 
geographic areas that contain features essential to the conservation of an endangered or 
threatened species and that may require special management and protection. Critical habitat 
may also include areas that are not currently occupied by the species but will be needed for its 
recovery (USFWS 2021)54. Due to the nature of anticipated land development, HES deployment 
has the potential to impact designated critical habitat for federally listed species; however, E3-
TNC’s SL1 through SL4 siting criteria include avoidance of critical habitat. Therefore, by 
definition, these resource areas are presumed to be avoided in the siting of potential solar and 
wind candidate development zones. In addition, site developers often attempt to screen out 
critical habitat early in the siting process in order to avoid resource impacts and the associated 
effort and costs of permitting, consultations, and mitigation.  



Siting data from E3-TNC’s analysis were not available for this study, and E3-TNC’s published 
maps of solar and wind development locations (e.g., E3-TNC Figure 11, presented above, and 
as replicated here in Figure 4-3) are depicted at a scale that is approximately 9 times the actual 
site size (presumably for map readability). Therefore, for the purpose of this assessment, only a 
cursory review of potential impacts to critical habitat is possible.  



Figure 4-5 provides side-by-side comparison views of USFWS designated ‘final’ critical habitat 
(in red) and ‘proposed’ critical habitat (in purple) for various species state-wide; and the general 
locations determined to be suitable for solar (in orange) and wind (in blue) development under 
E3-TNC’s Full West SL4 Constrained scenario (right side, excepted from Figure 4-3 above).  



A qualitative comparison of these maps suggests that the sites selected for development in this 
scenario, as well as in other scenarios for SL1 through SL4, will generally avoid direct impacts 
to critical habitat, but that development could be in close proximity to, or potentially encroaching 
into current or future critical habit. For example, a designated solar development area in 
                                                      
54. https://www.fws.gov/endangered/what-we-do/critical-habitats-faq.html 





https://www.fws.gov/endangered/what-we-do/critical-habitats-faq.html
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Mohave Valley east of Barstow is immediately adjacent to Desert Tortoise Critical Habitat to the 
north and south. In other locations, such as in northern San Luis Obispo County, a designated 
solar development area is immediately adjacent to, and potentially overlapping, a designated 
vernal pool fairy shrimp critical habitat located east and north of US 101 near Paso Robles. 
While it not possible to quantify potential direct impacts to these resources in this assessment, it 
is clear that critical habitat avoidance will be a key determinant in HES buildout.  



Figure 4-5: USFWS Critical Habitat (left) and Likely Solar Development Locations under 
the E3-TNC Full West SL4 Constrained Scenario (right) 
 



 
Source: USFWS 2021. 
 
 



4.5.5 Habitat Conservation Plans and Natural Community Conservation Plans 
Habitat Conservation Plans (HCPs) are planning documents required as part of an application 
for a federal incidental take permit. They describe the anticipated effects of the proposed taking; 
how those impacts will be minimized, or mitigated; and how the HCP is to be funded. HCPs can 
apply to both listed and non-listed species, including those that are candidates or have been 
proposed for listing. HCPs are an important tool in conserving species before they are in danger 
of extinction to provide early benefits and prevent the need for listing. (USFWS 2021)  



HCPs are the federal counterpart to California’s Natural Community Conservation Plan (NCCP) 
program. NCCPs provide a means of complying with the Natural Community Conservation Plan 
Act (NCCP Act) and securing take authorization at the State level. The primary objective of the 
NCCP program is to conserve natural communities at the ecosystem scale while 
accommodating compatible land uses. To be approved by the California Department of Fish and 
Wildlife, an NCCP must provide for the conservation of species and protection and management 
of natural communities in perpetuity within the area covered by permits. NCCPs are different 
from HCPs because the NCCP Act requires that conservation actions improve the overall 
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condition of a species, whereas HCPs typically only require avoidance of a net adverse impact 
on a species.  



HES deployment has the potential to impact habitats that are earmarked for conservation within 
the planning areas of various HCPs and NCCPs. As with critical habitat, E3-TNC’s published 
maps allow only a cursory review of solar and wind development areas in relation to HCP 
boundaries.  



Figure 4-6 provides side-by-side comparison views of adopted HCPs and NCCPs in California 
(left side) and the general locations determined to be suitable for solar and wind development 
under E3-TNC’s Full West SL4 Constrained scenario (right side, excepted from Figure 4-3 
above). A qualitative comparison of these maps suggests that the sites selected for 
development in this scenario, as well as in other scenarios for SL1 through SL4, will avoid 
development within most HCP land area, with some exceptions. For example, much of the solar 
development sited in southwest San Joaquin Valley would be partially or wholly within the Aera 
SW San Joaquin Valley HCP, an area located generally west of Interstate 5 between 
Bakersfield and Lemoore. Solar development within the Coachella Valley in central San 
Bernardino County largely overlaps with the Coachella Multiple Species NCCP/HCP planning 
area55; and solar development within Yolo County, west of Woodland, would be partially sited 
within the Yolo County NCCP/HCP56. While it not possible to quantify direct impacts to sensitive 
habitats within these and other planning areas, it appears that at least some of the planned 
solar development will be sited within plan areas, and thus there is a potential to impair the 
effectiveness of the NCCP/HCP conservation efforts.  
  



                                                      
55. https://cvmshcp.org/ 
56 .https://www.yolohabitatconservancy.org/about 
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Figure 4-6: California HCPs and NCCPs (left) and Likely Solar Development Locations 
(right) under the E3-TNC Full West SL4 Constrained Scenario 



Source: USFWS 2021. 



 



4.5.6 Cultural Resources 
Construction of utility-scale solar energy projects has the potential to damage or destroy 
irreplaceable cultural resources that can represent thousands of years of human history. These 
impacts can occur directly through construction activity such as clearing, grading, and 
excavation, or indirectly as a result of erosion of soils, or site contamination that degrades or 
destroys nearby cultural resources (Wescott 2013). Additionally, construction sites and access 
corridors placed in previously inaccessible areas often increase access by recreationalists, thus 
exposing cultural sites to a higher risk of disturbance, and potential looting and vandalism. While 
no example of this impact could be found in the literature, every solar development that was 
examined for this assessment identified this potential indirect impact from increased 
accessibility. 



Aside from these direct and indirect impacts, the mere presence of utility-scale solar energy 
development can affect a cultural resource for which visual integrity is a component of the site’s 
significance, such as sacred sites and landscapes, historic structures, trails, and historic 
landscapes. The Colorado River Indian Tribes (CRIT) sued the federal government on the basis 
that construction of the Modified Blythe Solar Power Project in Riverside County is within the 
ancestral homelands of the CRIT and would cause irreparable harm stating: 



The Project site is located within the ancestral homelands of the members of 
the Colorado River Indian Tribes…whose reservation begins just a few miles 
northeast of the site. The religion and culture of CRIT’s members are strongly 
connected to the physical environment of the area, including the ancient 
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trails, petroglyphs, grindstones, hammerstones, and other cultural resources 
known to exist there. The removal or destruction of these artifacts and the 
development of the Project as planned will cause CRIT, its government, and 
its members irreparable harm. [Colorado River Indian Tribes v. Dept. of 
Interior, Case 5:4-cv-02504, C.D. Cal. 4 December 2014)] 



Another example of Tribal concerns expressed over solar development in ancestral lands is the 
90 MW JVR Energy Park outside of Jacumba, in eastern San Diego County. Environmental 
studies in preparation by the County indicate that the project could disturb cultural resources 
that tell the story of over 10,000 years of human occupation (von Kaenel 2021): 



The Kumeyaay people…are the indigenous people of the Jacumba Region. 
Some of the oldest and most continuous archaeological sites have been 
found in the region. Jacumba is a key location in the creator stories; as told 
through the Shuluk Songs which document the travels of the creator through 
our region…[which] was a major crossroads from the pacific coast to the 
desert and Colorado River region. (Campo Band of Mission Indians 2018) 



Tribal concerns were also expressed in the Environmental Impact Statement (EIS) for the 350 
megawatt Crimson Solar Project in Moreno Valley, California:  



… the Mule Mountains are important to [the Chemehuevi and Yaqui] religious beliefs and 
practices, and the proposed Project, if constructed, would interfere with these beliefs and 
practices. During a BLM consultation meeting with the tribe to discuss their comments, the 
tribe told the BLM that while they are not against renewable energy, they are opposed to the 
location of the proposed Project (and other solar projects on BLM-administered lands in the 
Chuckwalla Valley/Palo Verde Mesa area) because they believe that the entirety of 
undeveloped desert lands within their ancestral territory, including the cultural and natural 
resources found here, are of great importance to tribal culture and identity. (US Department 
of the Interior 2021) 



The Tribes raised concerns throughout the permitting process, eventually submitting protests 
that the BLM failed to adequately respond to the Tribe's comments on the Draft Resource 
Management Plan Amendment/Draft Environmental Impact Statement regarding failure to 
analyze the Project’s modifications and comply with requirements under the Western Solar 
Plan. The BLM denied the protests and approved the project in May 2021, stating: 



The BLM California is proud to support responsible development of renewable energy 
projects as part of our mission to sustainably manage public lands. The Crimson Solar 
project showcases the agency’s commitment to meeting California’s energy and economic 
needs with 21st Century technology. (Karen Mouritsen, California Director of the BLM, 3 
May 2021) 



Other regions of likely HES buildout, such as the San Joaquin Valley and Sacramento, are also 
culturally rich and have strong links to Tribal interests. When Tribes in the San Joaquin Valley 
were consulted for the “Solar and the San Joaquin Valley Identification of Least-Conflict Lands 
Project,” they proposed several management recommendations for planning renewable energy 
in their homeland. These recommendations included: 



 Conducting thorough research and cultural resources survey with both professional 
archaeologists and Tribal members early in the design process  



 Integrating buffers to avoid impacts to cultural sites  
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 Developing inadvertent discovery burial agreements with Tribes prior to construction  



 Including Tribal members in construction monitoring, particularly when avoidance is not 
feasible  



 Avoiding damaging known cultural resources during decommissioning 



 Considering conservation easements in culturally sensitive areas.  



Many of these measures are reflective of Tribal requests on other projects that were denied.   



In addition to cultural concerns affecting the planning and potential approval of a project, 
impacts arising during construction can impact the cost and schedule of the project. At the 
Genesis Solar Energy Project in Chuckwalla Valley, in eastern Riverside County California, 
human remains and cultural artifacts were uncovered during site development in 2011. While 
this slowed construction, the project was eventually completed over the objection of the 
Colorado River Indian Tribes. The resulting destruction of prehistoric trails, funerary, and other 
important artifacts is believed to represent thousands of years of Tribal history. As mitigation for 
the loss of cultural resources, Genesis was required to contribute $3 million to an ethnographic 
study as well as scholarships for Native students (Krol 2021). While this mitigation may offset 
the impact, the non-renewable resources that were destroyed can never be replaced.  



