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Peer Review of the Economic Supplement
to the AB 32 Draft Scoping Plan
Major Peer Review Comments and Air Resources Board Staff Responses
As required by AB 32, the Air Resources Board (ARB) conducted an economic analysis
of the Draft Scoping Plan. At ARB’s request the results of our analysis were submitted
to peer reviewers for additional review. As indicated below, the major comments that we
received from the reviewers can generally be grouped into several categories.
The purpose of this document is to describe the process that was used to identify peer
reviewers for the Economic Supplement to the AB 32 Draft Scoping Plan, and provide a
summary of the key issues raised by the peer reviewers as well as the ARB staff
response. The document is organized by presenting the key issues raised by reviewers
noted in bold, followed by the ARB staff response. The reviewer comments and
curriculum vitae are attached at the end of this document.
The Peer Review Process
ARB used an established independent process, conducted by the Berkeley Institute of
the Environment (BIE) and administered by staff of the State Water Resources Control
Board for the California Environmental Protection Agency (CalEPA), to select peer
reviewers for the Economic Supplement to the AB 32 Draft Scoping Plan. A total of six
peer reviewers were selected, with the two reviewers from the Pew Center on Global
Climate Change collaborating on their submittal. The selected reviewers were:
Dallas Burtraw, Ph.D.
Senior Fellow
Resources for the Future

Mathew E. Kahn, Ph.D.
Professor
University of California, Los Angeles
Institute of the Environment
Department of Economics
Department of Public Policy

Robert N. Stavins, Ph.D.
Professor
John F. Kennedy School of Government
Harvard University

Gary W. Yohe, Ph.D.
Woodhouse-Sysco Professor
of Economics
Wesleyan University

Janet Peace, Ph.D.
Director of Market and Business Strategy
Pew Center on Global Climate Change

Liwayway G. Adkins, Ph.D.
Senior Fellow, Economics
Pew Center on Global Climate Change

The panel was asked to comment on the methodology employed, key inputs and
assumptions, results, and the interpretation of the results as presented in the Economic
Supplement. The Panel was also asked to comment on additional analyses that ARB
should consider incorporating during the implementation of the Scoping Plan
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Major Peer Review Comments (Summarized and Paraphrased) and ARB Staff
Responses
This section summarizes the major comments provided by the peer reviewers, focusing
on issues raised by multiple reviewers, and provides the ARB staff response.
Baseline Issues
The economic analysis estimated the potential economic impacts of the
Scoping Plan by comparing what the economy would be like in 2020 with the
implementation of the measures in the Scoping Plan to what the economy
would be like under a “Business-as-Usual” (BAU) Baseline. Several reviewers
raised questions regarding how the BAU Baseline was developed and used in
the analysis.
1) Several reviewers had particular questions about how BAU fuel price
forecasts were factored into the BAU estimates. They questioned whether the
price forecasts were used consistently throughout the analysis, and whether
market responses to higher energy prices had been appropriately factored
into the baseline and estimates of future fuel savings. (Stavins, Yohe,
Burtraw, Pew)
The impact of higher fuel prices should be carefully considered. Consumers will
respond to higher projected gasoline prices by reducing demand over what would
otherwise have been expected, due both to reduced driving as well as greater use of
more efficient vehicles. This is particularly relevant with respect to the calculation of
savings for the greenhouse gas motor vehicle regulation (Pavley I). In the economic
analysis the estimated gasoline savings due to the Pavley regulation were not
adjusted to reflect the fact that the forecast for gasoline prices in 2020 is higher than
that upon which the fuel savings was originally estimated when the Pavley regulation
was adopted by ARB. We also note that the overall effects of higher fuel prices
would change the BAU economic and emissions forecasts in ways that are not
captured by this analysis as the effects ripple through the economy.
Because it is difficult to break out the reduction in fuel consumption due to higher
fuel prices versus the portion due to the Pavley regulation, we do not provide an
estimate of the fuel price impact here. To address that impact we analyzed a case
in which we assume as an upper bound that the fuel savings from higher prices are
equivalent to the savings required by the Pavley regulations. To do this we
incorporated the costs and savings we estimated for Pavley into the BAU baseline.
As shown in Table 1, under this scenario the economic impacts of the plan are
positive for most indicators other than gross state product, which experiences a
slight decline.
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Table 1. Effects of Scoping Plan Measures With Pavley I Savings in BAU Baseline
E-DRAM Results
Real CA Output
Gross State Product
California Personal Income
(SPI)
SPI Per Capita
Labor Demand

Scoping Plan
0.92%
0.27%

Scoping Plan Compared to
BAU that Includes Pavley I
0.13%
-0.20%

0.78%
0.43%
0.67%

0.11%
0.00%
0.20%

2) Two reviewers raised questions about which policies and measures were
included in or excluded from the BAU baseline and the economic analysis.
One reviewer specifically suggested that the analysis should include key
measures that are already underway in the BAU Baseline rather than in the
plan. (Stavins, Pew)
The current BAU Baseline is appropriate. In order to provide a full assessment of
the impacts of the greenhouse gas reduction measures needed to meet AB 32’s
goals, the Plan should reflect the emission reductions and the cost and savings for
those reductions from a previously adopted measure when (1) it was adopted
exclusively (or nearly exclusively) to reduce GHG emissions, and (2) the actions
needed to achieve the anticipated reductions have yet to be implemented.
Consistent with this approach, such measures were not characterized as business
as usual because they are an integral part of California’s effort to implement AB 32.
This more clearly shows the impact of the full set of actions California is pursuing to
meet AB 32’s greenhouse gas emission target, including actions that are already
moving forward but are not fully implemented. Other adopted measures which have
GHG co-benefits but which are principally being pursued to achieve other goals,
while included in the GHG emissions reductions needed to achieve the 2020 target,
were excluded from the cost and savings accounting in the economic analysis.
Under this approach, all emission reductions that occur from each of the measures
included in the Plan are accounted for, but the costs and savings of adopted
measures are only included when greenhouse gas emission reductions are the
primary driver of the measure.1 This approach provides the most appropriate
evaluation of the overall effect of the State’s effort to meet AB 32 goals on
California’s economy.
1

For example, the Ship Electrification measure is being pursued to achieve air quality standards under
the State Implementation Plan The focus of this measure is to reduce emissions of smog-forming
pollution by phasing out the use of on-ship generators burning diesel fuel while in port. By switching to
cleaner power (electricity) the measure will reduce emissions of diesel particulate (as well as oxides of
nitrogen) and therefore reduce the associated adverse health effects in the surrounding communities
including premature death. It would be inappropriate to count either the costs or savings from this
measure in evaluating the economic impact of the Scoping Plan.
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The major measures that were adopted separate from AB 32 are the first round of
the Light-Duty Vehicle Greenhouse Gas Standards (Pavley I), the 20 percent
Renewables Portfolio Standard, the Solar Hot Water Heaters measure
(implementation of AB 1470), and the Million Solar Roofs program (implementation
of the California Solar Initiative and SB 1). Because the Pavley I standards were
adopted specifically for the purpose of reducing greenhouse gas emissions and are
called out explicitly in AB 32, it is appropriate to attribute their costs and savings to
the AB 32 plan. The other noted measures achieve multiple benefits including
substantial reductions in greenhouse gas emissions. Because these other
measures were driven in substantial part by factors other than climate change, such
as energy supply diversification, their costs and savings are not included in the
economic modeling.
As noted in response 1 above we have conducted additional analysis to examine the
implications of an alternative baseline that considered the Pavley I regulations as
part of BAU. The results of this analysis are shown in Table 1 above.
It is important also to note that the inclusion or exclusion of a measure vis-à-vis the
baseline does not affect the real world costs or savings experienced by Californians;
rather it affects how those costs or savings are accounted for. The lower benefits
from the Plan result from a change in the BAU forecast, not a change in the forecast
economic conditions following implementation of the Plan.

Recognition of Uncertainty
3) Several reviewers emphasized that there are significant uncertainties that
affect any modeling study, including in this case energy price forecasts,
projections of economic growth, and estimates of the costs and savings of the
measures. They recommended that sensitivity analysis be conducted to
assess the impact of these uncertainties on the policy-relevant modeling
outcomes. (Yohe, Kahn, Pew)
As noted in both the Economic Supplement to the Draft Scoping Plan and the
Proposed Scoping Plan, we recognize the value of conducting sensitivity analysis on
key inputs. Additional work has been conducted to examine the sensitivity of the
results to different energy price forecasts and different assumptions about the costs
and savings of the measures. We note that the overall effects of higher energy
prices would change the BAU economic and emissions forecasts in ways that are
not captured by this analysis. As shown in Table 2 for energy price sensitivity, if
prices are 50 percent higher or 50 percent lower than those used in our analysis, the
Plan remains positive for most indicators in terms of its economic effects. In
addition, under a higher energy price scenario there could be opportunities for
additional cost effective reduction measures to achieve cost savings not included
here.
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For sensitivity around the cost and savings estimates, a number of cases with
different combinations of higher or lower costs and savings were evaluated. As
shown in Table 3, if all costs are increased by 25 percent and all savings are
decreased by 25 percent as compared to the estimates in the Plan, the Plan
essentially is neutral in its economic effect. Conversely, if costs are decreased by
15 percent and savings increased by the same amount then the Plan’s benefits
increase.
In addition, as the measures are developed through a stakeholder process over the
next few years, estimates of both the costs and savings will be refined. The refined
analysis will likely conclude that some of the current estimates of costs were low
while others were high. For each regulatory proposal that is developed the Board
will rely on the most current information to design measures that are both
technologically feasible and cost-effective.
Table 2. Results of Sensitivity Analysis on Energy Prices

E-DRAM Results
Real CA Output
Gross State Product
California Personal Income
(SPI)
SPI Per Capita
Labor Demand

Scoping Plan
0.92%
0.27%

50 Percent
Increase in
Energy Prices*
0.43%
-0.12%

50 Percent
Decrease in
Energy Prices
-0.09%
-0.10%

0.78%
0.43%
0.67%

0.26%
0.08%
0.36%

0.19%
0.09%
0.14%

* These results exclude the costs and savings from the Pavley I and II regulations based on the
assumption that prices at this level will induce at least as much fuel savings as the regulations
would have required.

Table 3. Results of Sensitivity Analysis on Cost/Savings Estimates

E-DRAM Results
Real CA Output
Gross State Product
California Personal Income
(SPI)
SPI Per Capita
Labor Demand

Scoping Plan
0.92%
0.27%

25% Cost
Increase/
25% Savings
Decrease
-0.08%
-0.23%

15% Cost
Decrease/
15% Savings
Increase
1.5%
0.53%

0.78%
0.43%
0.67%

0.13%
0.02%
0.22%

1.1%
0.65%
0.91%
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Characterization of Measure Costs and Savings
4) Several reviewers assert that ARB underestimated the costs and
overestimated the benefits of the individual measures that were a key input to
the economic modeling. Additionally, reviewers questioned why in some
cases the costs and savings of various individual measures were omitted from
the analysis. (Stavins, Kahn, Pew)
The current estimates of the costs and savings of the measures are based on the
best information currently available.
The estimates for the Pavley motor vehicle greenhouse gas reduction program were
initially developed during the rulemaking process that led to adoption of those
regulations, and were updated to reflect current fuel prices. The peer review
comments suggest that our approach to reflecting an updated fuel price forecast with
higher prices was too simple, and failed to account for the effect of higher prices on
consumer vehicle choice and driving patterns. Additional analysis was conducted to
explore this issue, and is discussed in the response to Comment 1 above.
The other major measures with substantial costs and savings that were commented
on by peer reviewers are in the electricity sector: the 33 percent renewables target;
increased energy efficiency; and combined heat and power. For these measures,
cost estimates are based on work done in various energy proceedings at the CPUC
and CEC. For all three of these measures, significant work remains to be done to
fully develop the implementation strategies, which will affect their ultimate cost and
savings. As implementation work moves forward for the measures in the Plan, ARB,
in consultation with the CPUC and CEC, will make any adjustments needed to the
measure design and the emission reduction estimates based on full evaluation of the
cost-effectiveness of the different implementation options.
As noted by some reviewers, the costs and savings for a number of measures were
excluded from the analysis. These measures are the 20 Percent Renewable
Portfolio Standard, Ship Electrification at Ports, High Speed Rail, the California Solar
Programs, and the Solar Water Heater Programs.2 As discussed above, these
measures achieve multiple benefits beyond their reductions in greenhouse gas
emissions. Because these other measures were driven in substantial part by factors
other than climate change, their costs and savings are not included in the economic
modeling.
Sensitivity analyses of the costs and savings of the measures as a whole was also
conducted, as discussed above in response to Comment 3.
2

The Economic Analysis Supplement incorrectly indicated that the Goods Movement Efficiency Measure
was also one whose costs and savings were excluded because the measure was being pursued for other
reasons. While the Goods Movement Action Plan is intended to reduce criteria air pollutant and air toxic
emissions, this measure is specifically defined as additional activities designed to reduce greenhouse gas
emissions. ARB is still developing the specific strategies to achieve reductions from goods movement
system-wide energy efficiency. The preliminary assumption is that costs and savings of this measure will
be approximately equivalent.
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Consistency of Results with Other Studies
5) Several reviewers cited other studies, such as the Third and Fourth
Assessment Reports, that have shown climate change policies to have a net
economic cost. They questioned why ARB’s analysis is not consistent with
those other studies. (Kahn, Yohe, Pew)
A number of studies have been conducted to analyze the economic impacts of
climate policies. All such studies, including those cited by peer reviewers, begin from
different origins and take different paths to reach different estimates. Key variables
include the geographic scope of a particular program, its time horizon, level of detail,
and a number of other critical assumptions.
As noted in the Draft Scoping Plan, some studies have concluded that
implementation of various greenhouse gas reduction policies would have a slight
negative impact on GDP. Conversely, other recent analyses have concluded that a
package of greenhouse gas reduction measures similar to the Proposed Scoping
Plan will provide net benefits to the economy.
The Maryland Commission on Climate Change issued its Climate Action Plan3 in
August 2008. This Plan cites a study by the International Center for Sustainable
Development (ICSD) that found energy efficiency can reduce energy costs to
homeowners, businesses, institutions and government at a cost 60 to 70 percent
cheaper than building new generating capacity in Maryland. This study also found
that by developing clean energy industries, Maryland could create between 144,000
and 326,000 jobs over the next 20 years, contributing $5.7 billion in wages and
salaries to Maryland citizens and increasing gross state product by $16 billion.
A similar plan released by Florida in October4 found that Florida could surpass its
reduction targets for 2017 and 2025 by 11% and 34%, respectively, while Florida’s
economy would see a net benefit from an estimated net cost savings of more than
$28 billion from 2009 to 2025.
A recent review of state-level greenhouse gas reduction programs conducted by the
Center for Climate Strategies5 found the following:
Twenty U.S. states have completed and begun implementation of comprehensive
multisector greenhouse gas reduction plans with quantified costs and emission
reduction benefits that cover over two thirds of the United States economy and
population. Results from individual states, economic sectors, and policies vary;
but all indicate a consistent pattern for cost effective achievement of near term
and mid term greenhouse gas emissions reduction targets at science based
3 Maryland Commission on Climate Change. 2008. Climate Action Plan.
4 Florida Governor’s Action Team on Energy and Climate Change. 2008. Florida’s Energy and Climate
Change Action Plan.
5 Climate Policy as Economic Stimulus: Evidence and Opportunities from the States. Center for Climate
Strategies, November 2008.
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levels (1990 levels or below by 2020). Preliminary national projections of this
data suggest a net savings of $20.8 billion in 2012 and $85 billion in 2020, and
from 2009 to 2020 cumulative savings of $535.5 billion is possible through
implementing a climate plan involving all U.S. states and economic sectors.
A recent study conducted by UC Berkeley Professor David Roland-Holst for Next 106
examined the potential for innovation to reduce energy intensity and enhance
economic growth. The study concluded that:
By including the potential for innovation, we find that the proposed package of
policies in the state’s Draft Scoping Plan achieves 100 percent of the greenhouse
gas emission reduction targets as mandated by AB 32 while increasing the Gross
State Product (GSP) by about $76 billion, increasing real household incomes by
up to $48 billion and creating as many as 403,000 new efficiency and climate
action driven jobs.
The Western Climate Initiative, of which California is a partner, released its
economic modeling results7 in September 2008, as part of its program design
document. The WCI analysis showed that the regional target of a 15 percent
reduction below 2005 levels by 2020 (similar to the AB 32 target) can be achieved at
a small overall savings, in large part resulting from increased energy efficiency
leading to reduced overall energy expenditures.
The WCI background document also discussed how views differ on the extent to
which “complementary policies” (i.e., direct regulations that achieve targeted
reductions, such as the Pavley program or energy efficiency standards) can result in
net savings8:
Complementary policies have also been examined as a means for addressing
market barriers that would otherwise hinder the exploitation of low-cost GHG
emission reduction opportunities (e.g., via improved energy efficiency). Thus,
complementary policies can lower the overall cost of reducing GHG
emissions. Analysts differ in their treatment of complementary policies,
however. Some analysts allow for cost savings to be realized from
complementary policies such as building codes, appliance standards, vehicle
standards, and energy efficiency programs. A recent McKinsey analysis of
GHG abatement costs in the United States provides one view of the potential
for gains from complementary policies.9 McKinsey found significant
opportunities to reduce GHG emissions while also saving money through
investments in energy efficiency. The existence of opportunities to reduce
6 Energy Efficiency, Innovation and Job Creation in California, David Roland-Holst, UC Berkeley..
Executive Summary October 2008.
7 Design Recommendations for the WCI Regional Cap-and-Trade Program, Appendix B: Economic
Modeling Results September 23, 2008
8
Design Recommendations for the WCI Regional Cap-and-Trade Program, Section 2, Background
Report, pp. 58-59. September 23, 2008
9
Creyts, J., et al. (McKinsey). 2007.
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GHG emissions at negative cost even in the absence of a cap-and-trade
program suggests that complementary policies, such as energy efficiency
standards and programs, can lead households and businesses to exploit such
opportunities.
Other analysts start with the presumption that markets function efficiently, so
that there is little or no opportunity for these complementary policies to lead to
overall savings.10 Under these assumptions, any climate policies must
impose economic costs. This divergence of views on the potential to realize
savings from complementary policies is one of the primary factors that causes
some studies to show a small net savings to the economy from climate
policies, while others show a small net cost. What is important to recognize is
that in virtually all analyses, well defined cap-and-trade programs with the
cost-saving features listed above have been found to be consistent with
continued robust economic growth in the U.S. and Canada. By coupling a
cap-and-trade program with complementary policies, the WCI Partners expect
to use the market to capture cost-effective reduction opportunities and drive
innovation, while targeted complementary policies address barriers that might
otherwise limit the adoption of least-cost emission reductions.
Role of Economic Analysis in Policy Development
6) Two reviewers expressed concern that ARB’s analysis did not examine a
broad range of policy designs to develop the Scoping Plan recommendations.
These reviewers suggested that the analysis was designed too narrowly to
allow identification of the most cost-effective approach to achieving the AB 32
emissions limit. (Stavins, Pew)
These reviewers assert that a far more expansive comparative evaluation of the
economic impact of alternative approaches (e.g., much greater reliance on cap-andtrade; greater or lesser stringency of individual measures) should be conducted to
determine if the staff recommendation is the most cost-effective approach.
The approach employed in the Proposed Scoping Plan is appropriate. An analysis
of strategies that ignore the requirements of AB 32 and other statutes governing the
Board’s actions relative to reducing GHG emissions is not supportable, and would
not be useful in guiding the Board’s consideration of the Plan.
As the Draft Plan was developed, three major options – use of a cap-and-trade
program together with complementary measures; use of a carbon fee together with
complementary measures; and use of only sector-specific measures – were
evaluated from a number of policy perspectives, which resulted in the preliminary
recommendation to use a cap-and-trade program together with complementary
measures. The policy rationale for recommending a California cap-and-trade
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See generally Stavins, Robert et al. 2007. ―Too Good to Be True? An Examination of Three Economic
Assessments of California Climate Change Policy. AEI-Brookings Joint Center Working Paper No. 07-01.