4.5.7 Air Quality and Dust Control 
Development of renewables will likely decrease air pollution from most pollutants on a statewide 
level, due to the reduced operational emissions from fuel combustion, which in turn decreases 
oxides of nitrogen (NOx), volatile organic compounds (VOCs), toxic air contaminants (TACs), 
and ozone (smog) formation. However, implementation of the HES could increase statewide 
wind-blown dust generated during grading and construction activities on the large land area that 
will be disturbed by construction of the renewable developments needed to meet the HES goals, 
especially solar developments. In addition, HES implementation may increase dust on a net 
basis when the currently existing vegetation no longer protects the soil being entrained by the 
wind.57 



Regionally, development of large-scale renewable projects can also decrease air quality 
impacts due to construction exhaust emissions and dust, though local air quality may also 
improve due to the reduction in combustion of natural gas in homes, at commercial and 
industrial sources, and in the operation of gasoline and diesel vehicles. For example, in 
California’s Antelope Valley, dust issues during construction of the 230-MW Antelope Valley 
Solar Ranch 1 (AVSR1) project led to violations of the Federal Ambient Air Standard, resulting 
in a halt to construction by the Antelope Valley Air Quality Management District and Los 
Angeles County. According to media reports, residents of the area also blamed dust for causing 
respiratory distress and potential exposure to soil-borne Valley Fever (Trabish 2013). 



                                                      
57. Utility-scale solar energy projects transform the landscape, not only within the footprint of the 



generating facility, but also through associated roads and transmission lines. Typically, this requires 
significant site preparation, including vegetation removal and grading. These activities create significant 
dust emissions, particularly in arid environments. Munson SM, Belnap J, Okin GS. 2011. Responses of 
wind erosion to climate-induced vegetation changes on the Colorado Plateau. Proceedings of the 
National Academy of Sciences 108: 3854–3859. 
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Construction of utility-scale solar projects have also been claimed to lead to outbreaks of Valley 
Fever in San Luis Obispo County (Cart 2013).  



Overall, under the HES buildout, some communities will have better air quality (due to regional 
and local variations) while others will have worse air quality (due to local variations). While there 
will likely be a net benefit to statewide air quality by moving toward renewable sources, certain 
portions of the state may face an increase in localized emissions due to the sheer number of 
projects required to be developed to meet HES goals.58  



These localized impacts may be disproportionately located near disadvantaged communities. 
Air quality impacts from the developments necessary to meet the HES goals would occur at or 
near the facilities as well as at or near any infrastructure improvements associated with the 
facilities. For example, construction and O&M air emissions would occur at the facilities 
themselves, while transportation emissions associated with construction, O&M, and end of life 
activities would be emitted at roadways going to and from the sites and would therefore also be 
largely proximate to the sites themselves. Associated infrastructure (T&D and substations for 
example) will often have to tie in directly to the sites and have similar construction, operational, 
and transportation related air quality sources near to site development.    



Disadvantaged communities are defined as the top 25% scoring areas from CalEnviroScreen 
along with other areas with high amounts of pollution and low populations. Figure 4-7 provides a 
map of SB535 Disadvantaged communities from the California Environmental Protection 
Agency's Office of Environmental Health Hazard Assessment (OEHHA). These areas represent 
the 25% highest scoring census tracts in CalEnviroScreen 3.0, along with other areas with high 
amounts of pollution and low populations. Figure 4-3, presented above and a section of which is 
presented again below in Figure 4-7 for ease of reference, presents the most likely development 
locations under the HES scenario. As discussed above and indicated by comparison of these 
two maps, disadvantaged communities and areas of likely development tend to be co-located 
and thus it is likely that disadvantaged communities will experience some impacts on air quality 
due to HES development. 
 
  



                                                      



58.  A detailed socioeconomic assessment of these potential localized air quality impacts on various 
disadvantaged communities is not performed here. Additional study, likely case by case, will be 
needed to ensure that disadvantaged communities are not disproportionately impacted by local 
emissions associated with these construction projects.  
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Figure 4-7: California Disadvantaged Communities (L) and Likely Solar Development 
Locations (R)  



Source: OEHHA 2021. 



4.5.8 Aesthetics and Other Community Issues of Concern  
Utility-scale solar projects are increasingly facing local opposition due to adverse visual impacts 
on local communities. In the open desert landscapes of the southwestern U.S., utility-scale solar 
projects can be a source of negative aesthetic impact due to their large size, strong regular 
geometry, and highly reflective surfaces (Sullivan et al. 2012a). Strong public reactions against 
proposed projects are frequently focused on changes to the visual character and quality of an 
area (Smarden and Pasqualetti 2017). When mitigation is required for visual impacts, it often 
involves relocating project elements late in the process, creating project delays and additional 
engineering and environmental investigations, raising costs (Donaldson 2018).  



San Bernardino County Supervisor Robert Lovingood has commented that the rapid 
development of utility-scale solar projects in the County has led to longtime residents finding 
their views of the desert transformed by fields of panels (Baker and Dent 2019). Residents have 
also expressed fears that several newly proposed utility-scale solar projects would make it 
difficult to have nearby California Highway 247 designated as a state scenic highway, due to the 
permanent changes in the desert landscape. As described above, the County amended its 
General Plan Land Use Element in response to these concerns to prohibit utility solar projects in 
certain areas of the County, if more than 50 percent of a project’s output is sold “to the energy 
grid.” This has the effect of restricting solar development on more than 1 million acres (about 
1,600 square miles) of private lands (County of San Bernardino 2019; Roth 2019; Roselund 
2019.). As noted in trade journal PV Magazine, land use restrictions raise further uncertainty 
about the amount of land that can be developed moving forward on either public or private 
lands: 
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This is not the first time that large-scale solar projects have run into conflicts in the 
California desert, despite this area being the home of the first large-scale solar projects in 
the United States, the Solar Energy Generating Systems (SEGS). 



Many large concentrating solar power (CSP) and solar PV plants which were planned for 
public lands in the California desert have been effectively blocked by conservationists and 
Native American tribes, often using the strictness of the California Environmental Quality 
Act to their favor. 



And as the use of public land provided more avenues to challenge these projects, many 
solar developers often shifted to private land, including former agricultural lands. However, 
the irony of San Bernardino County’s ban is that is applies to private land, and County staff 
have even proposed that development be shifted back to public land, “apart from existing 
unincorporated communities” (Roselund 2019). 
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5. WASTE MATERIALS AND VOLUMES 



Renewable energy development will expand the volume of waste materials during the life cycles 
of various material components utilized for solar and wind development. The issue will grow in 
importance as the use of renewables increases and older equipment reaches the end of its 
useful life. Waste material disposal could impact landfills and communities close to landfills, due 
to additional volumes and associated transportation impacts, including GHG impacts. This 
section provides a semi-quantitative overview of the anticipated waste materials, waste 
volumes, and associated waste management issues related to disposal of renewable energy 
infrastructure.  



5.1 Waste Materials Assessment  



An assessment of the potential waste implications of various renewable energy development at 
end of life was conducted by a review of available literature from academic publications as well 
as manufacturers to determine the end-of-life impact of waste streams resulting from 
decommissioned wind turbines, solar PV panels, and both commercial and industrial sized 
energy storage batteries. Due to the similar operational conditions and requirements of the three 
types of units, there is considerable overlap between their components and associated waste 
streams. Twenty-one (21) different components were identified, resulting in fifteen (15) unique 
waste streams. Storage batteries and their resulting waste streams are included in the overall 
analysis for wind and solar technologies, as batteries are commonly used as external power 
storage devices to capture excess energy generated by wind and solar systems. 
 
In addition to understanding the specific waste streams that will be generated by increased 
renewable development, it is important to understand the regulatory implications for each of 
these waste streams, as each must be categorized and managed according to federal and state 
requirements. 



5.1.1 Waste Categorization  
The options available for disposal of a waste stream depend on the characteristics of that waste 
such as toxicity, or feasibility of recycling. The state of California, through its Department of 
Toxic Substances Control (DTSC), classifies wastes under different categories to regulate the 
management and disposal of each waste stream. The following definitions apply to the majority 
of the waste categories identified:   



 Nonhazardous Solid Waste – These are wastes commonly found in households and 
businesses and can be disposed of through a municipal garbage service. Nonhazardous 
solid wastes are most likely to end up in a landfill. 



 Hazardous waste – Certain wastes are categorized as hazardous because they are either 
explicitly listed as hazardous by state or federal regulations, or the waste exhibits 
characteristics described as hazardous in the regulations (based on toxicity, corrosivity, 
reactivity and ignitability criteria). There are additional subcategories of hazardous waste in 
California. The two most relevant to renewable energy technology components are 
Universal waste and used oil: 



- Universal wastes include waste streams that are generated across most businesses and 
industry sectors, and come primarily from consumer products that contain hazardous 
substances. The Universal waste requirements can be applied to these waste streams 
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provided that the wastes are managed in a specific way, and are recycled at end of life. 
Examples include rechargeable batteries, solar PV modules, electronic waste, and light 
bulbs. If these waste streams are disposed of by landfill or incineration rather than by 
recycling, the waste stream must be managed as a hazardous waste. 



- Used oil is handled as a hazardous waste in California. Used oil must be collected by an 
approved used oil collection center (UOCC) which operates under the DTSC’s 
regulations for recycling and disposal. 



 
Table 5-1 identifies the potential waste streams likely to be generated at end of life from wind 
turbines, solar panels, and their associated battery storage. The table also includes the likely 
categorization of each waste stream.  
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Table 5-1: Renewable Energy Waste Stream Analysis 



Renewable Energy Source Waste Streams Components Potential Categorization Options for Management Applicable Requirements References 



Wind 



Cabling/electrical wiring Cables Universal waste Recycle through a certified e-waste 
recyclers 



N/A https://www2.calrecycle.ca.gov/WasteCharacterization/Mat
erialType 



e-Waste Control electronics 
Wind sensors 
Internal and External Lights 
Transformer 



Universal waste Recycle through a certified e-waste 
recyclers 



Electronic Waste Recycling 
Act of 2003 



https://www.calrecycle.ca.gov/electronics/act2003 
https://dtsc.ca.gov/electronic-hazardous-waste/ 
https://www.calrecycle.ca.gov/Electronics/RegInfo/ 



Fiberglass Blades 
Nacelle 



Nonhazardous Solid Waste Disposed through local municipal 
waste agency. Generally is not 
recycled. 



14 CCR § 17017 https://aceinsulation.biz/2019/09/if-i-remove-my-old-
insulation-myself-how-do-i-get-rid-of-it/ 



Fire extinguishers Fire extinguishers Hazardous waste (if not empty) 
Nonhazardous Solid Waste (if 
empty) 



Disposed of or recycled through local 
municipal waste agency.  



California Code of 
Regulations on Fire 
Extinguishers 



https://www.smcfire.org/how-to-dispose-of-fire-extinguisher 



Light bulbs Internal and External Lights Nonhazardous Solid Waste Disposed through local municipal 
waste agency. 



N/A https://lessismore.org/materials/278-led-lights/ 



Metal scrap Gear box 
Cap 
Brakes 
Generator 
Cooling fan 
Tower 
Transformer 



Nonhazardous Solid Waste Metals recycler 22 CCR § 66260.10 https://dtsc.ca.gov/hazardous-waste-management-for-
scrap-metal-recyclers/ 



Transformer oil Transformer Used oil Dispose of through a qualified 
handler 



22 CCR § 66261.3 https://www.calrecycle.ca.gov/HomeHazWaste/reporting/fo
rm303/materialtype 



Used oil Generator  Used oil Recycle through a qualified recycler 14 CCR § 18600 https://www.calrecycle.ca.gov/usedoil 



Solar 



Aluminum/alloy Mounting System Nonhazardous Solid Waste Metals recycler 22 CCR § 66260.10 https://dtsc.ca.gov/hazardous-waste-management-for-
scrap-metal-recyclers/ 



Cabling/electrical wiring Cabling 
Inverter 
Transformer 



Universal waste Recycle through a certified e-waste 
recyclers 



N/A https://www2.calrecycle.ca.gov/WasteCharacterization/Mat
erialType 



e-Waste Transformer 
Inverter 



Universal waste Recycle through a certified e-waste 
recyclers 



Electronic Waste Recycling 
Act of 2003 



https://www.calrecycle.ca.gov/electronics/act2003 
https://dtsc.ca.gov/electronic-hazardous-waste/ 
https://www.calrecycle.ca.gov/Electronics/RegInfo/ 



Metal scrap Inverter 
Transformer 



Nonhazardous Solid Waste Metals recycler 22 CCR § 66260.10 https://dtsc.ca.gov/hazardous-waste-management-for-
scrap-metal-recyclers/ 



PV module (silicon wafers) Photovoltaic Module Universal waste Recycle through a qualified recycler 22 CCR § 66260 https://dtsc.ca.gov/photovoltaic-modules-pv-modules-
universal-waste-management-regulations/ 



Solar glass Photovoltaic Module Universal waste Disposed of or recycled through local 
municipal waste agency.  



14 CCR § 17017 https://www.calrecycle.ca.gov/glass 



Transformer oil Transformer Hazardous waste Dispose of through a qualified 
handler 



22 CCR § 66261.3 https://www.calrecycle.ca.gov/HomeHazWaste/reporting/fo
rm303/materialtype 



Batteries 
(same for solar/wind farms 



Cabling/electrical wiring Cables Universal waste Recycle through a certified e-waste 
recyclers 



N/A https://www2.calrecycle.ca.gov/WasteCharacterization/Mat
erialType 





https://govt.westlaw.com/calregs/Document/I9F2AC740D4BA11DE8879F88E8B0DAAAE?contextData=(sc.Default)&bhcp=1&transitionType=Default


https://www2.calrecycle.ca.gov/WasteCharacterization/MaterialType


https://www2.calrecycle.ca.gov/WasteCharacterization/MaterialType


https://govt.westlaw.com/calregs/Document/I6FB4A1FE1BFE4B698FFF1AF863FEDB30?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://govt.westlaw.com/calregs/Document/I6FB4A1FE1BFE4B698FFF1AF863FEDB30?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://govt.westlaw.com/calregs/Document/I21A7790371674BD4B0F70FB7D3936F81?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://aceinsulation.biz/2019/09/if-i-remove-my-old-insulation-myself-how-do-i-get-rid-of-it/


https://aceinsulation.biz/2019/09/if-i-remove-my-old-insulation-myself-how-do-i-get-rid-of-it/


http://www.cafireprotection.com/fire-extinguishers/#3%20Options%20For%20Disposing%20Of%20Fire%20Extinguishers


http://www.cafireprotection.com/fire-extinguishers/#3%20Options%20For%20Disposing%20Of%20Fire%20Extinguishers


http://www.cafireprotection.com/fire-extinguishers/#3%20Options%20For%20Disposing%20Of%20Fire%20Extinguishers


https://www.smcfire.org/how-to-dispose-of-fire-extinguisher


https://lessismore.org/materials/278-led-lights/


https://govt.westlaw.com/calregs/Document/I9F2AC740D4BA11DE8879F88E8B0DAAAE?contextData=(sc.Default)&bhcp=1&transitionType=Default


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://govt.westlaw.com/calregs/Document/I1E6300709C2211DF9483EFDBF75312D5?transitionType=Default&contextData=%28sc.Default%29


https://www.calrecycle.ca.gov/HomeHazWaste/reporting/form303/materialtype


https://www.calrecycle.ca.gov/HomeHazWaste/reporting/form303/materialtype


https://govt.westlaw.com/calregs/Document/IDBD7785992AD4726AB382C78BC7B38C4?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://www.calrecycle.ca.gov/usedoil


https://govt.westlaw.com/calregs/Document/I9F2AC740D4BA11DE8879F88E8B0DAAAE?contextData=(sc.Default)&bhcp=1&transitionType=Default


https://www.calrecycle.ca.gov/electronics/act2003


https://www.calrecycle.ca.gov/electronics/act2003


https://govt.westlaw.com/calregs/Document/I6FB4A1FE1BFE4B698FFF1AF863FEDB30?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://www.calrecycle.ca.gov/electronics/act2003


https://www.calrecycle.ca.gov/electronics/act2003


https://govt.westlaw.com/calregs/Document/I6FB4A1FE1BFE4B698FFF1AF863FEDB30?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://govt.westlaw.com/calregs/Document/I6FB4A1FE1BFE4B698FFF1AF863FEDB30?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://www.calrecycle.ca.gov/electronics/act2003


https://www.calrecycle.ca.gov/electronics/act2003


https://www.calrecycle.ca.gov/electronics/act2003


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://dtsc.ca.gov/wp-content/uploads/sites/31/2020/10/C.-RegTextFinal-PVM-09252020_no-watermark-PV-Regulations.pdf


https://dtsc.ca.gov/photovoltaic-modules-pv-modules-universal-waste-management-regulations/


https://dtsc.ca.gov/photovoltaic-modules-pv-modules-universal-waste-management-regulations/


https://govt.westlaw.com/calregs/Document/I21A7790371674BD4B0F70FB7D3936F81?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://www.calrecycle.ca.gov/glass


https://govt.westlaw.com/calregs/Document/I1E6300709C2211DF9483EFDBF75312D5?transitionType=Default&contextData=%28sc.Default%29


https://www.calrecycle.ca.gov/HomeHazWaste/reporting/form303/materialtype


https://www.calrecycle.ca.gov/HomeHazWaste/reporting/form303/materialtype
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Renewable Energy Source Waste Streams Components Potential Categorization Options for Management Applicable Requirements References 
or individual units, only 
difference is scale) 



e-Waste Control Unit Universal waste Recycle through a certified e-waste 
recyclers 



Electronic Waste Recycling 
Act of 2003 



https://www.calrecycle.ca.gov/electronics/act2003 
https://dtsc.ca.gov/electronic-hazardous-waste/ 
https://www.calrecycle.ca.gov/Electronics/RegInfo/ 



Lithium ion cells Lithium Ion modules Universal waste Recycle through a certified and state-
authorized battery recycler. 



AB 1125, Sher, Chapter 
572 Statutes of 2005 



https://dtsc.ca.gov/universalwaste/how-is-california-doing-
with-recycling-rechargeable-batteries/ 



Metal scrap Enclosure 
Control Unit 



Nonhazardous Solid Waste Metals recycler 22 CCR § 66260.10 https://dtsc.ca.gov/hazardous-waste-management-for-
scrap-metal-recyclers/ 



Plastic Lithium Ion modules 
Control Unit 
Enclosure 



Nonhazardous Solid Waste Disposed of or recycled through local 
municipal waste agency.  



14 CCR § 17017 https://www.nature.com/articles/494169a 



 
 





https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=200520060AB1125


https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=200520060AB1125


https://dtsc.ca.gov/universalwaste/how-is-california-doing-with-recycling-rechargeable-batteries/


https://dtsc.ca.gov/universalwaste/how-is-california-doing-with-recycling-rechargeable-batteries/


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://dtsc.ca.gov/hazardous-waste-management-for-scrap-metal-recyclers/


https://govt.westlaw.com/calregs/Document/I21A7790371674BD4B0F70FB7D3936F81?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)


https://www.nature.com/articles/494169a
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Wind Turbines 
Of the three selected energy sources, turbines have the most components and waste streams, 
the most unique being the fiberglass blades. The majority of the turbine waste streams are 
nonhazardous or universal, with the exception of transformer oil and generator oil, which are 
treated as used oil. 



Wind turbine blades are composites of fiberglass, carbon fiber, and epoxy resin, cured to stay in 
place. This combination of materials provides the lightweight rigidity of the blades, but also 
makes it very difficult to separate the materials back out. Although there are various emerging 
technologies for recycling in development,59 currently, turbine blades most often end up in 
landfills. Manufacturers have also announced plans to shift towards building materials designed 
to allow for recycling at end of life.  



 
  



                                                      
59. See, for example: https://www.reuters.com/business/sustainable-business/end-wind-power-waste-



vestas-unveils-blade-recycling-technology-2021-05-17/; Wind energy giant Siemens Gamesa claims 
world-first in blade recycling (cnbc.com) 





https://www.reuters.com/business/sustainable-business/end-wind-power-waste-vestas-unveils-blade-recycling-technology-2021-05-17/


https://www.reuters.com/business/sustainable-business/end-wind-power-waste-vestas-unveils-blade-recycling-technology-2021-05-17/


https://www.cnbc.com/2021/09/07/wind-energy-giant-siemens-gamesa-claims-world-first-in-blade-recycling.html


https://www.cnbc.com/2021/09/07/wind-energy-giant-siemens-gamesa-claims-world-first-in-blade-recycling.html
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Figure 5-1: Component Breakdown of a Wind Turbine 



Solar Panels 
Most solar panel waste streams are nonhazardous or universal wastes, with the exception of 
transformer oil. PV modules are composed primarily of silicon-based panels, glass, and 
aluminum. These components can be disassembled or shredded and separated by material. 
Much of the glass and metal parts can be reused for new modules or other applications. The 
process to recycle the silicon panels, however, is extremely energy intensive. Panels must be 
heated at very high temperatures in order to ease the binding between the modular cells. This 
heating process also releases evaporated plastic which can be harmful if breathed. Recyclers 
are developing methods to reuse the evaporated plastic in order to generate the heat required in 
the recycling process, thus reducing plastic vapor emissions as well as energy demands, but 
this process is not yet fully achieved.  



Figure 5-2: Component Breakdown of a Solar Panel 
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Batteries 
Energy storage batteries are made from lithium-ion cells, placed inside modules, which are then 
housed in larger enclosures that contain various monitoring and control electronics. These 
components are the same for commercial units used to power homes or buildings and industrial 
units, typically utilized to store excess power generated on wind farms or solar fields. The 
materials used in each application are similar to the waste streams generated upon disposal, 
with the major difference between the two being size and scale.  



The state of battery recycling is constantly changing with new processes still in development. 
Currently battery modules vary widely in construction and are difficult to disassemble due to the 
materials used to build them.60 The chemistries used in most rechargeable batteries are 
corrosive, and when not stored safely, they have the potential to swell, smoke, and start fires, 
creating significant safety hazards. The operational and safety challenges associated with the 
handling of batteries makes it difficult to create efficient recycling systems for the technology. 
Currently, it is less expensive for battery makers to buy freshly mined metals than to use 
recycled materials, but the economics around this are changing rapidly as new investments are 
made. Governments around the world are making progress to implement battery recycling 
requirements, and businesses are investing heavily in emerging battery remanufacturing and 
recycling technologies.61 Due to the complexity of the technological and economic factors 
around battery manufacturing, remanufacturing and recycling, options will need to be 
reevaluated at end of life to determine the best available options for management. 