9

program that would link to a wider regional market was described in the Proposed
Plan:
By setting a limit on the quantity of greenhouse gases emitted, a welldesigned cap-and-trade program will complement other measures for entities
within covered sectors. Additionally, starting a cap-and-trade program now
will set us on a course to achieve further emissions cuts well beyond 2020
and ensure that California is primed to take advantage of opportunities for
linking with other programs, including future federal and international
efforts…. (Proposed Scoping Plan, p. 31)
Participating in a regional system has several advantages for California. The
reduction of greenhouse gas emissions that can be achieved collectively by
the WCI Partner jurisdictions are approximately double what can be achieved
through a California-only program. The broad scope of a WCI-wide market
will provide additional opportunities for reduction of emissions, therefore
providing greater market liquidity and more stable carbon prices within the
program. The regional system also significantly reduces the potential for
leakage, which is a shift in economic and emissions activity out of California
that could hurt the state’s economy without reducing global greenhouse gas
emissions. Harmonizing the approach and timing of California's requirements
for reducing greenhouse gas emissions with other states and provinces in the
region can encourage retention of local businesses in the state. Further, by
creating a cost-effective regional market system, California and the other WCI
Partner jurisdictions will continue to demonstrate leadership in preparation for
future federal and international climate action. (Proposed Scoping Plan, p.
33)
The Proposed Plan also discussed the role of the complementary measures. In this
context, the Plan quotes the Economic and Technology Advancement Advisory
Committee:
If markets were perfect, such a cap-and-trade system would bring enough
new technologies into the market and stimulate the necessary industrial
RD&D to solve the climate change challenge in a cost effective manner. As
the Market Advisory Committee notes, however, placing a price on GHG
emissions addresses only one of many market failures that impede solutions
to climate change. Additional market barriers and co-benefits would not be
addressed if a cap-and-trade system were the only state policy employed to
implement AB 32. Complementary policies will be needed to spur innovation,
overcome traditional market barriers (e.g., lack of information available to
energy consumers, different incentives for landlords and tenants to conserve
energy, different costs of investment financing between individuals,
corporations and the state government, etc.) and address distributional
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impacts from possible higher prices for goods and services in a carbonconstrained world.11 (Proposed Scoping Plan, p. 19)
These provide the primary policy reasons for ARB’s recommended comprehensive
approach that combines a cap-and-trade program with complementary policies. The
economic and public health analyses of the Plan’s recommendation demonstrate
that this approach to implementing AB 32 provides economic and noneconomic
benefits to California. The analyses presented in the Plan sufficiently meet the
requirement of AB 32 that “the state board shall evaluate the total potential costs
and total potential economic and noneconomic benefits of the plan….” (HSC
38561(d))
Additionally, because many of the complementary measures included in the Plan
implement established state policies they must be included in the final plan adopted
by the Board. These include:
• The motor vehicle greenhouse gas reductions as mandated under AB 1493.12
• Reductions from improved land use and transportation planning consistent with
the policies contained in SB 375.
• Development of a Low Carbon Fuel Standard as mandated by Executive Order
S-01-07 and approved by the Board as a Discrete Early Action.
• The 33 percent Renewable Portfolio Standard target established for California by
Executive Order S-14-08.
Further, other energy-related measures, which were designed in consultation with
the Public Utilities Commission and the Energy Commission, are also important to
include in the Plan adopted by the Board.13
Finally, as noted three broad approaches for getting the emission reductions
required to meet the goals of AB 32 were evaluated. Each approach included the
needed measures outlined above: a cap-and-trade program together with
complementary measures; a carbon fee together with complementary measures;
and complete reliance on sector-specific measures. Each of these is presented in
the Economic Evaluation Supplement to the Draft Scoping Plan. However, as
discussed in the Supplement, ARB learned that there are no macro-economic
models currently in use that can estimate the potential differences between
11

Recommendations of the Economic and Technical Advancement Advisory Committee (ETAAC), Final
Report. Technologies and Policies to Consider for Reducing Greenhouse Gas Emissions in California.
February 14, 2008. pp. 1-4 http://www.arb.ca.gov/cc/etaac/ETAACFinalReport2-11-08.pdf (accessed
October 12, 2008)
12
AB 32 requires that if those regulations do not remain in effect the ARB must implement alternative
regulations to control mobile sources of greenhouse gas emissions to achieve equivalent or greater
reductions.
13
AB 32 requires ARB to consult with the Public Utilities Commission and the Energy Commission on all
elements of the plan that pertain to energy related matters. The recommendations in the proposed plan
for expanded energy efficiency, 33 percent renewables, increased use of combined heat and power and
reliance on a regional cap-and-trade system are consistent with the adopted joint recommendations of
these agencies.
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traditional direct regulations and market-based regulations such as cap-and-trade.
ARB relied on advanced, comprehensive modeling tools appropriate for addressing
the impacts of the Plan on the California economy...

7) Several reviewers expressed concern that ARB’s analysis focused only on
2020, and did not consider the short-term transition costs and savings that
would result from implementing the measures in the Plan. (Stavins, Yohe,
Pew)
Further analysis has been conducted to evaluate the near- and mid-term economic
implications of the Proposed Scoping Plan recommendations. This analysis
estimated both the initial capital requirements and the anticipated cash flow
requirements for the different measures included in the Plan, taking into account the
fact that the initial investments would be financed such that annual expenditures to
repay the loan would be less than the initial investment. As shown in Table 4, the
measures that take effect before 2012 require an initial capital outlay of $2.4 billion
between 2009 and 2011. However, in terms of the cash flow requirements, when
evaluated at a real interest rate of 5 percent the savings of $1.9 billion outweigh the
payments of $0.9 by about $1 billion during this period. For the first phase of the full
program, 2012 to 2014, the initial capital required would be $29 billion, but the
savings of $21 billion would outweigh the expenditures of $12 billion.
The Plan includes a variety of measures, most of which are anticipated to be
phased-in over several years (e.g., the Pavley I regulations were adopted by the
Board in 2004 and are intended to be phased in over a period of 7 years beginning
in 2009) requiring limited up-front investment. Of those that do require substantial
investment in equipment, the affected sectors primarily consist of large entities, such
as utilities, commercial real estate developers, or oil companies. Smaller
businesses would experience incremental costs for more efficient technology when
they replace equipment, or higher rents for more efficient buildings. However,
neither of these examples requires a large capital outlay, but rather are reflected in
monthly payments that occur coincident with the energy savings. As each regulation
is developed through a stakeholder process more detailed estimates of the capital
costs and their timing will be developed.
Table 4. Near- and Mid-Term Costs and Savings ($B)
Investment

Expenditures

Savings

2009-2011

$2.4 B

$0.9 B

$1.9 B

2012-2014

$29 B

$12 B

$21 B
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Conclusion
The peer review comments provide a number of critiques and suggestions on aspects
of our analysis. In some cases, we agree with the suggestions for improvement, while
in others we believe that our approach is appropriate. Economic modeling is not an
exact science, and there will always be different opinions about assumptions and how to
apply the available tools. This is to be expected. Overall, the additional work performed
shows that even taking into account the major points raised, the economic impact of the
Proposed Plan is positive for most indicators.
Meanwhile, a key factor that was not weighed in the economic analysis is the potential
cost of doing nothing. As a state, California is particularly vulnerable to the costs
associated with unmitigated climate change. A recent U.C. Berkeley study14 of the
impact of climate change on California found that climate risk – damages if no action is
taken – would include tens of billions per year in direct costs, even higher indirect costs,
and expose trillions of dollars of assets to collateral risk. The study estimated that the
public health sector alone faces from $4 billion to $24 billion in additional annual costs
associated with climate change impacts. When these costs are taken into account, the
benefits associated with implementing a comprehensive plan to cut greenhouse gas
emissions become even clearer. California cannot avert the impacts of global climate
change by acting alone. We can, however, take a national and international leadership
role in this effort.

14

Research Paper No. 08102801, California Climate Risk and Response, Fredrich Kahrl and David
Roland-Holst, University of California, Berkeley, November, 2008.
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Resources for the Future
1616 P Street, NW
Washington, D.C. 20036
Telephone: (202) 328-5087
Fax: (202) 939-3460

Email: burtraw@rff.ora
2.

MatthewE. Kahn, Ph.D.
Professor
Universityof California Los Angeles
Instituteof the Environment
Departmentof Economics
Departmentof Public Policy
La KretzHall, Suite 300
P.O. Box 951496
Los Angeles,CA 90095
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Telephone: (310) 794-4904
Fax: (310) 825-9663

Email: mKahn@ioe.ucla.edu
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RobertN. Stavins, Ph.D.
Professor
John F. Kennedy School of Government
Harvard University
79 JFK Street, Room 306
Cambridge, MA 02138
Telephone: (617} 495-1820
Fax: (617) 496-3783
Email: robert stavins@harvard.edu

4.

Gary W. Yohe, Ph.D.
Woodhouse-Sysco Professor of Economics
Wesleyan University
238 Church Street
Middletown, CT 06459

.."..,..,

Telephone: (860) 685-3658

Email: gvohe~weslevan.edu
5.

Janet Peace,Ph.D.
Directorof Market and BusinessStrategy
Pew Center on Global ClimateChange
2101 Wilson Blvd., Suite 550
Arlington,VA 22201
Telephone: (703) 516-4146
Fax: (703) 841-1422
Email: PeaceJ@pewclimate.ora

6.

LiwayWayG. Adkins, Ph.D.
Senior Follow, Economics
Pew Center on Global Climate Change
2101 Wilson Blvd.
Arlington, VA 22201
Telephone: (703) 516-4146
Email: adkinsl@pewclimate.o[o

Attachments to this memorandum
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include the following

A copy of my September 18, 2008 letter sent to each reviewer transmitting the material to
be reviewed. This letter included three enclosures:
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Enclosure 1: Letter of request to me for reviewers, signed by Richard Corey, California Air
Resources Board (CARB). This request included three attachments, the second of which
provided focus for the review. I emphasized the importance of this directive in my letter to
reviewers: "Please note that the focus of your review will be Attachment 2. Each
topic must be addressed, as expertise allows."
Enclosure 2: "Rules of conduct" guidance for staff and reviewers.

Enclosure 3: Subject for Review: Economic Analysis Supplement, including five
Appendices. Undated. Received from CARB September 17I 2008.

2. Externalpeer reviews. Drs. Adkins and Peace have submitted a co-authored review. All
reviewers, save one, placed their comments under the most appropriate of the six topic
titles identified by CARB as a focus for the review, and in the order listed in Attachment 2
to the request letter to me, noted above.
3.

Biographical information for each reviewer..

In the spirit of maintainingthe integrityof the Cal/EPAexternalpeer review process,which is
basedon an "At-Arm's-Length"distancebetweenthe requestingorganizationand the
reviewers,I recommendthat you transmitclarifyingquestionsto me which I will forward to the
appropriatereviewer. At this point in the externalpeer reviewprocess,we must ensure that
there is no perceptionindependentreviewersare being asked to become advisors in a
collaborativerelationship.
Enclosures (3)
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State Water Resources Control Board
Division of Water Quality
Linda S. Adams
Secretary for
Environmental Protection

1001 I Street • Sacramento, California 95814 • (916) 341-5455
Mailing Address: P.O. Box 100 • Sacramento, California • 95812-0100
Fax (916) 341-5584 • http://www.waterboards.ca.gov

Arnold Schwarzenegger
Governor

September 18, 2008

Dear
EXTERNAL SCIENTIFIC PEER REVIEW OF ECONOMIC MODELING ANALYSIS
DOCUMENT, PREPARED BY CALIFORNIA AIR RESOURCES BOARD (CARB)
In my capacity as Cal/EPA Program Manager for External Scientific Peer Review, I have
approved you as a reviewer of the document noted above. This approval is based on
information provided in your Conflict of Interest form and supplementary information you
may have provided at my request.
Your agreement to perform this important review is much appreciated.
I am forwarding this request for review to you on behalf of CARB, and ask that you submit
your review directly to me, as well as any questions you might have.
You were originally contacted by Dr. Dan McGrath, Executive Director, University of
California Berkeley Institute of the Environment (BIE) to discuss your potential candidacy
for this review. Dr. McGrath indicated that the review period would be 30 days. That is now
going to present a problem because California does not have an approved budget for
FY 2008-2009, and almost all State contracts have been suspended, effective August 1.
The Interagency Agreement for External Scientific Peer Review between Cal/EPA and the
University of California, which will support the requested review, was included in the
suspension order. That means no review can be performed until the suspension on this
Interagency Agreement has been lifted.
I am sending the material to you now to have it in your hands. I will contact you
immediately after the new State budget has been approved, at which time the review can
begin.
CARB would prefer the reviews to be returned by October 10, 2008. It also recognizes that
the longer the budget is not approved, the shorter the time for review will be. We will have
to take this on a day-to-day basis. After I give you the “green light” to begin work, and
recognizing what may be a compromise period for review, you may want to mark your
review “Draft”.
Enclosed with this letter are the following:
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Enclosure 1
Letter of request to me for reviewers, signed by Richard Corey, CARB. The letter has three
attachments, slightly revised from the attachments sent to you previously by Dr. McGrath
during the reviewer solicitation process.
Please note that the focus of your review will be Attachment 2. Each topic must be
addressed, as expertise allows.
Attachment 1. Summary of document to be reviewed.
Attachment 2. Description of topics to be reviewed.
Attachment 3. List of individuals who participated in development of draft document.
Enclosure 2 – Guidelines Provided in Response Letters to Organizations Which Have
Requested External Peer Reviewers.
These “rules of conduct” represent an updated version of what I sent you during the Conflict
of Interest review process.
Normally, I send these to the organizations when I approve reviewers for them. They would
then contact the identified reviewers and send the review material to them. In the present
circumstance, I will be managing the review for CARB which will not know the identity of the
reviewers until the reviews have been submitted to me.
Enclosure 3 – Subject of Review: “Economic Analysis Supplement”, Pursuant to AB 32,
The California Global Warming Solutions Act of 2006.
The Supplement consists of 25 pages. It is accompanied by five Appendices.
Time allowing, CARB has indicated that it may request a summary review to be written.
Professor Inez Fung, Co-Director, BIE, has indicated that in this situation, she would
convene the reviewers as a panel, appoint the Chair, and manage the process independent
from Cal/EPA. This process may be accomplished through telephone conference calls.
If I can provide additional help, feel free to contact me at any time during the review
process, once it begins, or before if need be. I can be reached at (916) 341-5567 or
gbowes@waterboards.ca.gov.
Sincerely,

Original signed by
Gerald W. Bowes, Ph.D.
Staff Toxicologist (Sup.)
Manager, Toxicology and Peer Review Section
Division of Water Quality
Enclosures
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Air Resources Board
Mary D. Nichols, Chairman
Linda S. Adams
Secretary for
Environmental Protection

1001 I Street • P.O. Box 2815
Sacramento, California 95812 • www.arb.ca.gov

Arnold Schwarzenegger
Governor

ENCLOSURE 1
TO:

Gerald W. Bowes, Ph. D., Staff Toxicologist
Toxicology and Peer Review Section
State Water Resources Control Board

FROM:

Richard Corey, Assistant Chief
Research Division
California Air Resources Board

DATE:

June 27, 2008

SUBJECT:

REQUEST FOR PEER REVIEW OF ECONOMIC MODELING

The purpose of this memorandum is to request a peer review of the economic modeling
analysis to support the Scoping Plan developed in response to the provisions of the
California Global Warming Solutions Act of 2006. As you know we have discussed the
need for this peer review over the past months. The Scoping Plan is a non-regulatory
item that will be considered by the Board at its November 20, 2008 meeting.
The economic modeling analysis is a very important component of the Scoping Plan.
The analysis will be used to inform different policy options that will be considered.
Specifically, the economic modeling analysis will be used to assess the potential
impacts of the policy options on the economy including impacts on jobs, income, gross
state product, as well as the cost of energy.
Background orientation material (draft Scoping Plan, model documentation) can be
provided as soon as the peer review panel is established. Further, it is anticipated that
a supplemental analysis that will provide the key economic modeling analysis will be
available by the end of July with a review period of 30 days. Thus, comments are due
by August 30, 2008. Providing the comments within this timeframe will afford the ARB
the opportunity to incorporate changes into the final draft before being considered by
the Board at its November 20, 2008 meeting. Providing there is sufficient time, the draft
final report will also be submitted for peer review in early October for a review period of
30 days. Thus, comments on the economic modeling analysis in the final draft Scoping
Plan would be due by November 1, 2008.
The primary expertise needed for the peer review is economics. Further, experience
with the use of economic models as well as the interpretation of results is particularly
relevant. Peer reviewers should also have national as well international experience with
respect to the economics of climate change as well as carbon markets.
The energy challenge facing California is real. Every Californian needs to take immediate action to reduce energy consumption.
For a list of simple ways you can reduce demand and cut your energy costs, see our website: http://www.arb.ca.gov.
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If you have any questions on this request, please contact:
Fereidun Feizollahi, Manager
Economic Studies Section
Research Division
California Air Resources Board
(916) 323-1509
ffeizoll@arb.ca.gov
Please cc the below individuals on any transmittals concerning the peer review. In
addition, due to the compressed timeline, we are requesting that you send a weekly
brief status report (an email) regarding the progress with establishing the panel. Thank
you for your assistance with establishing this peer review panel to support the Scoping
Plan. Please contact us should you have any questions.
cc:

Bart Croes, Research Division
Robert Jenne, Executive Office
Richard Corey, Research Division
Tony Andreoni, Research Division
Fereidun Feizollahi, Research Division