Figure 5-3: Component Breakdown of Energy Storage Batteries 



5.2 Waste Volumes 



Literature sources were reviewed to estimate the material inputs and the volume and rate of 
solid and hazardous waste that would be generated as a result of HES deployment and periodic 
replacement and disposal of solar, wind, transmission, and battery infrastructure. Waste 
volumes were calculated using estimates of material inputs to renewable energy technologies 
per unit of power output, and then applying these unit rates to the estimated installed generation 
capacity in 2050.  



                                                      
60. See for example: https://www.science.org/content/article/millions-electric-cars-are-coming-what-



happens-all-dead-batteries 
61. See for example: https://www.nature.com/articles/s41586-019-1682-5 





https://www.science.org/content/article/millions-electric-cars-are-coming-what-happens-all-dead-batteries


https://www.science.org/content/article/millions-electric-cars-are-coming-what-happens-all-dead-batteries


https://www.nature.com/articles/s41586-019-1682-5
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Material inputs to solar and wind facilities are provided in USDOE’s 2015 Quadrennial 
Technology Review (USDOE 2015). Table 10.4 of this report, provided below, lists the material 
requirements for solar PV, wind, and other generation technologies, in units of tons per TWhr for 
aluminum, cement, concrete, copper, glass, iron, plastic, silicon, and steel. These data were 
generated from the Argonne National Labs Greenhouse Gases, Regulated Emissions and 
Energy Use in Transportation (GREET) model. (This model does not address electrical 
transmission infrastructure.)   
  



 
Source: DOE 2015. Table 10.4 Range of materials requirements (fuel excluded) for various electricity 
generation technologies. 
 



E3-CP lists annual generation by technology, in units of GWh, in 5 and 10-year increments 
between 2020 and 2050. Table 32 from E3-CP is presented below.   
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Source: E3-CP Table 32 Annual Generation by Technology (High Electrification Scenario). 
 
The material input requirements per unit of power output from DOE 2015 were applied to E3-
CP’s forecasted 2050 wind and solar generation capacity. The results are shown in Table 6-2. 
Battery materials are not quantified in the DOE Quadrennial report.  



Table 5-2: Material Volumes of Installed Solar and Wind Infrastructure in 2050  



Materials (ton) Solar PV (Silicon) (1) Wind (1) 



Aluminum 215,115 2,343 



Cement 1,170,480 0 



Concrete 110,721 535,488 



Copper 268,894 1,540 



Glass 854,134 6,158 



Iron 0 8,032 



Plastic 66,433 12,718 



Silicon 18,032 0 



Steel 2,499,133 120,485 



(1) Based on E3-CP Table 32, 2050 estimated annual generation by technology (316,346 GWh solar 
and 66,936 GWh wind) and DOE 2015 Table 10.4 (tons/TWh) 



 
Waste streams will be generated as these material inputs reach their end of life. The timing and 
annual rate of waste generation will depend on factors such as the useful life of individual 
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components. Current and projected longevity and rate of turnarounds/replacement of installed 
equipment for wind, solar, and battery storage are summarized below. 



 A 30-year panel lifetime is a common assumption in PV lifetime environmental impact 
analysis (e.g. in life cycle assessments) and is recommended by the International 
Renewable Energy Agency (IRENA) and the International Energy Agency Photovoltaic 
Power Systems (IEA-PVPS) Programme (Frischknecht et al. 2016, cited in IRENA 2016; 
USDOE 2015).  



 Wind turbines typically last 20 to 25 years (TWI 2021).  



 Lithium-ion Batteries have a typical life of 13 years based on a study that found 2.3% 
performance decrease each year, on average. According to Wheeler (2021), batteries are 
typically retired when they have 70-80% capacity remaining. After 13 years, at 2.3% 
degradation each year, a battery has 74% of capacity remaining (Wheeler 2021).  



These lifecyles suggest that the installed solar and wind material volumes from Table 6-2, such 
as 850,000 tons of glass that make up the PV panels and 12,700 tons of plastics in wind 
turbines will be replaced at least once during the next 30 years, and that installed Lithium-ion 
batteries will be replaced at least twice during this timeframe.  



Other energy generation and battery energy storage system components such as the electronic 
controls, metal racking, steel enclosures, cabling, and concrete will have varying life cycles. 
Certain materials, such as cement and concrete may become permanent, or this material may 
be crushed and reused onsite or at other locations for a future land use. (Some of the materials 
listed by DOE, such as plastics were not identified in the waste material assessment above.) 



DOE’s material input estimates exclude transmission and distribution infrastructure such as new 
poles, towers, conductors, and substations, as well as the estimated 13 GW of new behind-the-
meter solar equipment. Gen-ties and long-haul transmission systems typically consist of wood, 
steel, concrete, and conductor cabling. E3-TNC provides estimated land area for gen-tie and 
long-haul transmission under different scenarios, but they do not distinguish gen-ties (typically 
steel poles and conductors carrying distribution voltages from the solar or wind generation 
facility to the existing grid) from long-haul transmission (typically lattice steel towers, spaced 
farther apart and carrying high voltages over long-distances). E3-TNC’s land area estimates 
assume an average gen-tie or transmission corridor width of 76 meters. Using this metric and 
applying it to their estimated corridor land area of 107 km2 in the Full-West constrained scenario 
suggests a total length of about 1,400 km of new transmission corridor infrastructure for this 
scenario. Assuming a typical spacing of 250 meters per transmission pole or lattice tower, and 
double circuit construction, this scenario would require construction and maintenance of an 
estimated 11,300 steel poles/towers with associated concrete, cabling and other components. 
The lifespan of these facilities will vary, and can be reasonably expected to require repair and 
maintenance, and sometimes replacement, over a 30-year period. 



Similarly, a rough order calculation of substation materials can be derived by using E3-TNC’s 
estimate of 120 MW for a typical utility scale solar installation. Assuming each new solar facility 
requires a stand-alone substation averaging 5 acres each, and further assuming a net new 101 
GW of incremental solar (per E3-CP), suggests that on the order of 840 new substations, or 
4,200 acres of substation infrastructure – primarily steel, aluminum, copper and other cabling, 
and concrete – will need to constructed and maintained, with associated material inputs and 
periodic replacement.  
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5.3 Landfill Capacity 



Literature sources were reviewed to determine whether California’s landfills and recycling 
facilities may be constrained by future inflows from end-of-life renewable energy infrastructure. 
As noted above, solar panel recycling is expensive and many components are being landfilled. 
Current costs to recycle a panel can be $20 to $30 versus $1 to $2 to send it to a landfill (NREL 
representative cited in Wesoff and Beetz 2021). An estimated 26,000 tons of PV panels were 
predicted to end up as waste in 2020 (Wesoff and Beetz 2021).   



A recent assessment by CalRecycle indicated that 21 of California's 58 counties, having 41 
percent of the population, will exhaust their disposal capacity within 15 years. Of these, 17 
counties have 8 years or less capacity (CalRecycle 2021a, pp. 4, 31). Policies are in place to 
ensure a continuous 15-year planning horizon for landfill capacity. However, this process is time 
consuming (typically a 7 to 10 year planning process) and land intensive. Future inflows from 
end-of-life renewable energy materials will likely add to the demand for additional landfill 
capacity.   



California’s recycling rate was 37% in 2019, meaning that it did not meet the 75 percent 
statewide recycling goal in 2020 as set out in AB 341 (CalRecycle 2021b). Continued low 
recycling rates can add to landfill capacity limitations.   



In 2019, California exported 19% (by weight) of recyclable materials (CalRecycle 2021b. p.3). 
China has been the largest importer of California’s recyclable materials since 2000. In 2019, 
China imported 32 percent of all seaborne recyclable materials by weight and 23 percent by 
vessel value (CalRecycle 2021b. p.16). Therefore, in 2019, 6% of exported recyclables went to 
China (32% of 19%). Based on 77.5 million tons of material generated in 2019, almost 5 million 
tons were exported to China. Multiple countries, including China, have implemented policies 
related to international trade of recyclable materials (CalRecycle 2021b. p.22). China has 
banned imports of trash, including recyclables, with a rule that started in January 2021 (Rapoza 
2020). Consequently offshore exports of recyclable materials are decreasing. For example, 
Total Seaborne Recyclable Materials exports from California decreased by 7% (by weight) and 
14% (by vessel value) from 2018 to 2019 (CalRecycle 2021b. pp. 14-15). This reduction in 
exports, including recyclables and non-recyclables from end-of-life renewables, may increase 
the demand on California’s recycling and landfilling capacities.  
  





https://www.forbes.com/sites/kenrapoza/2020/11/29/china-doesnt-want-the-worlds-trash-anymore-including-recyclable-goods/?sh=229e2c807290


https://www.forbes.com/sites/kenrapoza/2020/11/29/china-doesnt-want-the-worlds-trash-anymore-including-recyclable-goods/?sh=229e2c807290
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Significant Unavoidable Adverse Impacts Identified in EIRs for Sustainable Communities 
Strategies Implementing Measures to Achieve CARB’s VMT Reduction Targets  



 
Significant 



Unavoidable 
Impacts 



SoCal 
(except 



SD) 
 SCAG 
(2020)1 



SF Bay 
Area:  



ABAG/ 
MTC 



(2021)2 



San Diego: 
SANDAG 



(2021)3 



Monterey 
Bay:  



MBAG 
(2022)4 



Butte:  
BCAG (2020)5 



Transportation: 
VMT Increase 



Above 15% 



SU SU SU SU SU 



Aesthetics 
substantial 



degradation in 
visual character, 
more night light 



glare, etc. 



SU SU SU SU 
 



Agriculture, 
Forests  



SU SU SU SU SU 



Air Quality: 
toxics, sensitive 



uses, smog  



SU SU SU SU  



Biology: species 
and habitat 



SU 
 



SU SU 
 



Cultural, Tribal 
Resources 



SU SU SU SU SU 



Geology, Soils, 
Paleontology 



SU 
 



SU SU  



Greenhouse 
Gas, Energy, 



Climate   



SU SU SU SU  



                                                 
1 Connect SoCal Draft PEIR: Executive Summary, Southern California Council of Governments, December 2019, 
available at Executive Summary - Connect SoCal Draft PEIR. 
2 Plan Bay Area 2050, Draft EIR: Executive Summary, Metropolitan Transportation Commission & Association of 
Bay Area Governments, June 2021, available at https://www.planbayarea.org/sites/default/files/documents/2021-
06/0.0%20Executive%20Summary_DEIR.pdf.  
3 San Diego Forward: 2021 Regional Plan, San Diego Association of Governments, Final Environmental Impact 
Report, December 2021, available at vol1_feir_regionalplan_november2021.pdf (sdforward.com).   
4 2045 Metropolitan Transportation Plan/Sustainable Communities Strategy and Regional Transportation Plans for 
Monterey, San Benito and Santa Cruz Counties, Final Environmental Impact Report, Association of Monterey Bay 
Area Governments, available at 0 Executive Summary_FEIR (SLG) (00704243-2).DOCX (ambag.org).  
5 2020 RTP/SCS, Draft Supplemental Environmental Impact Report, Butte County Association of Governments, 
available at _2020 RTP - SCS SEIR.pdf (bcag.org).  
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Hazards SU SU  SU  
Hydrology & 



Water Quality 
SU     



Land Use, 
Population & 



Housing 



SU SU SU   



Mineral 
Resources 



SU 
 



SU   



Noise SU SU SU SU  
Public Services 



(e.g., Fire, 
Police, Schools, 
Libraries, Parks) 



SU SU SU SU  



Public Utilities 
& Facilities 



SU SU SU SU  



Water Supply SU SU SU SU  
Wildfire SU SU SU SU SU 
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At the age of 17, I won our nation’s closest equivalent to a national lottery, with full scholarships to



Harvard, and then Stanford Law. The daughter and granddaughter of steelworkers, I grew up in



Pittsburg, California, a gritty industrial town on the outskirts of the San Francisco Bay Area, with a



significant Latino and Black workforce.



My dad’s dad and three uncles were recruited by US Steel from the fields near Fresno, where they



worked alongside other Mexican immigrants picking produce. All the dads I knew worked at one of



the town’s factories, mostly in union jobs for the biggest manufacturers: US Steel, Johns Manville,



and Union Carbide. We were an AFL-CIO family.



My dad’s job at US Steel allowed us to live in the “middle” class: he had a secure job with medical and



pension benefits and paid vacations. My siblings and I attended parochial school (tuition for all



three of us was $21.00 per month). I learned to sail in a city recreation class, cutting through the



rainbow surface sheen created by wastewater from the industrial plants that lined the Sacramento



River.



Winters brought an annual day trip to the Sierras, where we slid down snowy hills on inner tubes



and big plastic saucers. Summers brought beach trips to Santa Cruz, where the salt air provided



welcome relief from the coughing and itching that assaulted us as soon as we popped back over the



hill to the acute summer smog in the Bay Area.
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That California no longer exists.



Soon after I started work in 1984 as a newly minted environmental lawyer in San Francisco, my dad



and the vast majority of his fellow workers were permanently laid o� from US Steel. He was 56.



While I spent my days puzzling through how to apply the exponentially expanding federal and stat



environmental laws, regulations, and judicial opinions to California’s factories, my parents



catapulted into economic insecurity just as my sister started college and my brother completed his



welding apprenticeship.



Fortunately, my parents owned their home. But my father’s pension and retirement benefits had



been pared to pennies by the company’s bankruptcy. He would spend the rest of his working career



earning near-minimum wages as a hardware store clerk. My parents’ home, like homes owned by



both sets of grandparents, created the wealth that sustained my parents and long-widowed



grandmothers through illness, job losses, and aging. Owning a home isn’t just a place to live: it’s the



American Dream, our nation’s most successful pathway for elevating working families to the middl



class.



My dad’s US Steel factory, like so many others in California’s rust belt, fell to global competition. But



that isn’t the entire story. During this period, California’s environmental regulators were also piling



on demands that made California’s factories even less able to compete. A General Motors plant in



Los Angeles, for example, made Firebirds — GM’s signature muscle car. Red paint, as it turned out,



required more solvents to achieve the essential shiny finish. In the 1980s, air regulators e�ectively



gave GM the choice of staying in business without red Firebirds or shutting down. GM shut down,



and thousands of workers lost good jobs.



That was only the beginning. As California’s industries shuttered, I lawyered the cleanup and



redevelopment of these lands — turning factories into upscale mixed residential-retail projects,



landfills into parks, tilt-up warehouses into expensive apartments for tech workers, and decayed



single-occupancy hotels into gleaming high-rise towers.



I watched my big law firm peers, like the rest of California’s economic and political elites, retreat



ever deeper into tiny White enclaves like Marin County, where they charge their electric vehicles wit



rooftop solar panels, send their kids o� to elite schools with overpriced burlap lunch sacks, and



clutch their stainless steel, reusable water bottles — all marketed as “green” products but mostly



made in China by workers earning poverty wages, in state factories spewing pollution and powered
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by coal-dependent electric grids, and then shipped across the ocean in tankers powered by bunker



fuel.



As the White environmentally minded progressives with whom I lived and worked allied with the



state’s growing non-White population, California turned reliably blue, giving the Democratic Party



an unbeatable electoral majority that was ostensibly a testament to the power of the state’s new



majority of minorities. But the state’s White environmental donor class continued to wield outsized



power within the progressive coalition.



In my 23 years as a token minority on the board of the California League of Conservation Voters,



with White environmental donors and activists who cycled in and out of agencies like the Californi



Air Resources Board (CARB) and Cal/EPA, a smattering of shorter-time tokens and I were lonely voice



calling attention to how California’s supposedly world-leading environmental and climate regime



was destroying the possibility of homeownership and manufacturing sector jobs for hardworking



members of Latino, Black, and other minority communities.



During those years, I witnessed the creation and repeated emasculation of “environmental justice”



groups. Often incubated, and always bullied and underfunded by White environmental advocacy



groups and philanthropists, environmental justice advocates too often went along with



fundamentally anti-growth policies that blocked housing that was still a�ordable to median-



income households, shuttered unionized industries meeting the most stringent environmental,



workplace safety, and labor protection standards in the nation, and prevented the expansion of the



transportation, water, and public service infrastructure needed by California’s growing population.



Almost four decades after my dad lost his job, California’s air and water are cleaner. The state leads



the world in renewable energy and electric vehicle ownership. But its industrial and manufacturing



sectors have been decimated, and it boasts the highest housing, transportation, and electricity cost



in the country. Its climate accomplishments are illusory, a product of deindustrialization, high



energy costs, and, more recently and improbably, depopulation. Inequality has hit record levels, and



housing segregation has returned to a degree not seen since the early 1960s.



California’s White progressive leadership boasts of creating a “just transition” to an equitable low-



carbon future. But what I have witnessed over my now 37 years as an environmental and land-use



lawyer has been something much darker: the creation of a new Green Jim Crow era in California.
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1.



In 2019, nearly 60 percent of households earning over $150,000 per year were White; only 18 percent



were Latino or Black. About 44 percent of all Black and Latino households earned less than $35,00



per year, near or below poverty levels in high-cost California. According to the United Ways of



California, over 30 percent of California residents lack su�icient income to meet basic costs of livin



even after accounting for public assistance programs — those struggling families include half of



Latino and 40 percent of Black residents.



Wealth disparities by race are even larger than income disparities, as are the barriers to



homeownership. The US Census Bureau found that homeowners have 88.6 times the median net



wealth of renting households, a median net wealth of $269,100 compared with just $3,036 for



renters.



According to the state Legislative Analyst’s O�ice, just 30 zip codes housing just 2 percent of the



population account for 20 percent of state wealth. Three-quarters of Californians live in the least



wealthy 1,350 zip codes and hold less than one-third of the state’s wealth.



In 2019, 63 percent of all White California households were homeowners, but just 44 percent of



California Latino and 36 percent of Black households owned homes. Federal Reserve data indicat



that the wealth of Asian households that are not heavily represented in the state keyboard



economy’s high-tech bracero program — the use of short-term HB-1 visas to import highly trained



workers at bargain prices — lags far below the White population and aligns more closely with



Black and Latino wealth.



For about 54 percent of all renters in California, housing costs exceed 30 percent of household



income, the traditional definition of housing a�ordability. Nearly 70 percent of all state



households with una�ordable housing costs consist of people of color.



Racial inequality is exponentially magnified by housing. Housing equity makes up nearly 60



percent of the total net worth of minority homeowners compared with 43 percent of White



homeowner wealth. Black, Latino, and other historically disadvantaged groups rely on mortgage



payments to build wealth through homeownership while also paying for necessary housing; there



is little to no excess cash available to buy stocks, bonds, and other assets.



In January 2021, the median California home cost nearly $700,000, up 21 percent from the prior yea



and required an annual income of $122,800 to qualify for a mortgage of $3,070 per month. Based



[1]
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on that measure, only 20 percent of state Latino and Black households, half the national rate, could



qualify to buy a house in the state compared with 40 percent of White households.



In jobs-rich western Bay Area counties, median homes cost $1.3 million to $1.65 million. In this,



the heart of progressive California, homes are una�ordable for 92 percent of Black, 85 percent of



Latino, and 78 percent of Asian households compared with 35 percent of White households. As



president of the California Association of Realtors noted, “The wide a�ordability gap in California



between Whites and people of color demonstrates the legacy of systemic racism in housing, which



has created inequities in homeownership rates across these communities.”



For this reason, the civil rights movement has for years prioritized expanding minority



homeownership rates to close racial wealth gaps caused by housing discrimination. The state’s



climate policies now directly impede this critical homeownership goal by demanding that the vast



majority of new housing be built in the state’s most expensive urban infill locations as high-densit



multifamily, and almost invariably rental projects.



Housing in these locations and this physical form is the most costly of all to construct — far



more costly than wood-framed single-family homes, duplexes, townhomes, and garden apartments



Simple economics explains why most people do not live in high-rise buildings in high-rise



neighborhoods in California cities.



Worse, this climate-based housing policy accelerates the displacement of communities of color



from urban employment centers and, in many high-profile examples, gentrifies these



neighborhoods for a�luent professionals. San Francisco, Oakland, and Los Angeles, all epicenters o



California’s progressive elites, boast shiny new residential towers alongside soaring homelessness



rates and declining minority populations.



Because high-density urban housing units are so expensive to build, rents for even the smallest new



studio apartment are often more than median monthly mortgage costs. The few households of



color that can pay such exorbitant rents build no equity over time. Most are displaced to



increasingly concentrated pockets of poverty in urban locations or to outer suburbs from which



they must commute for hours each day.



The second supervisorial district in Los Angeles County has been called “the crowning glory of black



political power in Southern California.” Bowing to the infill demands of White climate advocates



Herb Wesson, the Black former president of the Los Angeles City Council, expedited approvals for a



1,200-unit housing project next to a light rail stop. It features a radiant blue 30-story luxury high-
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rise called the “Arq” — the only such structure for miles. The Arq is surrounded by dense rectangles



of lower-rise apartment blocks that physically fortify the tower from neighboring communities of



color. The entire project o�ers no a�ordable housing. Prior to the pandemic, studio apartments



rented for $3,121 per month, and two-bedroom units were $5,292 per month.



The executive director of the Crenshaw Subway Coalition, a community group working for equitabl



housing and development in the area, characterized the project as a “poster child for wildly out-of-



scale development,” arguing that it is “clearly not for existing residents,” “feeds concerns about



gentrification,” and was aimed at “upscale employees in nearby Culver City, while acting as a slap in



the face to the surrounding South Los Angeles neighborhoods of mostly Black and Latino



residents.” The city council approved the project without a single local hire requirement. In



November 2020, Wesson lost by a landslide in his bid to win a seat on the Los Angeles Board of



Supervisors in an election marked by opposition to gentrification.