Attachments

Attachment 1
Revised (July 10, 2008)
Peer Review of the Economic Modeling Analysis of the
California Air Resources Board Greenhouse Gas Reduction Scoping Plan
Required by the California Global Warming Solutions Act of 2006

The California Global Warming Solutions Act of 2006 (AB 32) requires the California Air
Resources Board (ARB) to develop a greenhouse gas (GHG) Scoping Plan to meet the
2020 GHG emissions limit set at the 1990 levels. AB 32 also requires that ARB evaluate
the potential impacts of the State’s Scoping Plan on California’s economy, environment, and
public health. This assessment is to be undertaken using the best available economic
models, emission estimation techniques, and other appropriate scientific methods.
The objective of the peer review is for experts to review the economic modeling work done
to support the Scoping Plan. The economic modeling work is an important element of the
Scoping Plan as it will help to inform the policy options that are considered (e.g.,
performance-based regulations, fee-based measures, a cap and trade strategy, as well as
various combinations of these approaches. The models that will be used to support the
effort are Energy 2020, E3 GHG Model, BEAR Model, and EDRAM. The review will consist
of:
1) An assessment of the theoretical basis of the models;
2) An assessment of the appropriateness of the models to support the evaluation of the
policy scenarios to reduce emissions of GHGs;
3) An assessment of the key data sets (e.g., energy consumption forecasts) upon which
one or more of the models rely;
4) An examination of the assumptions for their validity and practicality;
5) An assessment of the key variables to which the model is most sensitive and a
qualitative assessment of how alternative assumptions could impact the results; and
6) Commentary on the reasonableness of the models’ results as well as their
interpretation as presented in the analysis including commentary on how subsequent
modeling efforts can be improved.
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Attachment 2
(Revised July 10, 2008)
Peer Review of the Economic Modeling Analysis of the
California Air Resources Board's
Greenhouse Gas Reduction Scoping Plan Required by the
California Global Warming Solutions Act of 2006

The statute mandate for external peer review (Health and Safety Code Section 57004)
states that the reviewer’s responsibility is to determine whether the scientific portion of the
proposed rule is based upon sound scientific knowledge, methods, and practices.
We request that you made this determination for each of the following issues that constitute
the scientific basis of the proposed regulatory action. An explanatory statement is provided
for each issue to focus the review.
For those work products which are not proposed rules, such as the case with the review that
is the subject of this document, reviewers must measure the quality of the product with
respect to the same exacting standard as if it was subject to Health and Safety Code
Section 57004.
The California Global Warming Solutions Act of 2006 (AB 32) requires the California Air
Resources Board (ARB) to develop a greenhouse gas (GHG) Scoping Plan to meet the
2020 GHG emissions limit set at the 1990 levels. AB 32 also requires that ARB evaluate
the potential impacts of the State’s Scoping Plan on California’s economy, environment, and
public health. This assessment is to be undertaken using the best available economic
models, emission estimation techniques, and other appropriate scientific methods.
A peer review of the economic assessment – the theory and its application, economic
modeling inputs and other assumptions, and the conclusions of the modeling results – is
requested by the California Air Resources Board to assure that the best economic analyses
and available models are appropriately used and interpreted. The specific deliverables of
this project are to provide to ARB:
The Scoping Plan development includes analyses of several scenarios that are based on
the extent of direct vs. market-oriented measures, as well as possible coordination with
other states and Canadian provinces. The ARB selected two main models to assess the
economic impacts of the Plan. They are: 1) the Energy2020 Model developed by ICF
International and System Solutions, Inc., and 2) the Environmental Dynamic Revenue
Assessment Model (E-DRAM), developed by Professor Peter Berck of the University of
California, Berkeley Department of Agricultural and Resource Economics. The Energy
2020 and E-DRAM models have been harmonized and coordinated with the electricity
sector modeling performed by Energy, Environment, and Economics Consultants (E3) for
the California Public Utilities Commission. An additional macroeconomic analysis of the
Plan is being performed using the BEAR Regional Economic Model by Professor David
2

Roland-Holst of the UC Berkeley Department of Agricultural and Resource Economics (see
Appendix 1 for a more detailed discussion of the above economic models).
The ARB’s Board received a presentation on the draft proposed Scoping Plan at its June
26, 2008 meeting. The Scoping Plan will describe the programs and measures that, when
implemented, would achieve the 2020 GHG emission limit. It will also include several
assessments and evaluations, including economic and business impact assessments using
the models described above. A final draft of the Scoping Plan is scheduled to be
considered by the Board at its November 20-21, 2008 hearing.
Prior to the release of the revised Scoping Plan in October 2008, the ARB will release a
supplement document. The supplement document is expected to be released late July and
will present the results of the economic modeling analysis. The analysis will evaluate the
macroeconomic impacts of different policy options as presented in the supplement with the
expectation that the economic modeling analysis presented in the final Scoping Plan
(planned to be released early October) will also be reviewed providing there is sufficient
time. The analysis will also include an assessment of the impacts on small business as well
individual consumers resulting from implementation of the plan.
The peer review will consist of:
1. An assessment of the theoretical basis of the models.
The purpose is to comment on the underlying basis for the models noting
particular strengths or weaknesses. Other modeling tools that may be helpful
in future analyses would also be noted. The key models that will be relied
upon are as follows:
The models to be reviewed in the proposed economic peer review panel are
briefly described here.
A. The Energy2020 Model
Energy2020 is a multi-sector energy analysis model that simulates the supply,
the demand, and the equilibrium price for all fuels, covering the North
American economy, energy market, and emissions with multiple U.S. and
Canadian regions. The model solves to equate the supply and demand for
energy markets. The demand is specified by end-use sectors. The supply
covers electricity, petroleum, and natural gas energy sources. The model
solution also includes GHG emissions and criteria air pollutants.
B. Environmental Revenue Dynamic Assessment Model (E-DRAM)
E-DRAM is a computable general equilibrium model of the California
Economy, originally developed to assess the revenue impacts of tax and other
State policies for the Department of Finance. It has subsequently been used
by the California Energy Commission and ARB to assess impacts of reducing
3

petroleum dependency (AB 2076) and by ARB for the Vehicle Climate Change
Standards, the State Implementation Plan analysis, and the previous Climate
Action Team analysis.
C. Berkeley Energy and Resources Forecasting Model (BEAR)
BEAR is a dynamic computable general equilibrium model designed to support
a broad spectrum of policy analyses, including energy and climate change
policies such as trading and offset mechanisms. BEAR differs from E-DRAM
by explicitly tracking the path of development of the economy over time as
policies are implemented. The BEAR model has been previously used to
assess the economic impacts of California greenhouse gas control policies.
D. E3 Electricity Sector GHG Model
The E3 Electricity Sector GHG Model evaluates GHG emissions implications
of alternative energy resources plans for the California electricity sector. The
model uses a spreadsheet to calculate the GHG emissions for a specified
resource plan to meet the 2020 targets specified by AB 32. The E3 model
was developed from electricity production simulations using a dispatch model
called PLEXOS of the entire area covered by the Western Electricity
Coordinating Council (WECC).
2. An assessment of the appropriateness of the models to support the evaluation
of the policy scenarios to reduce emissions of GHGs.
The purpose is to comment on the appropriateness of the models used. Are
they the correct models given the objective? Where the models used
correctly? Are any limitations clearly identified?
3. An assessment of the key data sets (e.g., energy consumption forecasts) upon
which one or more of the models rely.
The purpose is to comment on the appropriateness of the data sets upon
which the models are based. These include information on emissions,
electricity generation, and economic growth under business as usual. Are
there other data sets that should be considered? Are any limitations with the
data sets used clearly identified?
4. An examination of the assumptions for their validity and practicality.
The purpose is to comment on the appropriateness of the assumptions upon
which the modeling is based. Are the assumptions clearly identified? Are the
assumptions reasonably consistent those used by the scientific community for
similarly exercises? The assumptions include information on emissions,
electricity generation, and economic growth under business as usual.
4

5. An assessment of the key variables to which the model is most sensitive and a
qualitative assessment of how alternative assumptions could impact the
results.
The purpose is to comment on the sensitivity of the model to changes in the
values for key variables. This includes commenting on the variables that have
the greatest impact on the results as well as the degree to which the
uncertainties of the variables have been acknowledged and or evaluated.
6. Commentary on the reasonableness of the models’ results as well as their
interpretation as presented in the analysis including commentary on how
subsequent modeling efforts can be improved.
Are the results of the modeling effort and the associated interpretation
supportable? Are there important scientific caveats that are not reflected?
Reviewers are asked to provide comment as to what improvements might add
to the robustness of the economic modeling analysis.
The Big Picture
Reviewers are not limited to addressing only the specific issues presented above, and are
asked to contemplate the following questions:
a)
In reading the staff technical reports and proposed implementation language, are
there any additional scientific issues that are part of the scientific basis of the proposed rule
not described above? If so, please comment with respect to the statute language given
above.
b)
Taken as a whole, is the scientific portion of the proposed rule based upon sound
scientific knowledge, methods, and practices?
Reviewers should also note that some proposed actions may rely significantly on
professional judgment where available scientific data are not as extensive as desired to
support the statute requirement for absolute scientific rigor. In these situations, the
proposed course of action is favored over not action.
The proceeding guidance will ensure that reviewers have an opportunity to comment on all
aspects of the scientific basis of the proposed Board action. At the same time, reviewers
also should recognize that the Board has a legal obligation to consider and respond to all
feedback on the scientific portions of the proposed rule. Because of this obligation,
reviewers are encouraged to focus feedback on the scientific issues that are relevant to the
central regulatory elements being proposed.
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Attachment 3
Peer Review of the Economic Modeling Analysis of the
California Air Resources Board Greenhouse Gas Reduction Scoping Plan Required
by the California Global Warming Solutions Act of 2006

Individuals Involved in the development of the economic modeling to support the
Scoping Plan.
Consultants:
Glen Wood, Ralph Torre, ICF International
Jeff Amblin, Systematic Solutions, Incorporated
Academic Community
David Roland-Holst, University of California, Berkeley
Peter Burke, University of California, Berkeley
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Enclosure 2

Cal/EPA External Scientific Peer Review Program
Guidance Provided in Response Letters to Organizations Which Have Requested External
Peer Reviewers
Guidance to Staff:
1.

Revisions. If you have revised any part of the initial request, please stamp “Revised” on
each page where a change has been made. Clearly describe the revision in the cover letter
accompanying your request. The approved reviewers have only seen your original request
letter and attachments during the solicitation process, and must be made aware of changes.

2.

Documents requiring review. All important scientific underpinnings of a proposed sciencebased rule must be submitted for external peer review. The underpinnings would include all
reports (including conference proceedings) and raw data upon which the proposal is based.
If there is a question about the value of a particular document, or part of a document, I
should be contacted.

3.

Documents not requiring review. The Cal/EPA External Peer Review Guidelines note that
there are circumstances where external peer review of supporting scientific documents is not
required. An example would be "A particular work product that has been peer reviewed with
a known record by a recognized expert or expert body." I would treat this allowance with
caution. If you have any doubt about the quality of such external review, or of the reviewers’
independence and objectivity, that work product – which could be a component of the
proposal - should be provided to the reviewers.

4.

Implementation review. Publications which have a solid peer review record, such as a US
EPA Criteria document, do not always include an implementation strategy. The Cal/EPA
Guidelines require that the implementation of the scientific components of a proposal, or
other initiative, must be submitted for external review.

5.

Identity of external reviewers. External reviewers should not be informed about the identity
of other external reviewers. Our goal has always been to solicit truly independent comments
from each reviewer. Allowing the reviewers to know the identity of others sets up the
potential for discussions between them that could devalue the independence of the reviews.

6.

Panel Formation. Formation of reviewer panels is not appropriate. Panels can take on the
appearance of scientific advisory committees and the external reviewers identified through
the Cal/EPA process are not to be used as scientific advisors.
Note for Review of Economic Modeling Analysis Document: Air Resources Board staff
earlier had referred to a panel for this review. Professor Inez Fung, UC Berkeley Institute of
the Environment (BIE) Co-Director and UC Project Director for the Peer Review Interagency
Agreement with Cal/EPA, has addressed this potential request. Professor Fung would agree
to a panel writing a summary review. She would appoint the selected reviewers as members
of a review panel, and will appoint one of the panel members as chair. In this process, BIE
will manage the process of panel assembly. Conduct of the panel will adhere to the
guidelines for reviewers to ensure the independence of the panel from possible inappropriate
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influence by or communication with any Cal/EPA staff members. If such a request for a panel
is made, it will be directed to Dr. Gerald Bowes who will forward it to Professor Fung.
7.

Conference calls with reviewers. Conference calls with one or more reviewers can be
interpreted as seeking collaborative scientific input instead of critical review. Conference
calls with reviewers are not allowed.

Guidance to Reviewers from Staff:
1.

Discussion of review. Reviewers are not allowed to discuss the proposal with individuals
who participated in development of the proposal. These individuals are listed in Attachment 3
of the review request.
Discussions between staff and reviewers are not permitted. Reviewers may request
clarification of certain aspects of the review process or the documents sent to them.
Clarification questions and responses must be in writing. Clarification questions about
reviewers’ comments by staff and others affiliated with the organization requesting the
review, and the responses to them, also must be in writing. These communications will
become part of the administrative record.
The organization requesting independent review should be careful that organization-reviewer
communications do not become collaboration, or are perceived by others to have become
so. The reviewers are not technical advisors.

2.

Disclosure of reviewer Identity and release of review comments. Reviewer identity may be
kept confidential until review comments are received by the organization that requested the
review. After the comments are received, reviewer identity and comments must be made
available to anyone requesting them.
Reviewers are under no obligation to disclose their identity to anyone enquiring. It is
recommended reviewers keep their role confidential until after their reviews have been
submitted.

3.

Requests to reviewers by third parties to discuss comments. After they have submitted their
reviews, reviewers may be approached by third parties representing special interests..
Reviewers are under no obligation to discuss their comments with any third party, and we
recommend that they do not. All outside parties are provided an opportunity to address a
proposed regulatory action during the public comment period and at the Cal/EPA
organization meeting where the proposal is considered for adoption. Discussions outside
these provided avenues for comment could seriously impede the orderly process for vetting
the proposal under consideration.

4.

Reviewer contact information. The reviewer’s name and professional affiliation should
accompany each review. Home address and other personal contact information are
considered confidential and should not be part of the comment submittal.
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Attachment 2:
Peer Review Comments from:
Dallas Burtraw, Ph.D.
Resources for the Future
Mathew E. Kahn, Ph.D.
University of California, Los Angeles
Robert N. Stavins, Ph.D.
John F. Kennedy School of Government
Harvard University
Gary W. Yohe, Ph.D.
Wesleyan University
Janet Peace, Ph.D. and Liwayway G. Adkins, Ph.D.
Pew Center on Global Climate Change

Dallas Burtraw, Ph.D.

October 10, 2008
Dallas Burtraw, Resources for the Future
Burtraw@RFF.org
Comments on:
Climate Change Draft Scoping Plan: Economic Analysis Supplement
California Air Resources Board
These comments are organized to address six topics set forth in the statement of
work. In summary, I find the suite of models being used to provide economic analysis for
the implementation of AB32 are comparable in quality to the best modeling being used to
provide analysis to government or the private sector anywhere in the world. No single
model can address the relevant economic questions from all the perspectives that are
useful to policy makers, but the suite of models reviewed here does a good job of
providing a rounded perspective.
An important point when considering the use of model in policy analysis is that,
frankly, all models are wrong. Models cannot provide a specific forecast for how
institutions and human behavior will interact, and they certainly cannot predict
unexpected natural and economic events, so forecasts of prices and costs from even an
ideal model is unlikely to be accurate. However, models can provide internally consistent
projections of how changes in policies and other variables will affect the future, even
though the actual future remains uncertain. Therefore policy makers need to contribute
additional perspective. The suite of models being used to analyze AB32 are especially
useful because they address an unusually broad set of issues that should be of concern to
policy makers and they do so in a competent way.
Nonetheless there are serious limitations to models in general and this suite of
models is no exception. The use of a group of models is helpful because it introduces
more capabilities. However, it would be more helpful if an explicit effort were made to
identify areas where the models disagree rather than to solely emphasize harmony among
the models, as does the Economic Analysis Supplement. The explanation of the model
results and assumptions in the Supplement and appendices is adequate, but only just so.
The written explanation of methods used in the models could be more transparent and the
documentation could be improved. Accomplishing this takes time and resources and the
development of a template that is refined only after repeated studies and applications of
the models, which may not be relevant in this case. In my comments I occasionally state
my understanding of the modeling assumptions where I harbored uncertainty about what
was actually assumed, although usually I was eventually able to gain confidence about
what was done by continuing to read through the documentation. Some of these
assumptions are sufficiently important that they should be made clearer in the main body
of the report.
The most significant limitation to the modeling is the absence of a partial
equilibrium model that addresses investment and retirement as well as system operation
in linked markets that are affected by AB32. Although they have their own strengths in
the nature of their completeness, the general equilibrium models operate at a level that
lacks technological detail. The E3 model has excellent detail and credible assessments of
how markets are likely to operate given existing or forecast capacity and infrastructure
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Dallas Burtraw, Ph.D.

constraints. However, the E3 model does not solve for evolving market equilibrium with
endogenous assessments about the kinds of decisions that investors are likely to make in
the market environment. Perhaps the missing model Energy 2020 will provide this
capability. It is noteworthy that at the federal level this kind of capability is the central
basis for modeling that is used to support regulations and legislation. The suite of models
used to support AB32 offer capabilities that accommodate questions that are generally
outside those addressed by the main models used at the federal level, but there is room
for improvement about the central question of how energy markets are likely to evolve in
California and the western region.
1. Theoretical basis of the models

Has the Analysis accounted for costs properly?
The marginal cost of emissions reductions are reported to be $10/ton CO2 and this
is described as the expected price of emissions allowances in 2020. This price represents
the marginal cost of emission reduction opportunities that have been identified by CARB
and by the economic models, and it is asserted that a cap and trade program would
efficiently select from the identified options in order to achieve the emissions cap.
The estimate of the price of emissions allowances can be expected to reflect the
marginal cost of options identified by the trading program. The cost of the last option
actually implemented determines the marginal cost, but this is not necessarily the
marginal cost of the most expensive option implemented under the program overall.
There is a large set of options that are identified as prescriptive measures that will be
implemented independent of the incentives provided by the market price of emissions
allowances. If the marginal cost of each of these items was below forecast allowance
price then the allowance price would reflect the marginal cost of the most expensive item
implemented under the program. It might follow that prescribing specific measures would
be unnecessary because the allowance market might be expected to identify these same
measures. In this case, all of the prescriptive measures lay inside the marginal cost
frontier identified by the market (e.g. $10/ton).
However, it appears that the prescriptive measures are not all ones that would be
chosen under the market. 1 If some measures have marginal costs greater than the
identified allowance price then these measures are outside the set of cost-effective
measures. There may be many justifications for the inclusion of prescriptive measures
that are outside the set of measures that would be identified by the market, such as market
or institutional barriers that inhibit the ability of a market to identify and implement these
measures, network externalities, ancillary environmental or environmental justice
concerns, etc. However, the inclusion of these measures makes it problematic to interpret
the market price as the marginal cost of the program. A program organized only around
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identifying cost-effective measures as recognized by the market would identify a
different set of measures with a higher marginal cost than is reported in the analysis. In
the absence of market barriers and network externalities — which I recognize is the
justification for prescriptive measures — the market would also lead to a lower overall
cost.
A prominent example of measures that are outside the set of measures that would
be chosen under only a market-based program with an allowance price of $10 is
California’s commitment to a renewable portfolio standard. This standard will require the
development of renewable energy resources that have an implied emissions reduction
cost well above $10. Nonetheless, the development of these resources will move the state
a long way toward its emissions targets, with the consequence that fewer emissions
reductions need to be identified from other measures. This will have the appearance of
lowering marginal cost and allowance price in a market. Policy makers and the general
public may take this as a signal about the cost of the program, but this measure does not
reflect adequately the actual cost of the program.
Has the modeling accounted for the benefits of incentive-based approaches such as cap
and trade properly?
The analysis asserts that the modeling underestimates the benefits of emissions
trading because it does not adequately capture the heterogeneity in costs among
opportunities to reduce emissions. In general, models employ a cost schedule for
industries that is aggregated across sources. A bottom-up schedule could be constructed
that lists each available option at all facilities. An estimated schedule of options might be
found by fitting a line through the population of options at all facilities. This approach
would lose some representation of the heterogeneity of options but it would preserve a
general trend of increasing cost among options. Alternatively, the model might use an
average cost estimate for each measure that is identified explicitly, or it may not identify
components and opportunities for emissions reductions explicitly and instead use average
costs for broad classes of actions across measures or facilities. This latter method appears
to the one identified in the documentation, which indicates that a uniform cost is used for
each measure that is the average costs of controlling emissions from a source category.
Presumably, the cost average is relevant only up to some fraction of uncontrolled
emissions, which I will refer to as the identified emissions reductions from the source
category.
There are two ways that the use of average costs for a source category is relevant.
If the identified emissions reductions from a source category were to be entirely
eliminated by prescriptive policies or to be entirely eliminated by the introduction of a
CO2 price under the cap, then the average cost times the amount of reductions would be
equal to the total cost of these emissions and the model estimates would be accurate.
However, all of the supplemental identified emissions reductions are not mandated, but
rather how much of these reductions are achieved is left to the emissions market. Only
some of these reductions may be realized by the introduction of the CO2 price. In this
case, since the average cost for identified emissions from a source category may be above
the allowance price predicted in the model, then the model would predict that it would
not be selected in the market. But if there are heterogeneous costs within this source
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category, then some of the ‘low hanging fruit’ may be captured by a trading program,
thereby lowering the overall costs below that predicted in the model. 2
Another way that models may predict erroneous cost estimates is by their inability
to represent issues associated with technology adoption and diffusion, regulatory and
siting issues, etc. The documentation mentions the incentive for innovation under cap and
trade, and the incentive to identify new measures that cannot be anticipated by planners
in advance of the policy. These factors also suggest that costs may be overestimated.
However, there are also factors that could lead costs to be underestimated.
Typically models predict a smooth and seemingly frictionless introduction of new
technologies when specified cost thresholds are achieved, but this is unlikely to occur in
practice. Regulatory issues, liability and public attitudes will plague the siting of new
supply side resources including wind and solar thermal facilities and the transmission
lines necessary to bring these resources to market. These issues also plague the siting of
new nuclear or carbon capture and storage facilities. It is noteworthy that siting is
increasingly difficult for uncontrolled coal plants as well, suggesting that baseline
forecasts may mistakenly forecast the opportunity cost of renewable technologies relative
to fossil-fuel technologies. In each case models are likely to predict a time path for new
investment that may be overly optimistic. Moreover, the problem is not limited to supplyside resources. The identification of opportunities for end-use efficiency measures also
run into a plethora of implementation challenges. An important consideration in the
evaluation of the projected costs of AB32 is how the models anticipate these barriers and
how the program design helps overcome these barriers. The economic analysis is not
equipped to address this issue.
Many observers claim that the prescriptive measures identified as part of the
overall Scoping Plan provide a method to overcome the market barriers that would inhibit
penetration of various technologies in an emissions trading market. While this may be
true, the prescriptive measures are not guaranteed to have identified the least cost
opportunities and furthermore, as discussed previously, the signal of costs that comes
from the allowance market does not necessarily reflect actual social costs when
prescriptive measures (such as the RPS) have been implemented preemptively, some of
which have costs that exceed the forecast allowance price of $10/ton.
2. Appropriateness of the models to support the evaluation of the policy scenarios

Are there other ways that economic models inherently measure costs incorrectly?
A major source of benefits in the analysis stem from reduced payments for
imported fuel. In an institution-free representation of the global economy this benefit
category would appear to be measured incorrectly. The principle of comparative
advantage would suggest that an economy such as California might be better off
specializing in the production of goods and services and importing much of its energy.
There are several ways that the principle can be misleading. The political economy of
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energy obviously has many institutional details that are outside an economic model, so
that the strategic interests of the state (and nation) diverge from the path suggested by
simple comparative advantage. A large portion of the benefits of AB32 and related
policies rests on the reduction in payments for fuel. Economic analyses would typically
find the imposition of this outcome to have negative welfare implications because if it
were in the interests of consumers to reduce fuel payments they would do so without
government interference. The justifications for California policy rests on institutional
detail that is outside this economic reasoning. It is argued that markets do not offer a
variety of products including fuel-efficient vehicles that enable consumers to make
choices in their own best interest, or that consumers may not recognize their own best
interests. Economic models are calibrated to recent observed consumer choices that are
taken as a proxy for preferences. However, preferences might be expected to change,
much as ideas about using seat belts or smoking have changed over recent decades, but
this is well outside the domain of mainstream economic models. Another way that the
measurement of revealed costs may not capture actual social cost has to do with labor
supply, which typically is represented by a single type of labor. Stratified income and
employment opportunities suggest that economic development may result from jobs that
are created in end-use efficiency because these jobs fall to less-skilled workers and
workers just entering the work force. These are a set of workers who often lack points of
entry to higher-paying jobs in the economy and relatively labor-intensive investments in
energy infrastructure can provide such opportunities. The E-DRAM model usefully
accounts for different labor/wage categories, but it does not have a dynamic labor market
representation that accounts for the accumulation of human capital.
There are potential benefits from the use of allowance value that should be
explicitly addressed. The Scoping Plan does not provide a final template for how the
value will be used, so this makes the economic analysis more challenging. A crucial
assumption in the modeling is that allowance value is “allocated back to consumers.” Is
this done on an equal per capita basis? Economic efficiency would be improved and the
overall social costs on the economy would be reduced if the value were used to offset
preexisting taxes. Recent contributions to public finance have emphasized that new
environmental regulations including the introduction of a price on CO2 will raise the cost
of goods and services and thereby reduce the real wage. Consequently, workers would be
expected to respond to the lower real wage with a reduced contribution to the work force,
which can have substantial economic costs. This effect can be largely remedied if the
policy harnesses the revenue (allowance value) that is raised under a cap and trade
program and directs the revenue to offset preexisting policies that also reduce the real
wage. For example, if allowance revenue is used to reduce the labor income tax then the
reduction in the real wage from the CO2 policy could be largely offset. This possibility is
not explored in the modeling.
However, if the value were simply returned to households on a lump-sum basis
this may have an important stimulus effect on the economy, much as the stimulus checks
from the federal government in 2008 were intended to do. This scenario is included in the
model results, I believe. Moreover, it may be possible to coordinate the return of revenue
with other programs that provide incentives for consumers to make investments in
energy-efficiency or renewable technologies. Another option that appears within the
vision of the Scoping Plan is to direct some of the allowance value to program-related
5
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efficiency measures. It is not clear the degree to which these options have been explored
or are included in the analysis. The models should have the capability to do this,
potentially with the exception of some investments such as efficiency measures because
of the difficulty in anticipating accurately the program costs and achievements in an
expanded efficiency program.
Measuring the baseline
One of the most significant challenges in economic modeling is to identify
assumptions relevant to baseline business-as-usual conditions against which the influence
of policies can be measured. As I note in my introductory remarks, a model can never be
accurate in this regard. Nonetheless, the description of the baseline is very important
because the costs of the program should account for how the baseline is expected to
change in the future. A changing baseline can make the program more or less expensive
than appears from a contemporary perspective. Reviews of previous environmental
regulations that have used incentive-based approaches in particular have found a general
tendency to overestimate the costs of the program ex ante.3 The reason usually has to do
with the failure to recognize that many changes in the baseline typically take society in
the direction of more efficient economic activity, which has positive dividends for the
environment. If some of the environmental gains might be expected to occur anyway in
the baseline, then overall costs of the program could be expected to be less than
anticipated and it is likely that marginal costs also would be less than anticipated. The
degree to which these gains are captured hinges to some extent on the use of incentivebased approaches such as cap and trade.
3. Key data sets

The data used for the general equilibrium modeling is standard. The use of data
on business activity in the BEAR model is nice. The data used by E3 has been originally
compiled, with some public review. That process is not guaranteed to result in the most
accurate data if the public review has imposed overly optimistic or pessimistic
projections, the process has been transparent and that is useful for the general modeling
exercise.
4. Validity and practicality of assumptions

Attention is given to measures affecting low-income households and small
business (P.10). Typically these are not where the least-cost emissions reductions have
been found in previous efficiency programs. Low-income households have ample
opportunities to improve efficiency, but program costs associated with reaching these
households have been greater than for upper-middle income households. Similarly,
industrial class customers and large businesses typically offer the lowest cost options
outside the residential sector. Therefore, efforts designed to achieve distributional goals
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associated with reaching the low-income and small business populations may raise costs.
This is noted in Appendix V.
Another assumption of concern is the annualized cost of capital equation, which
uses a social cost basis for analysis. The payback period is equivalent to the economic life
of the capital, rather than the accounting life of the capital. The accounting life plays a
large role in private decisions. I feel the economic lifetime is the proper assumption but
its implication should be explored.
There are demand elasticities in the model, but no accounting for bounceback
behavior, wherein consumers change their behavior (e.g. increase consumption) when the
cost of energy services falls due to improved end-use efficiency.
I find there is a weakness in how the modeling approach is communicated. The
discussion in the main report is not sufficient to be able to summarize in this way, but the
information in the E-DRAM appendix leads me to understand the following. The
modeling of cap and trade places a price on CO2 emissions from all activities and
industries covered under the cap including those industries affected by prescriptive
measures. The additional emissions reductions that are identified are those that can be
achieved from the list of supplemental measures at a cost less than the CO2 price. The
CO2 price also leads to demand reduction from carbon-intensive industries throughout
the economy, which in turn produces emissions reductions. An iterative process is used to
find a CO2 price that achieves emission reductions from the supplemental prescriptive
measures and demand reduction to achieve the emissions target, which occurs at a CO2
price of about $10/ton. The demand reductions that are achieved presumably involve both
substitutions among inputs in production in the CGE model, as well as substitutions in
consumption by downstream producers and household.
However, the price effect does not engender any technological change or
improvement except through input substitution.
Does the capital cost associated with prescriptive measures and investment in
energy efficiency get accounted for in E-DRAM? Is this done by increasing
proportionally the rental cost of capital for each affected sector?
5. Key variables to which the model is most sensitive and how alternative
assumptions could change the results

The modeling framework has the ability to report estimates in welfare as
measured by utility-theoretic compensating variation. Instead, the report relies on
estimates of changes in income, expenditure and employment. One reason for doing this
is that these measures have the most relevance to the policy audience. Furthermore, one
might be skeptical of the structure of preferences as revealed in current consumption
activities if one believes that information problems or market barriers constrain the
choices available to consumers. For example, one might argue the current vehicle mix
does not provide consumers with the choices that may become available in the future.
Moreover, preferences may be expected to change in ways that cannot be anticipated.
However, there is an important limitation to reporting just expenditure changes, because
it does not reflect any measure of the loss in welfare associated with reduction in
consumption. In principle a change in price could cause expenditure to rise or to fall,
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depending on the elasticity of demand. If demand was elastic, the introduction of a CO2
price could lead to a large reduction in demand and expenditure and give the appearance
of economic gain. It would be helpful for the report to indicate where, if ever, demand
elasticities could lead to this misinterpretation.
The appendix indicates that some results should be interpreted with caution
because the model does not have adequate detail. For example, “most utility sector jobs
are linked to the delivery of power and maintaining the system…” and so predicted shifts
in employment may not materialize. There are further considerations, especially in this
sector and in construction. The policies including the RPS that are emerging will lead to
substantial expansion in distributed generation with associated need for transmission.
Also, the capital/fuel/labor intensity of various technologies for electricity generation to
differ substantially and this may have an important influence on the result.
6. Reasonableness of the models and direction for subsequent efforts

In general, a computable general equilibrium approach in general is not suited to
identify emissions reductions within an industry but steps can be made to by disaggregate
industries according to technology and emissions characteristics. It is unrealistic to
impose such a standard in this case because it is not widely practiced or developed fully
elsewhere, but it would be a useful extension in the future if supporting data can be
found.
Documentation on page II-21 has embedded comments that should be fixed.
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Introduction
This memo provides my answers to the set of questions that I have been asked to
comment on. Before I present my views I would like to state that I am a 100% supporter of the
goal of significantly reducing California’s greenhouse gas emissions by 2020 and achieving even
greater emissions reductions by 2050. I want to see the ARB succeed in implementing cost
effecting regulations to achieve these greenhouse gas mitigation goals. By pursuing this effort,
California will reaffirm its world leadership in tackling environmental issues. By acting as a
“guinea pig”, the state will help to educate governments around the world on cost effective
techniques for reducing carbon emissions.
While I support the Governor’s broad AB32 goals, I am troubled by the economic
modeling analysis that I have been asked to read. AB32 is presented as a riskless “free lunch”
for Californians. These economic models predict that this regulation will offer us a “win-win”
of much lower greenhouse gas emissions and increased economic growth. According to my
arithmetic and the information provided in Table I-2 of the Economic Evaluation Supplement,
the 33% Renewable Portfolio Standard, the Pavley Light Truck regulations, the Low Carbon
Fuel Standards and the building energy efficiency programs will together mitigate 95.6
MMTCO2 (57% of the AB32 2020 mitigation goal) at a net negative cost of $132 million per
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MMTCO2 per year.1 This would be a large free lunch! I would like to believe this claim but
after reading through the Economic Analysis and the five appendices there are too many
uncertainties and open microeconomic questions for me to believe this.
The net dollar cost of each of these regulations is likely to be much larger than what is
reported in Table I-2 of the
http://www.arb.ca.gov/cc/scopingplan/document/economic_appendix1.pdf. In this review, I
will highlight why I believe the current modeling exercise underestimates the cost of meeting
AB32’s goals. I will present a research methodology for cheaply collecting the necessary data to
test whether the optimistic numbers reported in Table I-2 of
http://www.arb.ca.gov/cc/scopingplan/document/economic_appendix1.pdf could be accurate
estimates of the expected net costs of this regulation.
In this review, I will point to other economic modeling efforts being conducted by
leading economists who conclude that the introduction of carbon pricing will entail small but
significant costs on our nation’s economy. I will also highlight the fundamental uncertainties we
face because of the ambitious 33% Renewable Portfolio Standards. Nowhere in this economic
document could I find any mention of the words “risk” and “uncertainty”. Yet, each day we buy
insurance and hold “safe” portfolios (i.e U.S Treasury Bills) to protect us against unforeseen
contingencies. We are risk averse. AB32 is a gamble. It will force us to deviate from our
“business as usual” ways of living our day to day life. This offers potential large benefits but it

1

I calculated this based on a weighted average of the net costs using the carbon reduction as the
weights.
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also raises the potential for bad scenarios whose probabilities and costs if they ensue have not
been quantified and reported in the documents that I have read through.
Finally, this report will emphasize the need for more data collection and for field experiments
to be conducted so that we can learn about how different real Californians and California firms
will respond to the incentives embedded in AB32. Whether AB32 offers “negative costs” hinges
on a number of micro-economic factors that the documents I have been asked to review do not
touch on.
My bottom line is that this Economic Supplement provides an incomplete report on what
we know and need to know about the economic consequences of this important regulation.

1. An Assessment of the theoretical basis of the models
A. Energy 2020 model
Based on information I found here http://www.energy2020.com/model_overview.htm, the
Energy 2020 model appears to be a competent model. The devil is in the details. An equilibrium
electricity market model requires the modeler to make numerous assumptions. I will return to
this point below. I could not find a clear description of the set of assumptions that are built into
this model. For example, as Californians become richer over time, how much will this increase
their per-capita demand for electricity? Technically, what income elasticity of demand for
electricity is used in this analysis?
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As stated at the bottom of page 4 of the Economic Supplement document
(http://www.arb.ca.gov/cc/scopingplan/document/economic_analysis_supplement.pdf), there are
currently no results from this model. This is a major omission. It is difficult to judge AB 32’s
economic impacts without knowing the output of this model. I see that the E3 model output is
used extensively throughout in this Economic Analysis. Are the results from Energy 2020 and
the E3 model perfect substitutes? Put simply, do the two models estimate the same variables and
thus it is not a major loss not to have the Energy 2020 model results? I am surprised that the
Economic Analysis Supplement could be written without the output of this Energy 2020 model.