Similar examples abound statewide and have spilled over into the homeless crisis. In an order



demanding that Los Angeles house tens of thousands of “skid row” unhoused residents, Federal



District Judge David Carter noted:



"Nearly half of newly constructed [housing] units in Los Angeles between 2012 to 2019 were in lower



income communities. Yet 90% of the new construction during that period is una�ordable to



working-class tenants in Los Angeles. By concentrating new housing initiatives in lower income-



communities [which are also more likely to have frequent transit service], older buildings are razed



and replaced by higher cost units, further decreasing the availability of a�ordable living for tenant



in those communities and driving gentrification."



Demands from California’s climate and environmental advocates for high-density urban housing



are making it less possible for Black, Latino, and other residents of color to even stay in their own



neighborhoods, let alone buy a home.



2.



California’s racist climate housing policies are strongly linked to its racist climate transportation



policies. Limiting new housing to high-density residences in transit-dependent neighborhoods is



intended to reduce greenhouse gases (GHG) by demanding that people drive less, take the bus or



other public transit more, and reduce vehicle miles traveled (VMT). CARB has decided that a 15
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percent reduction in statewide VMT is required to achieve an unlegislated GHG reduction target by



2050. CARB has pursued this VMT mandate even though Governor Gavin Newsom, in September



2020, issued an executive order directing that all new passenger cars and trucks be zero-emission by



2035.



CARB’s fealty to mass transit compounds the economic unattainability of housing. Researchers hav



repeatedly documented that the lack of a�ordable automobile ownership is a key driver of racial



inequality, reducing employment, weekly hours worked, and hourly earnings for low-income



workers. Public transit, the “solution” wealthy Whites imagine will supplant personal vehicles,



does not work for many people in less-a�luent communities of color, where housing, employment



and other opportunities are often more dispersed and many more jobs can be accessed in a 30-



minute drive than a 30-minute ride on public transit. Unlike a�luent residents in the keyboard



economy, workers of color more often have multiple jobs, commute during non-peak hours, and



simply cannot use transit to “balance work, child care, elder care.”



The fact that “poor people tend to convert even small increases in income into vehicle purchases,” a



recent UCLA study observed, is “testament to how valuable vehicle access” is for disadvantaged



communities. It’s also why, despite billions spent on new rail and bus facilities, transit ridership



throughout the state was rapidly falling even before the pandemic. Low-income, primarily Black



and Latino workers make fewer but more essential automobile trips, with greater social benefits fo



work, food, health, and other necessities. Wealthier, largely White residents take far more



discretionary personal automobile trips.



CARB’s VMT reduction mandate does not a�ect housing or transportation for largely White



homeowners living in homes that already exist. Instead, CARB compounds racist housing and



mobility constraints by requiring that aspiring homeowners who can a�ord to buy only less



expensive and, for many, more desirable suburban-scale housing instead of living in smaller, highe



density rental apartments in transit-dependent neighborhoods somehow reduce their per capita



VMT by at least 15 percent in relation to a county-wide average VMT. Authorities in San Diego Count



determined that the state’s VMT reduction mandate, which has never been achieved in California o



any other state, would increase the cost of each home between $50,000 and nearly $700,000.



Fresno, one of the state’s more a�ordable cities for aspiring homeowners, has a Black and Latino



population of nearly 60 percent compared with a White population of 27 percent. In June 2020,



Fresno’s elected leaders embraced the state’s VMT reduction requirement even though city council



members admitted they had no idea how it could be achieved or would a�ect housing costs. City



[20]



[21]



[22]



[23]



[24]



[25]



DONATE





https://thebreakthrough.org/


https://thebreakthrough.org/donate








sta� cited a building industry estimate that VMT constraints could add at least $23,000 to the cost o



new residences in the city, but quickly acknowledged that “it could cost more.” Nevertheless, the



council dutifully imposed the mandate by a vote of 5–1.



Neither San Diego County nor Fresno o�icials can promise that any fee will actually result in



anyone driving any less. What is known is that even high-density, high-cost housing built on infill



lots in suburban neighborhoods cannot change the transportation options available to residents in



that location. Existing (Whiter, wealthier) homeowners again get a climate pass, while aspiring new



homeowners get a massive VMT fee: housing injustice compounded by transportation injustice.



Even without the VMT mandate, climate leaders are demanding Californians spend far more on



transportation. Governor Newsom signed his executive order banning the sale of internal



combustion vehicles on the hood of an electric vehicle (EV) costing more than $50,000, while use



compact cars a�ordable to low-income Californians cost $2,500. “How will my constituents a�ord



an EV?” asked assembly member Jim Cooper on the day the order was signed. “They can’t. They



currently drive 11-year-old vehicles.”



A 2015 analysis concluded that the cost of providing newer, cleaner, and much less expensive



conventional vehicles to low-income workers in California was about $12,000 per car. This cost,



the study concluded, “would probably limit the appeal” of such a program to just “a small number o



households.” Much higher subsidies are necessary to provide lower-income residents with access to



far more expensive EVs.



In 2021, the California legislature and governor again resisted e�orts by environmental justice



advocates to limit taxpayer subsidies for EV purchasers to middle- and lower-income workers.



Instead, such subsidies will continue to be available to all EV purchasers — the vast majority of



whom are White or Asian, male, earn over $100,000, live in the state’s wealthier coastal areas, and



drive less than those in more distant a�ordable communities.



3.



CARB’s VMT mandate is already reshaping housing planning across the state in ways that replicate



the state’s historically redlined and racist housing patterns.



In 2020, the Southern California Association of Governments (SCAG), a regional agency charged with



planning adequate and equitable transportation, housing, and economic development for most of
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Southern California, created maps for new housing at densities and locations needed to achieve a



regional 19 percent VMT reduction target by 2035 mandated by CARB. The region has a projected 1.3



million-unit housing shortfall over the next decade. SCAG sta� determined that new housing



should be in neighborhoods where per capita VMT was already low due to either (i) housing



overcrowding or (ii) proximity to frequent fixed-route public transit, which is legally presumed by



state regulators to cause residents to drive fewer miles. The result, depicted in Figures 1, 2, and 3,



perfectly aligns with the region’s historical pattern of racist redlining: no new housing should be



built in majority-White wealthy neighborhoods, while massive blocks of multifamily housing



should be crammed into low-income community of color neighborhoods.



Figure 1 shows the alignment of VMT with historical redlining in Long Beach, as hauntingly



described by Richard Rothstein in his myth-busting book, The Color of Law, in which he proves that



racial residential segregation was de jure — created by law and government policy, not by de facto



capitalism or private “choice.” 



Figure 1: Long Beach VMT Reduction Housing Plan (SCAG 2020)



To reduce VMT from new housing, no new housing should be built in the red square polygons, most



of which consist of historically White-only, single-family home neighborhoods constructed by the



aerospace industry for its White workforce. The median income of over $100,000 in these “high VMT
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neighborhoods substantially exceeds the region’s average, and the majority or plurality of



households are White.



In contrast, most new housing is to be built in the green polygons consisting of the poorest



neighborhoods of Long Beach, with the highest percentage of community of color households and



lowest percentage of White households, and which are bisected by a light rail line and thereby



qualify for the state’s legal presumption of lower car use. SCAG’s sta� and consultant team blithely



defended this housing pattern until called to account — and were then forced to acknowledge the



conflict between California’s housing laws and climate goals. SCAG’s governing body of elected



o�icials subsequently prohibited use of the sta�’s VMT redlining plan.



SCAG’s VMT-based housing plans repeated this pattern everywhere in the region, doing exactly wha



Judge Carter found Los Angeles had done by concentrating costly new housing in the region’s



lowest-income neighborhoods. The VMT regime’s fierce rejection of homeownership was most



vividly on display in Ontario, one of the largest cities in the fast-growing “Inland Empire” east of the



coastal counties. Ontario had long planned the buildout of its southern neighborhoods to



accommodate new homes a�ordable for purchase by median-income families: typically two-story



houses on small lots with a mix of walkable schools, parks, and retail destinations. SCAG’s plan was



to end housing construction in Ontario’s southern neighborhoods, even though these homes were



already under construction and selling briskly — mostly to Latinos and other people of color. 
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Figure 2: Ontario VMT Reduction SCAG Housing Plan (2020)



In Ontario, as in Long Beach, SCAG’s VMT plan called for new housing to be built in poorer minority



neighborhoods served by a bus or in the city’s bustling commercial employment centers located



next to a freeway used by a bus. Displacement of poor minority residents and local jobs was not a



factor for the SCAG VMT climate “expert” consultant team.



The Bay Area is also remarkably segregated. In early 2021, climate-friendly San Francisco leaders



were stunned when the Bay Area equivalent of SCAG proposed a “smart growth” plan that forced



hundreds of thousands of high-cost, high-density housing into the region’s few remaining legacy



minority communities. The plan largely ignored building housing in locations like infamously



racist Marin County. “It’s Black and brown families that get displaced” by bunching dense new



apartments near transit to cut greenhouse gas emissions, one San Francisco County supervisor told



the San Francisco Chronicle. “We have seen this show before.”



The low-VMT planning maps for the Bay Area also replicate the racially exclusionary and



displacement/gentrification patterns proposed by SCAG sta� in Southern California. Figure 3 show



the historical redlining map of Oakland, where communities of color were denied access to



federally insured mortgages in the flatlands while White wealthy hill communities to the east of th



city center had ready access to such mortgage assistance. The “low VMT” Oakland map where new



housing is to be concentrated aligns nearly precisely with the redlined Black neighborhoods,



whereas the “high VMT” wealthy White neighborhoods where housing is to be avoided in the name



of climate change were the longtime beneficiaries of federally insured mortgages.
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Figure 3: Oakland’s Historical Redlining Map
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Figure 4: 2019 VMT Housing Map



White, a�luent climate activists insist they will help fund “a�ordable housing” for displaced



households of color. But no existing or reasonably foreseeable funding could possibly redress the
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harm created by climate housing and VMT racism, nor is “a�ordable housing” a lawful substitute fo



attainable homeownership.



In the Bay Area alone, planners estimate that subsidies of $43,000 to $163,000 per unit, a total of $44



million to $2.3 billion, would be needed to make “climate-friendly” housing even remotely



a�ordable for all but the most a�luent. In 2016, the state Legislative Analyst’s O�ice estimated



that subsidies of $165,000 per unit would be necessary for a�ordable housing in coastal



communities. Statewide, the cost would be $250 billion.



These calculations also fail to account for the fact that simply making infill housing a�ordable to



qualifying low-income households, via either subsidized rents or below market sale with deed



restrictions that limit resale value, can’t build equity and wealth for these households in the way



that traditional homeownership does. And all of these estimates predate the pandemic, which



disproportionately and severely reduced the employment, income, and health of state communitie



of color and raised the required level of subsidies for high-cost housing.



Notwithstanding progressive rhetoric about diversity and inclusion, California’s climate policy



makers are not planning for housing typologies or transportation solutions that actually pencil ou



for aspiring median-income homeowners, the majority of whom are no longer White.



4.