B. EDRAM model
This is a sophisticated, high quality model. It yields a series of useful outputs related to how
major sectors of the California economy will be affected by carbon mitigation strategies such as
a positive carbon price. According to the discussion on page II-19 of Appendix II, the E-DRAM
model was built by Berck, Golan and Smith in 1996. It would interest me to know the specifics
concerning what improvements to the model have been made over the last 12 years. For
example, Google didn’t exist 12 years ago. Yet, now it is a key innovative company in
California. Does the growth of such new firms in specific industries mean that some of the
structural equations in the model are out of date? Or put differently, does the growth of the “new
economy” affect the model’s underlying equations?
On a theoretical basis, how do expectations of future increases in carbon prices affect
investment in this model? The E-DRAM model estimates that businesses will face a $10 price
per ton of carbon in the year 2020. I realize that a CGE model endogenizes key economic
4
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parameters such as the price of carbon but I would like to see a simulation of how economic
outcomes such as state per-capita income and employment are affected if this equilibrium carbon
price is higher. After all, investment is durable and businesses are forming expectations in the
year 2020 of the next 30 years including the regulatory tightening under AB32 to achieve the
more stringent 2050 goal of a 80% reduction in greenhouse gases below 1990 levels. In Figure 6
of this paper
http://www.brookings.edu/~/media/Files/rc/papers/2007/10carbontax_metcalf/10_carbontax_met
calf.pdf , Gilbert Metcalf of Tufts University predicts that the national carbon tax price will be
$60 per ton (year 2005 $) in the year 2050. If California businesses anticipate this, how does this
affect their investment decisions? Am I right that the E-DRAM model is a static model? If real
world Californian firms base their investment decisions on today’s price of carbon and on
expectations of the future price of carbon, and if this price is expected to rise over time as shown
in Metcalf’s figure, then are the E-DRAM investment equations seriously mis-specified? Can a
rational expectations dynamic investment function be introduced into this model?
According to page 39 of the Scoping Plan, there are 1.5 million people employed in
manufacturing in California. Thus, a key issue is how this sector will be affected by AB 32
regulation. The results reported in Table II-8 claim that manufacturing employment will grow
by .4% because of AB32 regulation. Given that electricity prices are expected to rise by 14%,
this is a surprising finding. The micro-econometrics literature has concluded that increased
energy prices retards manufacturing employment growth. The manufacturing results reported
here contradict the findings from the micro-econometric literature on firm locational and
employment choice (see Carlton 1983 and Davis and Haltiwanger 2001 see
http://www.bsos.umd.edu/econ/haltiwanger/davis_haltiwanger_01.pdf). In his detailed study of
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the Fabricated Plastic Products Industry (SIC 3079), Communications Transmitting Equipment
(SIC 3662), and Electronic Components (SIC 3679), Carlton demonstrates the importance of
metropolitan area electricity prices as a factor in attracting job growth. Cities with high
electricity prices lose jobs in each of these industries (see Carlton 1983 available at
http://faculty.chicagogsb.edu/dennis.carlton/research/The%20Location%20and%20Employment
%20Choices%20of%20New%20Firms.pdf ).

C. The BEAR Model
This is a rigorous CGE model that relates equilibrium economic dynamics to environmental
outcomes and that can be used to evaluate how different carbon mitigation policies will affect the
real economy.
Unlike the output reported by the EDRAM model, results from this model predict that a $12
dollar carbon permit price will lead to a slight decline in state aggregate personal income. While
this estimate is quite small, the EDRAM and BEAR modelers should explain why their two
models are yielding different predictions (compare Table II-2 of Appendix II with Table III.4 of
Appendix 3). They should also report what their predictions for state macro-economic outcomes
would be if the cap and trade price of carbon is higher such as at $20 or $30 a ton. The
equilibrium price of permits may be predicted to be $12 but it is still important to know what the
model predicts economic aggregates will be if the true price of carbon in the Western Climate
Initiative is higher than predicted.

6

Matthew E. Kahn, Ph.D.

Can the BEAR model predict within sample pollution dynamics? I am impressed that the
model has the capacity to track 13 different pollution categories (see Table III.1). Given that the
Air Resources Board collects ambient readings on the actual levels of many of these pollutants
such as the criteria air pollutants, I would like to see the BEAR modelers confirm that their
model predictions co-move with the actual pollution data. So, I would ask the BEAR researchers
to choose a baseline year such as 1990 to calibrate their model. Using this baseline, the BEAR
model should be used to predict the time series of emissions of particulates, sulfur dioxide,
oxides of nitrogen, and carbon monoxide between 1990 and 2005. Using these 16 data points, a
simple graph could be made to see if BEAR model’s predictions for each of these emissions
measures match the true ambient pollution dynamics. If the percent annual changes in the
BEAR model match the true dynamics then my confidence in this model would increase. If the
model fails this test, then I would be concerned about this model’s ability to predict greenhouse
gas dynamics as a function of economic activity.

D. the E3 electricity model
This model appears to be well suited to answering the core questions of how much GHG
emissions are created from using different energy resources. This model is also quite important
for predicting how equilibrium energy prices are affected by AB32’s introduction of a 33%
Renewable Portfolio Standard and by placing the state’s electric utilities in a cap and trade
program in the Western Climate Initiative. E3’s model predicts an increase of 14% in statewide
electricity prices (see footnote #3 on page IV-3 of Appendix IV) and an equilibrium permit price
of roughly $10 per ton.
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One concern that I have with this model is how it handles high frequency, day to day
uncertainty caused by random events such as weather shocks. Consider the introduction of wind
turbines as a key piece of the portfolio to meet the 33% RPS standard. The actual power they
generate each day is a random variable. On summer days that are hot and not windy, they
generate very little power. E3 would need an excellent day by day model of climate and wind
conditions to provide precise estimates of the actual day to day power generation created by solar
and wind. In the absence of an electricity storage technology, these day to day differences in
supply matter. A power blackout in the middle of a streak of hot summer days becomes more
likely if we are relying on wind power for a larger share of our power. Ironically, if climate
change makes summer heat waves more likely, then the combination of climate change and
AB32’s 33% RPS increases the likelihood of blackouts as electricity demand exceeds system
supply. It would be useful to have an engineer actually estimate the marginal increase in this
probability of summer blackouts. Does the E3 model predict the likelihood of such events? If
electricity prices are allowed to freely fluctuate with supply and demand conditions, then prices
will spike on these days. If the state had natural gas power plants ready to provide power on
those peak demand days, then blackouts would be less likely. But, keeping such plants “on call”
would be costly and would raise the state’s carbon emissions factor from power plant generation.
The prospects of more summer blackouts may pose serious costs to businesses and
consumers but I see no evidence that the E3 Model produces estimates of these costs. A model
that is explicit about uncertainty would make statements such as; “there is a 5% chance during
the summer months that the actions taken to meet the RPS standard will cause energy prices to
rise to $143 per megawatt hour” or “there is a 7 percentage point increase in the probability of
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blackouts during summer months because of the 33% RPS standard”. I see no probabilistic
statements in the documents I have read through.
More generally, I would like to see a theoretical analysis that provides confidence
intervals around the key price predictions and I would hope that the model could provide
estimates of how the price of electricity will vary by month in the presence of the RPS standards.
Right now predictions are made as if the E3 model is clairvoyant. Given the Californian
population’s risk aversion, it would be more useful to see the distribution of predicted outcomes
under different scenarios and realizations of random variables such as climate patterns. If
Californians were risk neutral, then it would be fine to merely report your best guess of the
future. (http://en.wikipedia.org/wiki/Risk_neutral)
A second basic theoretical question I have focuses on the cost of delivering electricity to
California’s diverse, spread out population. As population growth takes place in the distant
suburbs, in hotter counties such as Riverside and San Bernardino, do these trends boost the need
for more expensive transmission capability? What is the spatial distribution of where renewable
power will be sited versus where does the population live and what is the cost of connecting the
two? What urban planning challenges will arise in siting transmission cables? How costly will it
be to resolve such NIMBY issues?
On the household demand side, California’s demographics continue to change. Does the
increase in the percentage of Californians who are young and Hispanic and old and white affect
any of the consumer electricity demand equations? As population growth takes place in the
suburbs, in hotter counties such as Riverside and San Bernardino, do these trends boost
electricity demand? In my own research with Ed Glaeser of Harvard, we have documented the
9
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differences in Californian city greenhouse gas production when the average household lives in
different cities (see http://www.nber.org/papers/w14238) as a function of household electricity
consumption and transportation behavior.
One surprising omission in the model output is the absence of the electric utility cap and
trade system from Table I-2 of
http://www.arb.ca.gov/cc/scopingplan/document/economic_appendix1.pdf. How cost effective
is this program?

2.An Assessment of the appropriateness of the models to support the evaluation of the
policy scenarios to reduce emissions of GHGs
Given the caveats stated above, the EDRAM model, the BEAR model and the E3 model
all have significant strengths for evaluating the policy scenarios that AB32 proposes.
While I salute the effort embodies in these models, I would like to elaborate on two modeling
concerns I have. One relates to how the BEAR Model and the EDRAM Model incorporate
uncertainty about carbon policies pursued by the rest of the nation. The second relates to how
firms respond to uncertainty that is created by AB32 regulatory efforts.
A key unknown in thinking about California job dynamics in the presence of AB32 is
“what is the rest of the country doing”? Special interests groups lobbying the U.S Congress
make this a random variable. Senators Obama and McCain both claim that they support national
cap and trade carbon programs. But will they fight for this? How stringent will the cap on U.S
aggregate emissions be? Will it be set at the 2008 level or at 50% below the 2008 level? If as
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President these men do not pursue aggressive carbon mitigation, then firms who are deciding
whether to locate in California or some other location in the United States will see that locating
in Nevada will offer them cost advantages relative to locating in California.
My reading of the BEAR model and the EDRAM model is that neither model tackles the
tough issue of strategic interactions between California and the rest of the United States. Put
simply, if California unilaterally regulates carbon while the rest of the nation does nothing, do
the optimistic “negative cost” results stand up? What firms will leave California? What new
firms who would have moved to California in the absence of AB32, will now choose to locate in
a state without carbon regulation?
AB32 is an enormous undertaking with many unknowns. Neither the EDRAM nor
BEAR models appear to explicitly acknowledge the uncertainties that lie ahead. While some of
these random events may be great news (i.e discovering new technologies that significantly
reduce carbon emissions), there are also random events that can create significant potholes. If
economic decision makers are risk averse and anticipate uncertainty but the researcher ignores
this, can the researcher predict the behavior of the decision maker?
Why might AB32 make California a less attractive location for employers? Firms do not
like regulatory uncertainty. Firms must make investment decisions years ahead of when they
actually sell products to consumers. If firms know that they do not know what the regulatory
environment will be in the year 2020 and later, then they will decide to delay such irreversible
investments (Avinash Dixit and Robert Pindyck Investment Under Uncertainty, Princeton
University Press 1994). Neither the EDRAM model nor the BEAR model discusses investment
under uncertainty and the option value of delay. Reliance on renewable creates possibilities of
11
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price spikes and brownouts. Firms that cannot afford such undependable access to electricity
might avoid California. Neither the BEAR model nor the EDRAM model can tackle the difficult
modeling issue of how firms choose investment levels when they are uncertain about what a
government regulator (the California Air Resources Board) will do today and leading up to 2050.

3.An assessment of the key data sets upon which one or more of the models rely. Are there
other data sets that should be relied upon?

The models use standard high quality data sources to calibrate the models. Such
information on likely population growth and per-capita income growth all look quite reasonable
to me.
As a micro-economist, I am curious about whether there would be a payoff from further
investigation of likely trends within California. The population is agglomerating in the Southern
part of the state. The growth is taking place inland further from the coast. The population share
of Hispanics is rising. Do any of these demographic trends have any implications for the costs of
meeting AB32’s goals? An aggregate analysis has to ignore some details. To me these trends
matter because, holding population and income constant, they affect electricity consumption,
transportation demand and the cost of supplying electricity to different communities.
The E3 model predicts that AB 32 will cause a 14% increase in electricity prices but that
household and business electricity expenditure will decline by 5%. This means that this model
has built into it that electricity consumers are quite responsive to changes in electricity prices. I
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hope that this is a valid assumption but peer reviewed energy economics papers suggest that the
elasticity of energy demand is small. Frank Wolak of Stanford reports much smaller demand
estimates for industrial and commercial electricity users (see Figure 5 of
ftp://zia.stanford.edu/pub/papers/rtppap.pdf).
If the elasticity of demand for electricity is small, how does this affect the net cost
calculations reported in Table I-2? Electricity consumers would face a higher electricity
expenditure bill and this will reduce their real income.
The ARB could easily access utility data to test this key elasticity of electricity demand
assumption. To repeat my question, when the price of electricity increases by 14%, how much
does electricity demand decrease by? Do different demanders respond differently to this price
incentive? The state’s electric utilities have monthly electricity bills for residential consumers
and commercial and industrial energy consumers. If a representative sample of such consumers’
monthly bills could be collected, a simple research project would identify key dates when due to
unexpected supply shocks the price of electricity changed for reasons unrelated to demand. This
would represent a “natural experiment” opportunity to measure Californian’s elasticity of
demand for electricity. By studying how this demand elasticity varies across geographic
locations (i.e North versus South) and across different types of households and firms, the ARB
could explicitly address the issue of how heterogeneous economic decision makers respond to
price incentives. This is quite valuable information for explicitly including in the CGE models.
I would also like to see the E3 model conduct more micro-econometric research on
whether the income elasticity of demand for electricity is changing over time. Over time, we
keep discovering new things to do with electricity such as personal computers and entertainment
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systems. As California grows richer per-capita, how much will electricity demand grow by? Is
this income elasticity of demand increasing over time? This hypothesis could be easily tested
using annual county level data. The electric utilities would provide data on average household
electricity consumption in each county in each calendar year from 1990 until the present and this
could be merged to county economic data from the REIS data base
(http://bea.doc.gov/bea/regional/reis/) to study the relationship between county per-capita income
and electricity consumption to study whether the relationship is stable over time.
New data could and should be collected to determine whether building energy efficiency
programs will deliver the negative net costs presented in page 6 of the Economic_Appendix 1.
As reported in row entry E1, building and appliance programs offer a huge “free lunch” at $-106
million dollars per MMtCO2 mitigated. The Scoping Plan proposes to achieve an annual
reduction of 15.2 MMtCO2 using this strategy. If this negative net cost estimate is correct, then
this is a great idea. I have a practical suggestion for exploring whether this optimism is
warranted. The Air Resource Board should commission a series of field experiments to
determine whether in the real world such proposed gains are realized. For example, the ARB
could randomly give households “green” new energy efficient appliances in exchange for their
old fridge and then track how the household’s monthly actual electricity consumption changes.
Energy efficient refrigerators represent just one example. The ARB could cheaply collect
additional data by explicitly describing each of the proposed appliance programs, energy
efficiency programs and conservation efforts and then test the effectiveness of these respective
“treatments” in the real world by using a treatment group/control group comparison study where
households would be randomly selected to participate in the program. Once in the experiment,
households would be randomly assigned to either the “treatment group” (those who receive the
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free green durables and energy audits etc) and those assigned to the “control group”. This
approach could be conducted both with residential consumers and industrial and commercial
electricity consumers. By comparing the typical electricity reductions for the “treatment group”
relative to the electricity reductions for the “control group” the ARB would learn about whether
the entries in E-1 of the matrix are valid. (see
http://www.bus.ucf.edu/wp/content/archives/Glenn(2)03-12Field%20Experiment.pdf). For
example, if a “green” refrigerator costs $700 and lasts for 20 years, and the experiment estimates
that the average household who is assigned this product reduces its electricity consumption by 1
megawatt hour per year, then combining this information with the expected price path for
electricity and an estimate of the real interest rate, it would be easy to calculate whether such a
treatment has a net negative cost for the average household.

4. An examination of the assumptions for their validity and practicality
Earlier I discussed my skepticism about the assumption that the elasticity of demand for
electricity is quite price responsive. In section 3 above, I sketched out a low cost research
strategy for testing this assumption.
Earlier, I also questioned whether $10 will be the equilibrium price per ton of carbon in the
carbon market in 2020. I would encourage the BEAR and E-DRAM modelers to compute their
economic model output based on a range of values for this parameter. For example, how would
California’s per-capita income be affected if the permit price is $20 a ton or $30 a ton?
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Now, I would like to turn to discuss item by item, the key major carbon reduction policy
measures embodied in AB32.
The 33% Renewable Portfolio Standard: I would now like to raise some new issues about the
E3 model concerning the cost of meeting the 33% RPS goal by the year 2020. What
assumptions is the E3 model making about the cost of siting new large transmission lines? What
assumptions are being made about the purchase price of land for siting wind turbines and solar
panels? Thousands of megawatts of new renewable generation, including wind, solar and
geothermal are under development in California to help meet the state’s RPS goals. Getting this
“green” power on the grid creates challenges since the areas that are richest in renewable
resources are often very remote. “These potential transmission projects, intended to connect and
deliver renewable resources to the grid, are estimated to cost a total of approximately $6.5
billion (+/- 50% accuracy) in 2008 dollars.” (see
http://www.caiso.com/2007/2007d75567610.pdf). The California ISO is offering a confidence
interval here on their cost estimate. They are acknowledging that future costs associated with
meeting the RPS standard represents a random variable. I would like to see the E3 model be
equally transparent about the uncertainty associated with output from its model.
A useful guide for appreciating the uncertainty embodied in the 33% RPS is provided by the July
2008 Renewable Portfolio Standard Quarterly Report from the CPUC
(http://docs.cpuc.ca.gov/word_pdf/REPORT/85936.pdf)
Permit me to offer some direct quotes from this document:
“Since the legislation adopting the RPS program was passed in 2002, the CPUC has approved
95 contracts for 5,900 MW for new and existing RPS-eligible capacity. Of these contracts, 61
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are for new projects, totaling 4,480 MW. Were all this capacity to come online by 2010, we
would more than achieve our RPS target. Furthermore, the response to RPS solicitations has
been robust and increasing, one indication that the market is maturing. IOUs are finalizing
the short-lists resulting from their 2008 solicitations for RPS-eligible energy, and will shortlist
for negotiation more than 10 times their annual incremental requirements. It appears,
therefore, that the RPS procurement process is working.
Despite the increasing response to RPS solicitations and the large number of signed contracts,
RPS progress, which is measured on the basis of eligible delivered energy, has been slow. Only
14 contracts for ~400 MW have come online; California’s IOUs would need about 3,000 more
new MW in next 2 years to be able to meet 20% in 2010. Overall, RPS generation has not kept
pace with overall load growth, as demonstrated in Table 1.” “It is worth noting that reaching the
20% goal in 2013 would leave the IOUs only 7 years to achieve the 60% increase in RPS
generation needed to reach a 33% target in 2020.”

It appears that the PUC is saying that the state is unlikely to meet its 2020 RPS goal.
Whether the state meets this future target is unknown today and thus is a random variable. If this
goal is not met, then will be cap be tightened in the electric utility cap and trade program. If the
cap is tightened, won’t the equilibrium permit price rise? If the permit price increases, won’t the
economic costs of AB32 be higher?

The following paragraph from the July 2008 PUC Report is crucial:
“While California has vast untapped renewable potential, many of the state’s lowest cost
resources – the low-hanging fruit – have already been developed. California must consider
whether a 33% by 2020 mandate may accelerate the increasing costs of large scale renewable
procurement, and what impacts such increases may have on ratepayers. Reaching a 33% target
will require the procurement of more expensive renewables. Preliminary analysis by E3 indicates
that such a target may require a state investment of about $60 billion in generation and
transmission.”
Do the cost estimates generated by the E3 model reported in row E-3 of Table I-2 of
Appendix I of the Economic Analysis Supplement (see page I-7) reflect this previous
paragraph’s points? In Table I-2 of the Economic Analysis Supplement, the entry in row E-3
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says that the 33% RPS will cost $3.7 billion. In a state with roughly 40 million people, this
works out to roughly $100 per person per year. I wonder if this estimate is too small.

The Low Carbon Fuel Standard: I now focus on the implicit assumptions built into the Low
Carbon Fuel Standard (LCFS). As shown in row T-2 of Table I-2 of Appendix I of the Economic
Analysis Supplement (see page I-6), this program is modeled to be a net zero cost program. One
peer reviewed academic economics paper claims that under plausible scenarios, this well
intended program will have the perverse effect of raising carbon emissions! This claim is made
in a forthcoming paper in a leading academic economics journal. The paper is titled “Greenhouse
Gas Reductions under Low Carbon Fuel Standards?”. The authors, Stephen P. Holland,
Jonathan E. Hughes and Christopher R. Knittel, argue that the LCSF taxes dirty fuels but
subsidies clean fuels. The net effect of this policy is that carbon emissions can rise because
people may drive more using the “cleaner” ethanol fuel but this fuel still has carbon content.
Their study highlights that a issue is whether the production of the “clean” fuel sharply increases
due to the introduction of the LCSF. For the ARB report to estimate a net cost of zero means
that it is ruling out ex-ante some of the key cases that the Holland et. al. paper emphasize as
being likely to play out in the real world. I would encourage the ARB’s staff to carefully read
the Holland et. al. paper and to contact the authors concerning the likelihood of different positive
cost scenarios that they pinpoint in their subtle analysis.

Building Energy Efficiency: I would now like to discuss the implicit assumptions built into the
optimistic view that building energy efficiency programs offer negative costs. Again, this is
possible and I hope that this is true but assumptions are being made. The hopeful view here is
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that households and firms will thank the ARB for regulating them as they discover electricity
cost savings that they had ignored in the absence of regulation.

Why have self interested households and firms missed cost-effective opportunities to lower their
costs for free? Implicit in the belief that there are negative costs from building energy efficiency
programs is the belief in “behavioral economics”. Put simply, this school of economic thought
argues that we are lazy procrastinators. Behavioral economists have documented fascinating
facts. One prominent study of inertia and retirement saving behavior documents that the status
quo default option played a key role in determining the type of portfolio decision that workers
made (see http://www.nber.org/papers/w7682). When faced with many different types of
choices such as retirement savings options or health insurance options to choose from,
households tend to stick with the default option. Behavioral economists have seized upon such
findings and concluded that people are not ruthless optimizers but instead are lazy and prone to
delegating important choices to others.
(http://papers.ssrn.com/sol3/papers.cfm?cfid=371831&cftoken=32179229&abstract_id=245828)
If people are lazy and prone to inertia, then it is certainly possible that programs such as AB32
that spur action could offer net negative costs.
But, there are alternative explanations for why self interested individuals may not quickly
embrace energy technologies that energy engineers believe are much better than their status quo
choices. People may be highly impatient and prefer avoiding upfront expenditures even if it
results in later energy savings. The upfront “retrofitting” requirements for existing buildings
may be larger than the engineers have predicted. People may not be convinced that the “energy
efficient” products are truly more energy efficient day in day out. This could be studied using
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survey data and by running the field experiments I described above where households would be
randomly assigned the energy efficient durable and then by tracking their electricity bill before
and after they received such “green products”, we could easily test for what are the electricity
savings from “going green”. Research by Paul L. Joskow the President of the Alfred P. Sloan
Foundation and Professor of Economics at MIT has disputed the notion that there are “free
lunches” here. Joskow in his 1993 Science article argues that real world tests of the energy
efficiency gains from utility energy efficiency programs yield much smaller estimates than are
predicted in engineering studies (also see Paul Joskow and Donald Marron, What Does a
Negawatt Really Cost? Further Thoughts and Evidence, The Electricity Journal). This certainly
merits further research before we conclude that the programs promoted under AB32 offer such
large cost savings per ton of carbon abated.2

Light Truck Fuel Economy: The final set of implicit assumptions that I would like to highlight
pertains to the Pavley Light Duty Vehicle Standards (row T-1) of Table I-2 of the Economic
Evaluation Supplement (see page I-6). According to this document ,
http://www.climatechange.ca.gov/events/2008_conference/presentations/2008-0908/Daniel_Sperling.pdf, the Pavley Bill would raise the fuel economy standard to 44 miles per
gallon by 2020. Today, there are vehicles such as the Toyota Avalon whose fuel economy is
way below this standard. While, I cannot know for sure how Toyota would respond to this
regulation, I predict that they would produce fewer Avalons if they faced this regulation.
Families who own the Toyota Avalon today are revealing themselves to be a type of consumer
2

For a subtle economics study on additional issues here also see “Too Good To Be True? A Examination of Three
Economic Assessments of California Climate Change Policy” by Robert Stavins, Judson Jaffe and Todd Schatzki,
NBER Working Paper #13587 November 2007.
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who values this type of vehicle. If the Pavley Bill means that they can no longer buy such new
vehicles in 2020, then they have been made worse off. To suggest that the Pavley Bill offers
“negative costs”, the ARB must be implicitly assuming that today’s buyers of big fuel inefficient
vehicles (including Governor Arnold Schwarzenegger and his Hummer collection) will suffer no
happiness loss from having their consumption choices shrunk by this regulation. To repeat my
point, there is an implicit assumption here that the set of vehicles produced in 2020 will be
identical along all dimensions except that they will be more fuel efficient. I hope that this is the
case but I’m not sure that I believe this. I predict that those households who have a taste for
large vehicles will suffer because of this Pavley rule. Their costs from having their choice
opportunities shrunk do not appear to be included in row T-1. The vehicle manufacturers will
also have to change their production processes and re-direct their research and development
efforts to meet this regulation’s mandate. How do we estimate their expected costs of this new
regulatory mandate?
Given the importance of the transportation sector as a leading cause of California’s
greenhouse gas emissions and given ongoing growth in population and income and ongoing
suburbanization (that all encourage more driving), I am surprised that the Scoping Plan’s main
transportation section focuses mainly on new vehicle emissions. We all know that new vehicles
are a small share of the stock. It takes years for new vehicle regulation to affect the “average”
vehicle on the roads. The average vehicle in California is roughly 10 years old. On page 38 of
the Scoping Plan, there is a high quality discussion of the benefits of a Pay as You Drive
Insurance program. If drivers paid for vehicle insurance per mile of driving, this would act as an
incentive program that would affect all vehicles, and reward households who live a “new
urbanist” lifestyle of driving little. This incentive program would encourage a densification of
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our cities. By discouraging driving, this incentive system would reward households who drive
less and would reducing CO2 emissions from the transport sector. It is true that per-mile
insurance would not directly improve the fuel economy of the fleet but the Pavley Bill will
eventually address this. If a gasoline tax is not a viable option, then the ARB should be
considering bundling various transportation policies (for example charging for insurance per
mile driven and raising the fuel economy standards) to achieve its objectives. For a favorable
analysis of the efficiency benefits of “pay as you drive” incentives and their relationship to local
pollution and greenhouse gas emissions see Ian Parry’s paper posted at
http://www.aeaweb.org/annual_mtg_papers/2005/0107_1015_0402.pdf.
The important point here is that a CGE model is unlikely to yield plausible estimates of
how the simultaneous adoption of a more stringent fuel economy standard and a PAYD
insurance program would affect aggregate gasoline consumption for California’s drivers. A
micro-economist would argue that one would need a good statistical model of how diverse
households choose what vehicle to drive and how much to drive it as a function of the set of new
vehicles offered at different prices, the expected price of gasoline and the price of insurance per
mile of driving. Only by estimating this micro model can we judge how cost effective this
bundle of transport regulations would be at mitigating carbon emissions.

5. An assessment of the key variables to which the model is most sensitive and a
qualitative assessment of how alternative assumptions could impact the results
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We know that the E-DRAM model’s findings of net economic benefits from AB32 are not
robust based on a series of national CGE models being conducted by some of the top economists
in the nation. Five leading national CGE models have each independently concluded that
carbon taxes do impose small but real economic costs on the economy. I do not know why these
models generate different results than the E-DRAM model but I would strongly urge ARB to
figure this out. The Scoping Plan highlights that the ARB is aware of some of these studies.
They are briefly discussed on page 53 of the Scoping Plan.
These models are based on the national economy as a whole but given that California is
roughly 25% of the nation’s economy, the results should be similar. I am aware that California
has less employment in manufacturing and relies less on coal fired power plants than the rest of
the nation but such differences are worth explicitly stating. This would increase confidence in
the E-DRAM model’s results.

Here I discuss results from Dale Jorgenson’s research. Professor Jorgenson is University
Professor at Harvard University. A copy of his CGE study is available here.
http://www.pewclimate.org/docUploads/economic-costs-market-based-climate-policyjune2008.pdf

In his Table Eight, he cites four other CGE models that all reach the same conclusion that he
does. Each of these studies contract the E-DRAM’s key finding. Carbon pricing imposes small
costs on the economy.
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The other models are:

1. The Multi-region National and Multi-sector, Multi-region Trade (MRN & MSMRT)
Models of Charles River Associates (CRA).
2. The National Energy Modeling System (NEMS) of the U.S. Energy Information
Administration (EIA).
3. The Emissions Projection and Policy Analysis (EPPA) Model of the Massachusetts Institute of
Technology’s (MIT’s) Joint Program on the Science and Policy of Global Change.
4. The Applied Dynamic Analysis of the Global Economy (ADAGE) Model of the Research
Triangle Institute International (RTI).

Let us focus on Professor Joregenson’s findings
(http://www.pewclimate.org/docUploads/economic-costs-market-based-climate-policyjune2008.pdf). The policy he studies is constraining the nation’s carbon emissions starting in the
year 2010 back to the year 2000 level. So, starting in the year 2010 into the indefinite future,
emissions would not exceed the year 2000 emissions. He uses his CGE model to evaluate how
the U.S economy would be affected by reducing U.S greenhouse gases by 16% from the year
2010 forward.
According to his model’s results: “The overall economic impacts from a modest initiative such
as described in this report are estimated to be small. By 2020, the annual losses in real GDP from
implementing a similar GHG policy are in the range of 0.5 to 0.7% and reach 1.2% by 2040. The
effects on household spending, as measured by foregone consumption, are less than half of these
income effects. This translates into losses of $150 to $300 per household by 2020, approaching
$700 by 2040.”

As shown by Professor Jorgenson’s model’s results, there is a national consensus that carbon
pricing is not a “free lunch”. We need a clear explanation for how it could be the case that the
national models indicate that there are costs to mitigating carbon while the California E-DRAM
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model and ARB’s key economic document (see
http://www.arb.ca.gov/cc/scopingplan/document/economic_analysis_supplement.pdf) predict
that it will have negative net costs.
Returning to this issue of alternative assumptions: I encourage the modelers to study how
their estimates of economic costs are affected by;
•

Being explicit about uncertainty over the true cost of reaching the RPS Standard

•

Simulating the effects of carbon taxes at $10, $20, $30.

•

Testing how the model’s results change if energy demand by households, industry and
the commercial sector is much more price insensitive than has been assumed.

6. Commentary on the reasonableness of the models’ results as well as their
interpretation as presented in the analysis including commentary on how
subsequent modeling efforts can be improved

Subject to the caveats I have listed above, I do find many aspects of the E-DRAM and BEAR
models to be quite reasonable. I am surprised that no Energy 2020 results have been generated.
Given the large uncertainties about the future California regulatory environment in the year
2020, I am surprised that the E3, E-DRAM and BEAR modelers have not offered explicit
confidence intervals for their economic predictions.
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I would like to see explicit acknowledgement of the most important uncertainties and
unknowns in this process. It is quite plausible that these models have generated accurate
predictions of the most likely scenario for 2020 but a risk averse population needs to know what
may happen in the “worst case” scenario and what is the probability of such events. I do not see
how the models discussed here can be used to estimate such probabilities.
I hope I am wrong about this but it appears that the model is based on “best case
scenario” planning. I look at the negative net cost estimates reported in Table I-2 of the
Economic Evaluation Supplement and I wonder how these numbers would look under alternative
assumptions related to the points I raised in section 5.
The Big Picture
The California Air Resources Board has a very difficult, very important assignment. To
its credit, the ARB has cleared a number of early hurdles in getting AB32 up and on its way to
implementation. If California can come close to achieving its 2020 goal and sets its sights on the
more ambitious 2050 carbon mitigation goal, then California will play a key role as a worldwide
“guinea pig” demonstrating that ambitious carbon reductions can be achieved without sacrificing
significant economic growth.
While AB32 offers California and the world as a whole benefits, it also will impose costs
on different parts of our local economy. The E-DRAM model optimistically states that this last
sentence is incorrect. The ARB’s Economic Supplement states that AB32’s short run 2020 goals
offer carbon mitigation and enhanced economic state growth (see
http://www.arb.ca.gov/cc/scopingplan/document/economic_analysis_supplement.pdf). I hope
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this is true but our current knowledge base is too limited for me to believe these claims.
California has a well defined objective to reduce greenhouse gas emissions under the
AB32 mandate. There are many different possible strategies for achieving this goal. According
to page 56 of the Scoping Plan,
“An important requirement of AB 32 is that cost-effectiveness must be considered.
This requirement is found in several provisions of the Act. The Act requires the
Board to approve a Scoping Plan for achieving the maximum technologically feasible
and cost-effective reductions in greenhouse gas emissions (HSC §38561). The Act
also requires the Board to adopt rules and regulations to achieve the maximum
technologically feasible and cost-effective greenhouse gas emission reductions, and to
“consider the cost-effectiveness of these regulations” (HSC §38560 and §38562).”
The current economic models have not generated sufficient information to identify the
upper and lower bounds on the cost-effectiveness of different regulations listed in Table I-2 of
the Economic Evaluation Supplement. If we take seriously the net costs per ton of carbon
abatement reported in Table I-2, then the ARB should drop the RPS program entirely. It is not
cost effective relative to the other negative cost programs reported in this Table. To make up for
its 21.2 MMTCO2E, the other “negative cost” programs could be scaled up.
The ARB has trusted “macro” modelers with conducting the main pieces of the analysis.
Such models have strengths but they also have significant weaknesses. In this review, I have
emphasized how applied microeconomics can inform the policy analysis. Micro economists are
always skeptical when we are told that any public policy offers the public a “free lunch”. In this
review, I have offered several concrete, relatively cheap approaches for testing whether the
proposals listed in Table I-2 of the Economic Evaluation Supplement truly offer net negative
costs. The concrete data suggestions I offered in Section III above would take about 6 months
to implement and could be conducted for roughly $250,000 or less if the electric utilities share
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their data. I guarantee that the insights generated by this extra effort to collecting new data
would be money and time well spent.
The micro insights generated by this research would help to inform the CGE modeling
efforts and the state would face less ex-ante uncertainty about the true consequences of pursuing
AB32’s objectives. I have devoted several sections of my review offering concrete suggestions
for how the CGE models can be augmented with new data about real Californian households and
firms to generate more credible estimates of the real net costs of AB32.
As I discussed above, the E-DRAM and BEAR modelers have more work to do. They
need to reconcile their results with work by the nation’s experts such as Professor Dale
Jorgenson. They should re-calculate their estimates based on the prospects of higher carbon
prices. They should study the robustness of their results to the more realistic assumption that
energy demand is inelastic, and they should explicitly discuss how uncertainty can be introduced
into their models. For example, how will different firms’ investment decisions be affected by
uncertainty introduced by AB32 regulation? We need to see the results from the Energy 2020
model. The E3 modelers need to be explicit about the potential negative contingencies related to
the 33% RPS standard.
My bottom line is that the ARB deserves ample credit for its efforts up until this point but
this Economic Supplement provides an incomplete report on what we know and need to know
about the economic consequences of this important regulation.
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The Supplement reports the result of what was intended to be a “thorough
assessment of the economic impact of the recommended greenhouse gas emission
reduction measures on California”. Some caveats are described, but the Supplement
argues on the basis of one static model (comparing two “snapshots” in time and whose
results are roughly “confirmed” by a second dynamic model) that the implementation of
the Preliminary Recommendation in the draft Scoping Plan will (my emphasis) benefit
California’s economy above “business as usual” in 2020 by:
•
•
•
•
•

An additional $27 billion in productive activity (above $3,597
billion);
An additional $4 billion in Gross State Product (above $2,586
billion);
An additional $14 billion in personal income (above $2,093
billion);
An additional $200 in per capital income (above $47,560); and
An addition 100,000 jobs (above 18,410,000).

Before proceeding, I must admit that it is, to me, almost beyond belief that the
Supplement would report these numbers instead of a succinct conclusion of “essentially
no change” in California’s economic position as a result of the climate measures. Put
another way, any consideration of significant figures would set all of the estimates
recorded above at zero.

1. Theoretical basis for the models:
Computable general equilibrium models of the sort employed in this analysis are
widely used throughout the economics literature to trace the implications of any number
of policy adjustments across a developed economy whose fundamental underpinnings are
built on solid and mature markets. Their assumptions are widely understood, as are the
caveats that must accompany any communication of their results. The Supplement
records these caveats in various places but without much emphasis. That is fine,
especially since the incrementally evolving schematic description of the model structure
is so well done.
Emphasis is placed on the limitations in macroeconomic models like E-DRAM to
account for micro-level interactions with specific program designs and detailed portraits
of cost-effective energy technologies (with and without the climate policy initiative).
That is fine, as well, though the statement that these models “tend to understate the
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benefits afforded by market-based policies” needs a little more support. Why, for
example, cannot systematic errors be corrected by recalibrating the aggregate
formulations in the model? Detailed portraits would still be missing, but aggregate
economic indicators would be improved.
The “Cost and Savings Analysis” framework is fine, as well, even though it uses a
truncating approximation for a standard discounted approach. It might be interesting to
see if the associate errors for short time horizons (the roughly 12 year’s time between
now and 2020) are larger than the reported differences with and without policy
intervention. More importantly, the forecasted energy prices for 2020 used in the cost
and savings estimations (Table I-1) have to be a significant source of risk. They are
highly uncertain, and the sensitivity of the cost and savings estimates has to be
extraordinary. This is one place where some serious sensitivity analysis for alternative
futures is a necessity.