Adding insult to injury, California’s energy policies disproportionately hit low- and median-income



communities of color coming and going, raising household energy costs while limiting



opportunities for employment in the well-paying, often-unionized, energy-intensive sectors of the



state’s economy.



Black and Latino households are already forced to pay from 20 to 43 percent more of their



household incomes on energy than White households. A household energy cost of more than 6



percent of total income is considered the measure of energy poverty. In 2020, over 4 million



households in California (30 percent of the total) experienced energy poverty. Over 2 million



households were forced to pay 10 to 27 percent of their total income for home energy. Between 2011



and 2020, the state’s home energy a�ordability gap rose by 66 percent, while falling by 10 percent in



the rest of the nation.
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California has the highest electricity and highest gasoline costs in the nation, with electricity prices



50 percent higher than the national average and gasoline costs exceeding even import-reliant



Hawaii in the center of the Pacific Ocean. “These higher costs,” assembly member Cooper wrote in



a 2020 letter to environmental groups, “impact disadvantaged communities, especially those who



live in areas like the Central Valley, and force them to pay more for energy costs than coastal



community households do.”



The state’s generous net metering policies for rooftop solar panels are already making these



inequities worse, as the costs of these programs are ultimately paid for predominantly by the state’



less-wealthy homeowners and renters. In 2021, legislation introduced by assembly member Lorena



Gonzalez to end these racist solar subsidies was defeated, following pressure from the state’s



environmental and climate advocacy groups.



But una�ordable utility bills are only half the story. California climate policies also require the



elimination of hundreds of thousands of conventional energy jobs, and will adversely a�ect



millions of other jobs in energy-dependent and related industries. These sectors provide stable,



higher-paying employment for less educated residents, the majority of whom are workers of color



and recent immigrants. In 2019, 29 percent of all new immigrants had not graduated from high



school. A further 20 percent finished high school but did not attend college. As better-paying blu



collar work has evaporated, most have ended up in the state’s lowest-paying jobs — that massive



cohort of nearly 40 percent of Californians who cannot a�ord to pay routine monthly expenses.



An analysis of 2017 data by the Los Angeles County Economic Development Corporation (LAEDC)



found that “across all levels of education, earnings are higher in oil and gas industries compared to



the all industry average.” The energy sector provides over 152,100 direct and 213,860 indirect and



induced jobs in California that pay higher wages and benefits for individuals with lower levels of



education. This workforce is ethnically and racially diverse, and about 63 percent of all employees



have less than a bachelor’s degree.



LAEDC also showed that another 3.9 million California jobs (16.5 percent of total state employment



rely on purchases from or use products sold by state energy producers, including chemical,



machinery, and metal products manufacturing, wholesale trade, utilities, and transportation, as



well as professional, scientific, and technical services. Most of these sectors also provide higher-



paying jobs for workers of color, often in more a�ordable areas of the state. These jobs are also at



risk from the forced elimination of the in-state energy sector.
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California climate advocates have utterly failed to provide a convincing explanation for how



workers of color employed in existing energy and energy-dependent sectors will support their



families once these industries are gone. Many, like the fantastically wealthy, famously haughty John



Kerry, now the nation’s “climate envoy,” airily suggest that green employment will replace job losses



in the fossil fuel sector. Even the staunchly progressive Washington Post conceded that this was



unlikely, noting that rapid growth in the wind and solar industries over the next decade could



plausibly replace at most 20 percent of the workforce of the coal industry alone.



Trade unions and their Democratic political allies aren’t buying what California’s climate



cognoscenti are selling either. “Career opportunities for renewables are nowhere near what they are



in gas and oil, and domestic energy workers highly value the safety, reliable duration and



compensation of oil and gas construction jobs,” North America’s Building Trades Unions said in Jul



2020 after conducting two studies of the industry. “We can hate on oil, but the truth is our



refinery jobs are really good middle class jobs,” echoed California state senator and labor leader



Lorena Gonzalez. “Jobs can’t be an afterthought to any climate change legislation. We must have



specific plans that accompany industry changes.”



There are no such plans. California’s oil consumption continues, slowing only with the pandemic,



while progressive climate elites see no irony in forcing California’s minority communities out of



jobs while importing more oil from Saudi Arabia and other countries not known for adherence to



progressive labor, gender, environmental, or civil rights values.



Instead, many climate advocates have retreated to vague notions of supplying a forcibly



unemployed workforce with a universal basic income or universal basic services. Even then,



some would limit such subsidies to what they determine will meet only basic costs of living and



“sharply reduce consumption of material goods created in environmentally harmful ways.” The



Bay Area’s Metropolitan Transit Commission recently proposed a $205 billion statewide universal



basic income program, comprising a $500 monthly payment to all households. Even were the



state, or even the wealthy Bay Area, willing to enact such a program, it would o�er pitifully little



income support for low-income households. For comparison’s sake, federal unemployment



insurance during the pandemic o�ered $400–600 per week to individuals.



One thing, though, seems much more certain. State climate leaders appear determined to continue



to impose regressive and racist deindustrialization schemes on aspiring communities of color.
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5.



All of these racist housing, transportation, and energy outcomes will occur even if everything goes



as planned by state climate authorities. It almost certainly won’t.



In 2008, California voters approved an initiative for a high-speed rail line linking Los Angeles,



Sacramento, and San Francisco at a cost of $33 billion. Thirteen years later, costs rose to more



than $100 billion. By 2021, the state was struggling to complete just a 171-mile line from Merced to



Bakersfield with a track right of way of about 1,000 acres.



California already imports more than 25 percent of current state electrical demand. To electrify



buildings and light-duty vehicles by 2050, it must successfully build, connect, and deliver electricity



from new solar and wind installations about 100 to 300 times the size of the still-uncompleted



Merced to Bakersfield high-speed rail line each year for the next 30 years. The state has not



identified or secured rights to use more than a minute fraction of the land this sprawling,



multidecade energy development project will require.



Environmental challenges alone will almost certainly preclude anything like the mammoth scale o



new energy construction imagined by California climate advocates. In 2019, the state’s own



electrification consultants prepared a study for The Nature Conservancy showing that new solar



and wind facilities consistent with the state’s clean energy targets threatened sensitive habitats an



resources throughout the western United States. The study concluded that more



environmentally protective development scenarios were significantly more costly without a large-



scale expansion of interstate transmission capabilities.



Meanwhile, local governments (and voters) are increasingly resistant to utility-scale renewable



development. San Bernardino County, the largest county in California, comprising much of the



state’s prime wind and solar sites, has banned the construction of new industrial-scale wind and



solar facilities on over a million acres of land.



Then there’s the need to locate, mine, and refine unparalleled amounts of raw materials to



manufacture millions of solar panels, wind generators, grid-scale batteries, grid distribution and



transmission upgrades, and millions of new electrical home heating, cooling, cooking, and water-



heating appliances and EVs. No one knows whether the world’s mining and manufacturing



capacity can feasibly meet California’s demand, let alone global demand. Some key materials,



including graphite, lithium, and polysilicon used in renewable generation, are produced using chil



or forced labor in unsafe conditions.
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California also has not yet comprehensively planned for renewable energy waste management,



including the need to replace and dispose of a massive amount of worn-out panels, turbines, and



batteries each year. Nor has the cost of actually electrifying and retrofitting existing buildings and



installing enough chargers and other infrastructure for a statewide fleet of EVs been fully assessed.



In the UK, cost estimates for decarbonizing just residential buildings by 2050 are now said to have



been underestimated by up to $90 billion. A former principal policy advisor for the California



Energy Commission estimates that the bill for state electrification is $2.8 trillion, which would b



$71,400 per capita.



Even if solar, wind, and battery prices continue to fall as state bureaucrats hope, wind and solar



power require backup supplies to maintain grid frequency and reliability. Climate regulators use



terms like “net zero carbon” to mask reliance on natural gas generation, excuse the shutdown of the



state’s sole nuclear plant, resist increasing pumped generation even from existing hydroelectric



reservoirs, and block biomass generation — notwithstanding the state’s urgent need to reduce



catastrophic wildfire risks by removing dead and dying vegetation caused by a century of forest



mismanagement and periodic droughts.



Numerous studies from leading researchers have now demonstrated that running California’s



entire electrical grid on wind, solar, and batteries alone, as much of the state’s environmental



leadership insists, is both infeasible and almost unimaginably costly. For all of these reasons, it i



highly unlikely that California will successfully electrify as planned by 2050.



Meanwhile, California’s a�luent White homeowners have already seen the future of the California



electricity grid — and it’s ugly. With planned blackouts to reduce wildfire risks, many of California’s



most a�luent communities experienced multiple days without electricity: no EV car charging, no



smartphones or laptops, no refrigerated food, no electric cooktops or microwaves. Their response,



predictably, was to rush to restore reliable on-demand electric supplies a�ordable only to



homeowners with extra cash on hand, who bought either home-based generators (propane or



gasoline) or their own solar battery storage array.



California’s future electricity system is on track for the wealthy to continue to have on-demand



reliable electricity, either self-generated and stored or at ever-escalating costs. Everyone else will



need to make do with unreliable and costly electricity.



6.
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What the soaring environmental rhetoric of the state’s a�luent, largely White technocratic



leadership disguises is a kludge of climate policies that will only, under the best of circumstances,



partially decarbonize the state’s economy while deepening the state’s shameful legacy of racial



injustice.



Why, then, has the nation’s most diverse state, and by many accounts its most progressive,



undertaken such a racist climate social engineering project? Part of the answer is that the climate



agenda is almost entirely a creation of a�luent White European and North American scientists and



environmental advocates. The New York Times has characterized the geosciences as one of “the least



diverse” of “all fields of science,” a problem that adversely a�ects research “quality and focus . . .



especially on climate change.”



Scientists have long established a strong relationship between rising atmospheric concentrations



of greenhouse gases and rising global temperatures. But e�orts to project the likely increase in



temperatures and the impacts associated with that warming into the future remain fraught with



uncertainty.



Nonetheless, an a�luent, insular, White research community has, for years, advanced a highly



misleading representation of climate risk, publishing over 4,000 peer-reviewed articles that



misconstrued highly improbable catastrophic climate scenarios as a terrifying vision of a “busines



as usual” future. These scenarios are then further amplified through the failure to take into



account the capacity of societies to adapt to a warming climate. The worst-case scenarios that so



much of the climate impact literature has been overly dependent upon are also those with the



highest energy use and economic growth, both of which are highly correlated with greater climate



resilience.



The state’s overwhelmingly White climate activists, underwritten by its overwhelmingly White



billionaires, have, in turn, demanded unprecedented action to remake the state’s economy and its



communities in response to an existential threat, one that they explicitly assert trumps all other



concerns. They do so, outrageously, in the name of protecting so-called frontline communities —



meaning low-income communities of color in the United States and around the world — even



though the primary factor that makes those communities vulnerable is their poverty and even as



those ostensibly advocating for actions to address the problem advocate for climate mandates that



are demonstrably making those communities poorer and more vulnerable to climate change.



The state’s exclusively White, wealthy, climate-centric governors — and CARB’s immediate past chair



Mary Nichols, who served under each — have responded by designing California’s climate agenda, t
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a historically unmatched extent, through executive fiat in lieu of democratic legislation.