2. Appropriateness of the models to support the evaluation of the policy scenarios.
My reading of the Supplement suggests that the analysis based on E-DRAM
essentially relies on three snapshots of the California economy in time – one for current
conditions and two for conditions that would be forthcoming without and with the
climate initiative in place. Those results are then confirmed (or at least increased
confidence is claimed) by noting that the more dynamic BEAR model supports very
similar descriptions of 2020. Surely the 2020 endpoint must be highly sensitive to
trajectory taken – sensitive not only to the timing of the climate policy but also to the
timing of changes in other driving variables including energy prices and other events that
will occur in the “rest of the world”.
In that regard, I wonder about exactly how the dynamic model is calibrated to
exogenously determined GDP. The dynamics of the model are driven by accumulation of
productive capital and population growth, shifts in technology, and an assumed
putty/semi-putty specification of that technology. That is fine; it is just the adjective
“exogenously” that worries me. Can the authors argue persuasively that the calibration
does not inappropriately limit the variability in macroeconomic outcomes. As an aside, it
would be good if the “Sector-Specific Measures” results reported in Table III.6 reported
at least the shadow price of carbon.

3. Assessment of the key data sets.
Not being from California, I am not really in a position to judge their quality.
They have, though, supported other analyses that have appeared in the peer-reviewed and
grey literatures over a period of time. There is therefore no reason to doubt either their
quality or their consistency with the bases for other policy analyses conducted for the
state.

Gary Yohe, Ph.D.

4. Examination of the assumptions for validity and practicality.
Comments about this are interspersed throughout. In general, though, the models
conform to the state of the art for computable general equilibrium exercises. My only
real concerns lie in a lack of alternative scenarios over which some important sensitivity
analysis should be conducted and the spurious precision with which the results for even
one scenario are reported. The former concern finds its origins in missing completely
any information that decision-makers would have about what futures could, as they
evolve, lead the state to a 2020 future completely different from the one depicted. Those
decision-makers are therefore uninformed about what to monitor in the intervening 12
years so that they could, if need be, make “mid-course corrections” before they become
too expensive.

5. Assessment of key variables to which the model is most sensitive and a qualitative
assessment of how alternative assumptions could impact the results.
This is difficult to answer because sensitivities have not been explored. On an
intuitive level, however, it is impossible to believe that alternative assumptions about
behavior across the rest of the world in import/export markets AND the development of
carbon-saving technologies would not make a significant difference. In particular, not all
of the new technology will emerge from California, so not all of the rent will stay at
home in a global (even general equilibrium) reaction to what will be global policy. The
potential participation by the United States, China and perhaps India in international
mitigation regimes are all sources of variability that need to be considered – not only with
respect to whether or not, but also when. The inclusion of a range of possible futures
could be accomplished through alternative trajectories for economic variables that
abstractly represent alternative political-economy without specific details, but they need
to be evaluated. California is vulnerable to climate change, its own climate policy, and
the policies of others.
Many others have conducted analyses designed to explore the relative importance
of the underlying drivers of economic models designed to produce distributions of
emissions trajactories with and without policy intervention. Early analyses by Edmonds
and Reilly or Nordhaus and Yohe come to mind. Uncertainty-based model comparisons
have been conducted periodically by the Energy Modeling Forum out of Stanford.
Perhaps most recently, the authors of the Stern Review, not to mention Chris Hope,
himself, have examined relative sensitivities with Hope’s PAGE2002 model (the model
that Stern used). In every case, to my memory, specifications of (1) differential rates of
technological change across various sectors (carbon-based versus non-carbon based or
more detailed disaggregation), (2) differential elasticities of substitution across energy
sources (although CES is a problem with more than two inputs in this regard), and (3)
differential specifications of the parameters that set the geographic boundary conditions
over space and time are always on the top of the list.
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6. Reasonableness of the models’ results and their interpretation including commentary
on how subsequent modeling efforts can be improved.
I have already commented on spurious precision.
The result that permits would clear at $10 per ton of CO2-eq seems absurdly low
for a 28% reduction in emissions against the business as usual baseline. It is far out of
line with other estimates. It may be right, but its source needs to be clearly articulated.
Economic analyses that supported the Third Assessment Report put the marginal cost of
reductions on the order of 25-30% in the $30 per ton range (converting to 2007$). The
latest Nordhaus work places the tax for the Kyoto trajectory at around $50 per ton
(2007$) in 2020. The Fourth Assessment Report places the cost of CO2-eq between $50
and $100 per tonne for 20-40% reductions from the A1B baseline in 2030 and $50 per
ton from the B2 baseline. For these last estimates, bottom-up estimates of cost are lower
than top-down, but not by much.
These estimates may not be perfectly comparable to the results for California
(given different scales and scopes), but they raise many points (beyond the one already
noted – that more support of the credibility and robustness of the $10 per ton estimate is
necessary). One is that the claim that macro models overestimate policy costs may be
overstated. The second is that the price of permits (or the shadow price of other controls)
depends on the baseline; thinking about scenarios that would produce different baselines
is therefore essential, as well. A third notes that estimates from any particular baseline
are uncertain, as well. It follows that sensitivities with respect to variables noted by any
and all reviewers, as well as the authors themselves, must be explored not only with
respect to the policy scenarios from a specific baseline, but also with respect to the
baseline, itself.
It should also be noted that all of these estimates for the price of CO2-eq come
with estimates of potentially significant economic cost expressed in terms of GDP even
though 2020. The AR4 results, for example, can say little more than economic cost
would be less than 3% of GDP (in 2030, admittedly) along emissions trajectories that
peak in the next decade and fall to 2000 levels by 2020. This is not a surprise, but
another reason for more justification. Again, the comparison is not exact, but I am aware
of a state analysis for Connecticut conducted by Charles Rivers. It showed significant
costs for a similar policy proposal even within a regional cap and trade program. I expect
that these results should be comparable, and they are clearly not compatible with the
Supplement’s main conclusion.
Perhaps all of this could be resolved not only by significant sensitivity analysis,
but also by a careful comparative literature search across a range of studies that have
offered cost estimates for mitigation in the range of the 28% reduction in emissions
considered here. Exploring differences and similarities would put my mind at relative
ease, especially if their sources could be explained (or at least hypotheses offered).

Gary Yohe, Ph.D.

As a bottom line, it seems to me that the conclusion of “no-harm” offered by the
Supplement must surely be sensitive to a wide range of assumptions about how the future
might unfold over time calibrated in terms of a wide range of parameters. This sensitivity
(and associated robustness) needs to be thoroughly explored if this is to be a “thorough
analysis” in part to display the range of results and in part (more importantly) to
determine which futures produce good news and which produce bad news.
While my review of the Supplement raises some issues, however, I sincerely hope
that my comments will not be construed, interpreted, or reported as expressing opposition
to the policy program, itself. They are, instead, directed simply and exclusively at
improving its analytical underpinnings so that the policy can be implemented more
effectively over its relatively short time horizon and thereby increase the likelihood of
success over the longer term.

Gary Yohe, Ph.D.
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1.

Introductory Comments

I have been asked to provide comments on the California Air Resources Board’s economic
analysis of the costs of implementing policies intended to achieve the objectives of AB 32, the
California Global Warming Solutions Act of 2006.
Global climate change is an important environmental threat which merits serious attention
by policy makers around the world. In order to address climate change in a meaningful way, serious
public policies will be required in order to move the world’s economies onto significantly less
carbon-intensive growth paths. This will not be easy, and it will not be cheap. Indeed it will be
costly, as clearly indicated by economic analyses that have been carried out around the world, and
have been summarized — to some extent — in the second, third, and fourth assessment reports of
the Intergovernmental Panel on Climate (IPCC).
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Director, Harvard Environmental Economics Program; University Fellow, Resources for the Future; Research Associate,
National Bureau of Economic Research; former Chair, Environmental Economics Advisory Committee, U.S.
Environmental Protection Agency; and Lead Author, Second and Third Assessment Reports, Intergovernmental Panel
on Climate Change. These comments are not submitted on behalf of these institutions (or others), and the use of my
stationary is for identification purposes only. Because of the schedule I was given for submitting comments, I am unable
to provide citations and a list of references. The fact that I do not comment on any aspect of the economic analysis does
not indicate that I necessarily approve of it, but simply that I did not have time to provide a complete assessment.
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Because of the magnitude of the challenge and the significant costs of addressing it, the best,
most cost-effective public policies will be required, and — pursuant to that — the best economic
analyses are essential if governments are to design and adopt such policies. These are lessons that
I have learned through several decades of work on the economic dimensions of environmental
policy, including extensive research on the economics of global climate change policy.
Indeed, the role of economic analysis in environmental policymaking has been a focus of my
research and my public policy engagement with Federal and state governments for several decades.
I am a former Chairman of the U.S. Environmental Protection Agency's (EPA) Environmental
Economics Advisory Committee, which provides expert advice to the EPA Administrator on
economic issues related to environmental decision making. I was appointed Chairman by
Administrator Carol Browner during the Clinton Administration, and re-appointed Chairman by
Administrator Christie Todd Whitman during the George W. Bush Administration. As Chairman,
I directed the review of EPA’s revised Guidelines for Preparing Economic Analyses, EPA’s
guidance document for development of regulatory impact analyses of EPA rulemakings. As
Chairman, I also directed reviews of EPA’s methods of economic analysis. At Harvard, I teach
courses that address the theory, method, and practice of benefit-cost analysis. In addition, I have
served as a Lead Author of the Second and Third Assessment Reports of the Intergovernmental
Panel on Climate Change, where my work focused on climate policy instruments.
2.

Overview of CARB’s Economic Analysis

The California Air Resources Board (CARB) merits credit for having provided an economic
analysis of its “Draft Scoping Plan” for achieving AB 32's targets, but for the reasons I describe in
this brief memo, I have come to the inescapable conclusion that the economic analysis is terribly
deficient in critical ways and should not be used by the State government or the public for the
purpose of assessing the likely costs of CARB’s plans. I say this with some sadness, because I was
hopeful that CARB would produce sensible policy proposals analyzed with sound scientific and
economic analysis.
Early on in this process, I conveyed to CARB my view that an outside panel of experts, such
as the one on which CARB asked me to serve, could be most helpful to the work of CARB if we
were to consult with CARB’s economic analysis staff at an early stage. This would have allowed
outside experts to help the internal staff construct a solid economic analysis, identify any problems
as the staff began to carry out the analysis, and then help the staff improve and refine the analysis.
Instead, we have been completely uninvolved in the process until we were sent the economic
analysis as it became public.
The result is two-fold. First, the analysis is severely flawed, and hence not useful for the
purpose for which it was intended, as I explain below. Second, I fear that at this stage of the
process, CARB will find itself in a position of being compelled to publicly defend its economic
analysis from critiques such as my own, rather than significantly amend it in response to expert
commentary. Both of these outcomes are very unfortunate.
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Below I highlight just a few of the most glaring and severe errors and deficiencies in
CARB’s economic analysis. Because of the schedule I’ve been given, I cannot go into detailed
explanations, nor can I hope to cover the many other problems with CARB’s analysis. However,
I will be pleased to follow up with CARB staff, if they wish to develop an economic analysis that
is useful and reliable.
3.

CARB’s Economic Analysis Cannot Be Used to Identify a Cost-Effective Set of Policies

Even if one accepts the cost estimates that CARB produces, which I believe are significant
understatements of the true costs for the reasons I outline below, the estimates are still useless for
identifying a cost-effective portfolio of policies to achieve the ambitious objectives of AB 32. This
is because there is no comparison of the costs of CARB’s chosen portfolio of polices with alternative
policies, nor with different stringencies and/or weightings of the policies in its portfolio. Hence, it
is absolutely impossible to use the present economic analysis to determine whether CARB’s Scoping
Plan represents a truly cost-effective means of reducing California’s contribution to greenhouse gas
concentrations in the atmosphere.
For example, although CARB recognizes some of the economic and environmental merits
— greater environmental achievement and lower economic costs — of a cap-and-trade system as
a key element of its plan, the economic analysis does not assess what the anticipated impact on cost
would be of greater (or, for that matter, lesser) reliance on cap-and-trade within the overall plan.
Likewise, an examination of critical policy design issues — which, I believe, ought to be at
the heart of CARB’s economic analysis (instead of a flawed set of claims about negative costs) —
is impossible given CARB’s failure to assess the costs of alternatives to its chosen design. As just
one example, some have proposed limiting the use of offsets quantitatively and/or in terms of their
geographic origin. I have written elsewhere about the inherent flaw in addressing concerns about
the quality of offsets by limiting their use either quantitatively or on the basis of their geographic
origin. The harshest critics of the use of offsets, such as David Victor and Michael Wara of Stanford
University, have likewise written about the fact that the problem of the quality of offsets cannot and
should not be addressed through quantitative or geographic constraints, but through employment
of better quality criteria. CARB fails to analyze the cost implications of quantitative and geographic
offset limits, nor have they considered the implications of employing quality criteria instead.
4.

CARB’s Economic Analysis Uses a Systematically Biased Baseline Which Leads to
Significant Under-Estimates of Costs

At the heart of an economic analysis of virtually any prospective public policy — as
described both in the U.S. Environmental Protection Agency’s Guidelines for Preparing Economic
Analyses as well as in the U.S. Office of Management and Budget’s economic analysis guidelines
under Presidential executive orders which date back to the Carter administration — is a comparison
between anticipated actions and behavior with and without the policy in question. It is the
difference between those two sets of estimates — that is, the policy scenario and the baseline
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(sometimes called the business-as-usual or BAU) scenario — that constitutes the estimated impacts
of the policy, whether in regard to its benefits or its costs.
CARB develops a baseline for its analysis which is systematically biased (and remarkably,
internally inconsistent) in ways which lead to potentially severe underestimates of costs. In
particular, CARB does not include in the baseline some very important existing policies that would
be adopted whether or not AB 32 is implemented. One important example are the so-called Pavley
standards. Thus, the impacts of the Pavley standards are incorrectly attributed to CARB’s Scoping
Plan, and the energy-efficiency gains that those standards are believed to yield constitute the vast
majority of the net cost savings that CARB attributes to the Scoping Plan.
Interestingly, CARB takes an inconsistent approach with some other policies which it
acknowledges would impose serious costs, such as the Renewable Portfolio Standard. CARB places
these in the baseline scenario, thereby not including their cost in the cost estimate for the Scoping
Plan. Thus, CARB has selectively included and excluded various non-AB 32 policies in its baseline
precisely in ways that lead systematically to under-estimating the cost of the Scoping Plan.
There is another way in which CARB comes up with a biased baseline and hence biased
estimates of costs. In response to the recent rise in energy prices — in particular, gasoline prices
— CARB employs a much greater time path of future energy prices in its baseline and policy
scenarios than in previous analysis. The result of this, of course, is an increase in the estimated cost
savings from the fuel efficiency improvements that CARB attributes to its Plan, since each gallon
saved is worth more. However, this higher anticipated price of energy should also result in
predictions of very significant changes in future energy efficiency in the baseline scenario (i.e., even
without new policies), due to changes in consumer behavior. This would then reduce
proportionately the economic gains from energy efficiency policies, possibly offsetting the effect
that higher energy prices would otherwise have on those gains. There are extensive literatures in
theoretical and empirical economics which validate this point. Because of time, I do not reference
that literature here, but — of course — I can do so in the future, if CARB wishes to correct its
analysis.
Thus, there is internally inconsistent use in CARB’s analysis of predictions of future fuel
prices, and this inconsistency leads CARB to systematically under-estimate the costs of its Scoping
Plan.
5.

CARB’s Economic Analysis Cannot Be Used to Estimate Competitiveness Impacts

There is considerable concern regarding the impact of AB 32 implementation on businesses
located in California. In its economic analysis, CARB seeks to assess such so-called
competitiveness impacts. However, for reasons I lay out below, CARB’s analysis is not useful for
this purpose.
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First of all, the CARB economic analysis — flawed and biased for the reasons I have
outlined above — is essentially a long-term analysis. It does not address and does not seek to
address the short-term, possibly greater transition costs that can occur as firms are required to
undertake significant investments in order to meet the various requirements of the portfolio of
policies that are contemplated.
Second, CARB’s cost analysis is an aggregate examination in which CARB seeks to estimate
overall impacts (or what could be described as average impacts). For example, the analysis suggests
that electricity prices will increases by approximately 11 percent. As explained in my comments
above, this and other cost elements are under-estimated as a result of fundamental problems with
CARB’s analytical approach (see section 4, above). However, even putting that aside for the
moment, there is another problem with CARB’s use of these numbers in its competitiveness
analysis. CARB claims that the Scoping Plan will actually improve the competitiveness of
California business, because increases in energy efficiency will more than compensate for the
induced increases in energy prices. But, at best, this is a claim about overall or average impacts.
CARB does not provide any evidence whatsoever that decreases in electricity use will compensate
for increased electricity prices in the case of every business in the state. A competitiveness analysis
must examine the specific distributional, not simply the average, impacts of the portfolio of planned
policies.
Thus, CARB’s analysis of the competitiveness implications of its Scoping Plan is
analytically flawed and empirically misleading.
6.

Conclusions

In my review of CARB’s Economic Analysis Supplement, prepared pursuant to AB 32, I
have found, first, that the analysis cannot be used to identify a cost-effective set of policies to
achieve the environmental goals of AB 32, because the analysis provides no comparison of the costs
of the chosen portfolio of polices with alternative policies, nor with different stringencies and/or
weighting of the policies in its portfolio. Hence, it is impossible to use the analysis to determine
whether CARB’s Scoping Plan represents a cost-effective means of reducing California’s
contribution to greenhouse gas concentrations in the atmosphere or whether modifications of the
plan would result in achieving the same objectives at lower cost.
Second, the analysis as developed cannot be used to examine critical issues of policy design,
such as proposals to limit the use of offsets both quantitatively and with regard to their geographic
origin, despite the fact that this could severely drive up compliance costs without addressing
concerns about the quality of offsets.
Third, CARB’s economic analysis systematically under-estimates costs. It does this in a
variety of ways, one of which is by employing a flawed and biased baseline that inappropriately
excludes important existing public policies, such as the Pavley standards, the impacts of which are
thereby incorrectly attributed to CARB’s Scoping Plan, accounting for the vast majority of CARB’s
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claim of net savings due to AB 32 implementation. The economic analysis selectively includes or
excludes various existing non-AB 32 policies in its baseline precisely in ways that lead
systematically to under-estimating the cost of the Scoping Plan.
Fourth, by ignoring the impacts on consumer behavior of the higher energy prices it
anticipates, CARB inflates the value of the efficiency gains it claims are due to the Scoping Plan and
at the same time exaggerates the magnitude of those efficiency gains by claiming much larger
impacts of the Scoping Plan on energy efficiency than are reasonable if one accounts for the
behavioral changes that are consistent with CARB’s forecast of higher energy prices. This internal
inconsistency in CARB’s analysis regarding its own predictions of future energy prices and baseline
behavior is another cause of CARB systematically under-estimating the costs of its Scoping Plan.
Fifth, CARB’s competitive analysis fails for a variety of reasons, including the fact that it
ignores the short-term transition costs that firms incur when they make significant investments to
meet the requirements of the AB 32 policies.
Sixth, more broadly, CARB’s analysis cannot be used to examine competitiveness impacts
because it is an aggregate analysis of total impacts. That is, CARB examines average impacts, and
ignores the tremendous diversity of firms that will be affected by its regulations, and thereby the
great heterogeneity of impacts and costs.
As I said at the outset, global climate change is an important environmental threat that merits
serious attention by policy makers. Because of the magnitude of the challenge and the significant
costs of addressing it — as validated by a wide range of studies, including the Second, Third, and
Fourth Assessment Reports of the Intergovernmental Panel on Climate Change — sound economic
analyses are essential if sensible public policies are to be designed and implemented. For the
reasons I have laid out in this memorandum, the economic analysis on which I have been asked to
comment is deficient, flawed, and ultimately biased.
As I also noted above, I regret very much this inescapably negative conclusion, because of
my desire to help CARB develop and execute a sound economic analysis. The approach taken by
CARB with its peer review process unfortunately did not allow for the outside experts, such as
myself, to help the internal staff construct a solid economic analysis, identify problems as the staff
carried out its analysis, and then help improve and refine the analysis. Sadly, the result is that the
analysis is severely flawed and not useful for the purpose for which it was intended.
I remain hopeful that CARB will seek to develop and carry out a sound economic analysis,
consistent with basic principles of economic analysis as reflected in guidelines as diverse as the U.S.
Environmental Protection Agency’s Guidelines for Preparing Economic Analyses, the decades-longseries of Presidential executive orders on regulatory impact analysis, the U.S. Office of Management
and Budget’s guidelines, as well as the practice employed by successive rounds of economic
analysis by the Intergovernmental Panel on Climate Change. I remain willing to help CARB in the
future if it wishes to develop an economic analysis that is truly useful and reliable.