The state’s first sweeping climate change executive order was signed by Arnold Schwarzenegger, a



multimillionaire actor. This was followed by orders penned by Jerry Brown, heir to a California



political dynasty, who is now comfortably retired on his 2,514-acre ranch. Today’s marching



orders, such as the phaseout of internal combustion engines in new vehicles, emanate from Gavin



Newsom, a privileged son of Marin County, who has been lavishly supported throughout his



business and political career by some of the richest families in the state.



Led by CARB, California’s regulatory bureaucracies have leveraged the state’s string of executive



orders to pursue a climate agenda with little input from the legislature — often without express



legislative authority, and at times imposing mandates that the legislature has itself repeatedly



opposed. Newsom’s ICE executive order, for instance, followed the legislature’s decision to explicitly



reject this mandate.



The resulting climate policies are rarely challenged by Black and Latino political leaders hailing



from the same party, dependent on the same donor class, and acutely vulnerable to attacks from



progressive environmentalists, who use low-turnout primaries to challenge them from the left



should they question the climate dogma of White experts and advocates.



California’s climate agenda, in short, was constructed by White climate activists and donors,



implemented by White governors and technocrats, in response to a crisis constructed by White



scientists. What could possibly go wrong?



7.



“What’s White, Male, and 5 Feet Wide? Bay Area’s Bike Lanes,” the San Francisco Chronicle memorably



quipped. While California’s environmental technocrats propose to herd its poor non-White



residents into public transit they can’t use and high-density housing they can’t a�ord, they shower



green subsidies upon the state’s wealthiest residents.



The state pays wealthy Californians to buy EVs and install rooftop solar with publicly funded



subsidies and pours billions into transit extensions and bike lanes for well-to-do bedroom



communities that hardly use them. Imagine if the state took the same approach to its wealthiest,



Whitest residents as it does to its poorest communities of color. Climate equity demands that it



should: wealthy households generate significantly more greenhouse gas emissions than average-
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and lower-income households. One study found that “high-income residents emit an average of



25% more GHG than low-income residents” and “high-emissions neighborhoods are primarily high



income or extremely high income,” emitting up to 15 times more GHG than low-income



neighborhoods.



One need not think long or hard to anticipate the backlash that would ensue if the state’s policy



makers proposed a heavy carbon tax on homes larger than 2,000 square feet, required removal of



gas cooktops and grills from homes valued over $1,000,000, or charged steep VMT fees for all miles



driven in high VMT neighborhoods.



But unlike the communities of color most harmed by California’s housing and transportation



policies, climate regulators are not demanding that rich White households sell their single-family



homes, forgo cars to ride the bus, and eliminate their disproportionate use of aircraft.



The enormous subsidies necessary to coax the state’s wealthiest residents to go green belie claims



made by California’s environmental elites that the state currently has, or soon will develop, the



technology necessary to deeply cut emissions while equitably growing its economy.



The state may lead the world in renewable energy. But its electrical grid is a shambles. California is



the most energy-e�icient state in the nation, but that is primarily due to its temperate climate,



expensive energy, and decades of deindustrialization, not green technology.



The state is still enormously wealthy. But economic growth in the Golden State in recent decades ha



been predominantly driven by the keyboard economy, entertainment, real estate, and tourism,



which o�er little opportunity for economic mobility for low-income communities of color.



Fifteen years after California embarked upon its present climate regime, there are finally signs that



the state’s most vulnerable communities of color are less willing to defer to overwhelmingly White



climate experts and continue to bear the disproportionate cost burdens imposed by California’s



climate leaders. Black assembly member Jim Cooper has publicly demanded, “at the very least,” that



White-led environmental groups and “policy making arms like CARB explain why they are



promoting policies that systematically drive racial economic inequities and fuel environmental



racism.” Latino voting rights advocates published a full-page response in the Los Angeles Times



criticizing the Sierra Club’s e�orts to “phase out” a�ordable cars in favor of “expensive EVs,”



eliminate gas-powered “stoves, water heaters and furnaces” that require “us, or our landlords, to



make investments we can’t a�ord,” and that make it possible for “our rich neighbors in the next
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town to charge their Teslas and run their air conditioners on hot days, but make it una�ordable to



use ours.”



In late 2020, a group of veteran civil rights activists and former leaders of the state legislature,



supreme court, and cabinet filed three lawsuits seeking to prevent CARB and other state agencies



from pursuing racist climate housing and VMT policies. “CARB,” the group wrote to the agency in



October 2020, “willfully elected to increase housing costs and make it more di�icult for members of



our communities to close the wealth gap with homeownership.” The group sharply criticized



CARB’s unsuccessful legal defense that it was constitutional for CARB to engage in racially



discriminatory climate policies because “housing was not a protected class.” The group has won on



of the three lawsuits to mandate disclosure of documents. The other two remain pending — and ar



being fiercely contested by the state’s past and current progressive attorneys general.



Even usually docile regional and transportation planning agencies are starting to protest against



the unjust racial consequences of California climate policies. “A slavish commitment to VMT



reduction as the primary means of reducing greenhouse gas emissions,” the chair of the San



Joaquin Council of Governments wrote in a December 2020 letter to CARB, “will prove self-defeating.



. . Local and regional leaders are not going to sign onto strategies that reduce economic growth and



perpetuate social and economic inequalities to further VMT reductions.” After its



catastrophically racist VMT housing maps, SCAG has made resolving the conflict between state



climate policies and the need for housing one of its legislative priorities.



California’s leaders have attempted to divert attention from the growing inequity of the state’s



climate agenda with transparently phony gestures toward woke sensibilities. But Black and Brown



community leaders increasingly aren’t buying it. Mary Nichols, until recently the state’s celebrated



climate czar, saw her hopes of being appointed to head the federal Environmental Protection



Agency and take California’s climate agenda nationwide crumble after her tweet claiming that “‘I



can’t breathe’ speaks to police violence, but it also applies to the struggle for clean air” sparked



intense backlash from environmental justice advocates and Black state lawmakers. That tweet



had been preceded by a decades-long pattern of prioritizing CARB-selected green technologies and



practices favored by global climate advocates over the reduction of localized air pollution health



impacts in communities of color.



8.
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California provides compelling historical evidence that there are far more just alternatives to the



state’s present racist climate policy regime. A generation ago, CARB itself led a war on smog in



California that became a model for the nation. Between 1970 and 2017, according to the US



Environmental Protection Agency, “aggregate national emissions of the six common pollutants



alone dropped an average of 73 percent while gross domestic product grew by 324 percent.” In



addition, “new cars, SUVs, and pickup trucks are 99 percent cleaner” than they were in 1970.



In Southern California, once the poster child for the nation’s polluted airways, ozone levels declined



by five times from their postwar peaks. A bad air day today would barely register under the



criteria used in prior decades.



California achieved these remarkable environmental accomplishments even as it grew to become



the sixth largest economy in the world, built world-class educational facilities and



infrastructure, and pioneered global advances in the media, communications, aerospace,



biotechnology, computer technology, and agricultural industries.



The state did this by developing a�ordable and e�ective strategies to combat smog. Regulators



continually experimented with and evaluated real-world outcomes and competing approaches for



cleaning the air through technological innovations and practices, balanced with the need for



continued economic growth.



Over the past 50 years, Clean Air Act standards under both federal and California law were informed



by the social, technological, and economic trade-o�s associated with various pollution reduction



measures. Importantly, smog programs were altered when they were credibly linked with



disproportionate burdens on communities of color. When it became clear that California’s “cash for



clunkers” program, for instance, was allowing large industrial facilities to buy up a�ordable, high-



polluting older vehicles used mostly by lower-income workers in communities of color, regulators



modified the program.



Sadly, the same agency that once cleaned up the skies while creating historically unprecedented an



equitable economic opportunity for all its residents is today characterized by dogmatism,



arrogance, defensiveness, and obfuscation.



What would it look like for CARB to change course and apply successful lessons from its past succes



to tackle climate change?



First, the state needs to change its climate metrics to no longer credit California with GHG



reductions when people and jobs leave for lower-cost states with higher per capita GHG emissions.



[77]



[78]



[79]



DONATE





https://thebreakthrough.org/


https://thebreakthrough.org/donate








Neither should it pretend that products made elsewhere and shipped to California have zero GHG



while hammering away at industries providing good jobs to California’s communities of color with



lower per-product GHG emissions than imported equivalents.



Second, the need to produce homes a�ordable for median-income families, without taxpayer



subsidies or winning the lottery, is a moral imperative that has been broken by ill-considered



regulatory mandates that increase housing costs without meaningfully reducing emissions. The



California legislature already requires state building code standards to be neutral for residents —



CARB and other state environmental agencies should apply the same principle to their climate



mandates.



Third, the state needs to embrace the best available technology today, even if it’s not zero carbon an



stop making ill-considered technology choices that continue to result in higher pollution impact in



disadvantaged communities. CARB has rejected rules that would mandate trucks powered by



compressed natural gas or biogas, technologies that are feasible today and would both substantiall



reduce greenhouse gas emissions and improve air quality in low-income communities that are



disproportionately a�ected by particulate air pollutants, in favor of an all-electric trucking fleet



that is at best aspirational and may not be technically feasible at all in view of many experts.



That’s absurd: we need to make meaningful incremental improvements to reduce GHG and



improve air quality, just as we made incremental improvements to reduce smog — especially to



reduce pollutant loads in disadvantaged communities.



Finally, the state needs to comply with existing legal mandates to provide a�ordable, reliable energ



to Californians and stop pretending that existing solar, wind, and battery technologies can supply



all or most of California’s energy needs, while the state closes its last nuclear plant and continues to



grant license extensions to its dirtiest gas plants.



All of this is simply summarized as following the Clean Air Act’s successful regulatory pathway for



reducing automobile smog by 99 percent: being methodical, transparent, and technology-neutral —



and respectful of other moral and legal mandates, including civil rights.



My golden lottery ticket gave me a career at the intersection of environmental, land use, and civil



rights laws. For the last 25 years, I have tried to pay my own good fortune forward, by advocating to



close the racial wealth gap exacerbated by the anti-growth advocacy of environmental elites, and



restoring attainable homeownership and upward mobility for tens of millions of people of color



who have yet to realize the California Dream or even the possibility of a stable, working-class
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income with homeownership, like that achieved by my grandparents, my parents, and my own



(Boomer) generation.



We are long overdue to reconsider California’s racist, inequitable, and ine�ectual climate agenda.



There is no reason the state could not continue to lead the world in reducing GHG emissions with



feasible, cost-e�ective technologies and racially equitable strategies that can and would be widely



replicated globally. Justice, equity, and the climate all demand nothing less.  



Jennifer Hernandez is a Breakthrough Fellow, Board Member, and a California lawyer practicing



environmental, land use, and civil rights law. She has received numerous civil rights awards for her work o



overcoming environmentalist opposition to housing and other projects needed and supported by minority



communities. 



This article presents the analysis and opinion of the author, and not her law firm or any other party. The



author represents one of the civil rights plainti�s in pending litigation challenging housing climate



policies. Nothing herein is intended to or does constitute legal advice.
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