Robert Stavins, Ph.D.

ROBERT N. STAVINS
Albert Pratt Professor of Business and Government
Director, Harvard Environmental Economics Program
Chairman, Environment and Natural Resources Faculty Group
John F. Kennedy School of Government, Harvard University

79 John F. Kennedy Street, Room 306, Cambridge, MA 02138
Phone: (617) 495-1820
Fax: (617) 496-3783
E-Mail: robert_stavins@harvard.edu
Internet: www.stavins.com
EDUCATION:

Ph.D. Harvard University, Economics, June 1988
M.S. Cornell University, Agricultural Economics
B.A. Northwestern University, Philosophy

RESEARCH AND TEACHING FOCUS:
Economics and Policy

Environmental & Natural Resource

PUBLICATIONS:
Academic Journals
"Addressing Climate Change with a Comprehensive U.S. Cap-and-Trade System." The
Oxford Review of Economic Policy, Volume 24, Number 2, 2008, pp. 298-321.
"Corporate Social Responsibility Through An Economic Lens." Review of
Environmental Economics and Policy 2(2008): 219-239. With F. Reinhardt and R.
Vietor.
"What Drives Land-Use Change in the United States? A National Analysis of Landowner
Decisions." Land Economics 84(2008): 529-550. With R.N. Lubowski and A.J.
Plantinga.
"A Meaningful U.S. Cap-and-Trade System to Address Climate Change." Harvard
Environmental Law Review 32(2008): 293-371.
“Climate Policy Architectures for the Post-Kyoto World.” Environment 50(2008), May,
number, 3, pp. 6-17. With J.E. Aldy.
"Water Demand Under Alternative Price Structures." Journal of Environmental
Economics and Management 54(2007): 181-198. With S.M. Olmstead and W. M.
Hanemann.
"Book Review: Jancis Robinson, Tasting Pleasures -- Confessions of a Wine Lover."
Journal of Wine Economics, Volume 2, Number 1, Spring 2007, pp. 106-108.

Robert Stavins, Ph.D.

"On the Value of Formal Assessment of Uncertainty in Regulatory Analysis." Regulation
and Governance 1(2007):154-171. With J. Jaffe.
"Second-Best Theory and the Use of Multiple Policy Instruments." Environmental and
Resource Economics 37(2007):111-129. With L.S. Bennear.
"The Effects of Economic and Policy Incentives on Carbon Mitigation Technologies."
Energy Economics 28(2006):563-578. With R.G. Newell and A.B. Jaffe.
"An International Policy Architecture for the Post-Kyoto Era." American Economic
Review Papers and Proceedings, Volume 96, Number 2, May 2006, pp. 35-38. With
S.M. Olmstead.
"Land-Use Change and Carbon Sinks: Econometric Estimation of the Carbon
Sequestration Supply Function." Journal of Environmental Economics and Management
51(2006): 135-152, With R.N. Lubowski and A.J. Plantinga.
"Vintage-Differentiated Environmental Regulation." Stanford Environmental Law
Journal, Volume 25, Number 1 (Winter 2006), pp. 29-63.
"Editorial Welcome." Journal of Wine Economics 1(May 2006): 1. With K. Anderson, O.
Ashenfelter, V. Ginsburgh, and K. Storchmann.
"Film Review: Alexander Payne, Sideways." Journal of Wine Economics 1(May 2006):
91-93.
"Using Revealed Preferences to Infer Environmental Benefits: Evidence from
Recreational Fishing Licenses." Journal of Regulatory Economics 28(2005):157-179.
With L.S. Bennear and A.F. Wagner.
"A Tale of Two Market Failures: Technology and Environmental Policy." Ecological
Economics 54(2005):164-174. With A.B. Jaffe and R.G. Newell.
"Forging a More Effective Global Climate Treaty." Environment 46(2004), December,
number 10, pp. 23-30.
"Increasing Participation and Compliance in International Climate Change Agreements."
International Environmental Agreements: Politics, Law and Economics 3(2003): 349376. With S. Barrett.
"Thirteen Plus One: A Comparison of Global Climate Policy Architectures." Climate
Policy, volume 3, number 4, 2003, pages 373-397. With J.E. Aldy and S. Barrett.
"Environmental Regulation During the 1990s: A Retrospective Analysis." Harvard
Environmental Law Review, volume 27, number 2, 2003, pp. 377-415. With R.W. Hahn
and S.M. Olmstead.

Robert Stavins, Ph.D.

"The Effects of Environmental Regulation on Technology Diffusion: The Case of
Chlorine Manufacturing." American Economic Review 93(2003):431-435. With N. Miller
and L. Snyder.
"Interpreting Sustainability in Economic Terms: Dynamic Efficiency Plus
Intergenerational Equity." Economic Letters 79(2003):339-343. With A.F. Wagner and
G. Wagner.
"Cost Heterogeneity and the Potential Savings from Market-Based Policies." Journal of
Regulatory Economics 23(1):43-59, January 2003. With R.N. Newell.
"The Effects of Potential Land Development on Agricultural Land Prices." Journal of
Urban Economics 52(2002):561-581.With A.J. Plantinga and R.N. Lubowski.
"An Eye on the Future: How Economists' Controversial Practice of Discounting Really
Affects the Evaluation of Environmental Policies." Nature, Volume 419, October 17,
2002, pp. 673-674.
"Environmental Policy and Technological Change." Environment and Resource
Economics 22(2002):41-69. With A.B. Jaffe and R.N. Newell.
"Climate Change and Forest Sinks: Factors Affecting the Costs of Carbon Sequestration."
Journal of Environmental Economics and Management 40(2000):211-235. With R.
Newell.
"The Costs of Carbon Sequestration: A Revealed-Preference Approach." American
Economic Review, volume 89, number 4, September 1999, pp. 994-1009. (Copyright
Permission)
"The Induced Innovation Hypothesis and Energy-Saving Technological Change."
Quarterly Journal of Economics, volume 114, issue 3, August 1999, pp. 941-975. With
R.G. Newell and A.B. Jaffe. Reprinted in Technological Change and the Environment,
eds. A. Grubler, N. Nakicenovic, and W.D. Nordhaus, Washington, D.C., Resources for
the Future, 2002.
"How Economists See the Environment." Nature, volume 395, pp. 433-434, October 1,
1998. With D. Fullerton.
"What Can We Learn from the Grand Policy Experiment? Positive and Normative
Lessons from SO2 Allowance Trading." Journal of Economic Perspectives, Volume 12,
Number 3, pages 69-88, Summer 1998.
"The Choice of Regulatory Instruments in Environmental Policy." Harvard
Environmental Law Review, volume 22, number 2, pp. 313-367, 1998. With N. Keohane
and R. Revesz. Reprinted in Land Use and Environmental Law Review, volume 30,
September 1999.

Robert Stavins, Ph.D.

"Significant Issues for Environmental Policy and Air Regulation for the Next Decade."
Environmental Science and Policy 1(1998):143-147.
"A Methodological Investigation of the Costs of Carbon Sequestration." Journal of
Applied Economics 1(1998):231-277.
"Policy Instruments for Climate Change: How Can National Governments Address a
Global Problem?" The University of Chicago Legal Forum, volume 1997, pp. 293-329.
"Crafting the Next Generation of Market-Based Environmental Tools."Environment 39,
number 4 (1997), pp. 12-20, 30-33.. With J. Hockenstein and B. Whitehead.
"Review of Valuing Climate Change by Samuel Fankhuser." Journal of Economic
Literature 34(1996):1999-2000.
"Is There a Role for Benefit-Cost Analysis in Environmental, Health, and Safety
Regulation?" With K. Arrow, M. Cropper, G. Eads, R. Hahn, L. Lave, R. Noll, P.
Portney, M. Russell, R. Schmalensee, and K. Smith. Science, April 12, 1996.
"Correlated Uncertainty and Policy Instrument Choice." Journal of Environmental
Economics and Management 30(1996):218-232.
"Dynamic Incentives of Environmental Regulation: The Effects of Alternative Policy
Instruments on Technology Diffusion."Journal of Environmental Economics and
Management 29(1995):S43-S63. With A.B. Jaffe.
"Transaction Costs and Tradeable Permits." Journal of Environmental Economics and
Management 29(1995):133-148.
"Environmental Regulation and the Competitiveness of U.S. Manufacturing: What Does
the Evidence Tell Us?" Journal of Economic Literature 33(1995):132-163. With A.B.
Jaffe, S.R. Peterson, and P.R. Portney.
"The Energy Efficiency Gap: What Does It Mean?" Energy Policy 22(1994):804-810.
With A.B. Jaffe.
"The Energy Paradox and the Diffusion of Conservation Technology." Resource and
Energy Economics 16(1994): 91-122. With A.B. Jaffe.
"Energy-Efficiency Investments and Public Policy." The Energy Journal, volume 15,
number 2, 1994, pages 43-65. With A.B. Jaffe.
"Regulatory Review of Environmental Policy: The Potential Role of Health-Health
Analysis." Journal of Risk and Uncertainty 8(1994):111-122. With P.R. Portney.

Robert Stavins, Ph.D.

"Comments on 'Lethal Model 2: The Limits to Growth Revisited' by William Nordhaus."
Brookings Papers on Economic Activity, No. 2, pp. 44-50, 1992.
"Pollution Charges for Environmental Protection: A Policy Link Between Energy and
Environment." Annual Review of Energy and the Environment 17(1992):187-210. With
B.W. Whitehead.
"Economic Incentives for Environmental Protection: Integrating Theory and Practice."
American Economic Review 82(1992):464-468. With R.W. Hahn. (Copyright Permission)
"Dealing with Pollution."Environment 34, number 7(1992), September, pp. 7-11, 29-42.
With B.W. Whitehead. Reproduced in An Environmental Law Anthology, eds. Robert
Fischman, Maxine Lipeles, and Mark Squillace. Cincinnati: Anderson Publishing
Company, 1996.
"Incentive-Based Environmental Regulation: A New Era From An Old Idea?" Ecology
Law Quarterly 18(1991):1-42. With R.W. Hahn.
"Alternative Renewable Resource Strategies: A Simulation of Optimal Use." Journal of
Environmental Economics and Management 19(1990):143-159.
"Unintended Impacts of Public Investments on Private Decisions: The Depletion of
Forested Wetlands." American Economic Review 80(1990):337-352. With A.B. Jaffe.
(Copyright Permission)
"Clean Profits: Using Economic Incentives to Protect the Environment."Policy Review.
Spring 1989, Number 48, pp. 58-63.
"Harnessing Market Forces to Protect the Environment." Environment 31(1989),
January/February, number 1, pp. 4-7, 28-35.
"A Model of English Demographic Change: 1573-1873." Explorations in Economic
History, volume 25, pp. 98-116, January 1988.
Books, Authored and Edited
Economics of the Environment: Selected Readings. Fifth Edition. New York: W. W.
Norton & Company, 2005.
Environmental Protection and the Social Responsibility of Firms: Perspectives from Law,
Economics, and Business. Washington, D.C.: Resources for the Future Press, 2005.
The Political Economy of Environmental Regulation. Northampton, Massachusetts:
Edward Elgar Publishing, Inc., 2004.

Robert Stavins, Ph.D.

Environmental Economics and Public Policy: Selected Papers of Robert N. Stavins,
1988-1999. Northampton, Massachusetts: Edward Elgar Publishing, Inc., 2001.
Public Policies for Environmental Protection. Washington, D.C.: Resources for the
Future, 2000. Edited with P.R. Portney.
The Welfare Economics of Alternative Renewable Resource Strategies: Forested
Wetlands and Agricultural Production. New York: Garland Publishing, Inc., 1990.
Chapters in Books
"Environmental Economics." The New Palgrave Dictionary of Economics, 2nd Edition,
eds. Lawrence Blume and Steven Durlauf . London, Palgrave Macmillan Ltd,
forthcoming.
"A Meaningful Second Commitment Period for the Kyoto Protocol." The Economists'
Voice: Top Economists Take on Today's Problems, eds. Joseph E. Stiglitz, Aaron S.
Edlin, and J. Bradford DeLong, pp. 28-36. New York: Columbia University Press, 2008.
With S.M. Olmstead.
"An International Policy Architecture for the Post-Kyoto Era." Global Warming: Looking
Beyond Kyoto, ed. Ernesto Zedillo, pp. 145-153. Washington, D.C.: Brookings Institution
Press, 2008.
"Market-Based Environmental Policies: What Can We Learn From U.S. Experience (and
Related Research)?" Moving to Markets in Environmental Regulation: Lessons from
Twenty Years of Experience, eds. Jody Freeman and Charles Kolstad, pp. 19-47. New
York: Oxford University Press, 2007.
"Environmental Law." Handbook of Law and Economics, Volume I, eds. A. Mitchell
Polinsky and Steven Shavell, pp. 499-589. Amsterdam: Elsevier Science, 2007. With
R.L. Revesz.
"Implications of the U.S. Experience with Market-Based Environment Strategies for
Future Climate Policy." Emissions Trading for Climate Policy: U.S. and European
Perspectives, ed. Bernd Hansjürgens, pp. 63-77. New York: Cambridge University Press,
2005.
"Environmental Protection and Economic Well-Being: How Does (and How Should)
Government Balance These Two Important Values?" Tackling the Critical Conundrum:
How Do Business, Government and Media Balance Economic Growth and a Healthy
Environment?, ed. John A. Riggs, pp. 43-56. Washington, D.C.: The Aspen Institute,
2004.
"Introduction." The Political Economy of Environmental Regulation. Northampton,
Massachusetts: Edward Elgar Publishing, Inc., 2004.

Robert Stavins, Ph.D.

"Technology Policy for Energy and the Environment." Innovation Policy and the
Economy, Volume 4, eds. Adam B. Jaffe, Josh Lerner, and Scott Stern, Chapter 2, pp. 3568. Cambridge, Massachusetts: The MIT Press for the National Bureau of Economic
Research, 2004. With A.B. Jaffe and R.G. Newell.
"Technological Change and the Environment." Handbook of Environmental Economics,
Volume I, eds. Karl-Göran Mäler and Jeffrey Vincent, Chapter 11, pp. 461-516.
Amsterdam: Elsevier Science, 2003. With A.B. Jaffe and R.G. Newell.
"Experience with Market-Based Environmental Policy Instruments." Handbook of
Environmental Economics, Volume I, eds. Karl-Göran Mäler and Jeffrey Vincent,
Chapter 9, pp. 355-435. Amsterdam: Elsevier Science, 2003.
"Lessons from the American Experiment with Market-Based Environmental Policies."
Market-Based Governance: Supply Side, Demand Side, Upside, and Downside, eds. John
D. Donahue and Joseph S. Nye, Jr., pp. 173-200. Washington: The Brookings Institution,
2002.
"National Environmental Policy During the Clinton Years." American Economic Policy
in the 1990s, eds. Jeffrey A. Frankel and Peter R. Orszag, pages 583-660. Cambridge:
MIT Press, 2002. With R.W. Hahn. [Note: For a PDF file that can be downloaded, please
see "Environmental Regulation During the 1990s: A Retrospective Analysis," Harvard
Environmental Law Review, above, in section titled, "Academic Journals"]
"Economic Analysis of Global Climate Change Policy: A Primer." Climate Change:
Science, Strategies, and Solutions, eds. E. Claussen, V.A. Cochran, and D.P. Davis.
Boston: Brill Publishing, 2001.
"Market-Based Environmental Policies." Public Policies for Environmental Protection,
eds. Paul R. Portney and Robert N. Stavins. Washington, D.C.: Resources for the Future,
2000.
"Introduction."Public Policies for Environmental Protection, eds. Paul R. Portney and
Robert N. Stavins. Washington, D.C.: Resources for the Future, 2000. With P.R. Portney.
"The Positive Political Economy of Instrument Choice in Environmental Policy."
Environmental and Public Economics: Essays in Honor of Wallace Oates, eds. Arvind
Panagariya, Paul Portney, and Robert Schwab, pp. 89-125. London: Edward Elgar, Ltd.,
1999. With N. Keohane and R. Revesz.
"Economic Incentives for Environmental Regulation." The New Palgrave Dictionary of
Economics and the Law, ed. P. Newman. London: The Macmillan Press, 1998.
"Market-Based Environmental Policies." Thinking Ecologically: The Next Generation of
Environmental Policy, eds. M. Chertow and D. Esty, pp. 105-117. New Haven: Yale
University Press, 1997. With B. Whitehead.

Robert Stavins, Ph.D.

"Policy Instruments to Combat Climate Change." Climate Change 1995: Economic and
Social Dimensions of Climate Change, Intergovernmental Panel on Climate Change,
Working Group III. Cambridge, England: Cambridge University Press, 1996. With S.
Barrett, P. Bohm, B. Fisher, M. Kuroda, J. Mubazi, A. Shah.
"Environmental Policy in a Transition Economy: Designing Tradeable Permits for
Poland." ENRP Discussion Paper E-95-01, John F. Kennedy School of Government,
Harvard University, January 1995. With T. Zylicz.
"Decision-Making Tools for Environmental Policy." Proceedings of VI Repsol-Harvard
Seminar on Energy Policy, pp. 77-84, S'Agaro, Spain, June 1995.
"Trading in Greenhouse Permits: A Critical Examination of Design and Implementation
Issues." Shaping National Responses to Climate Change: A Post-Rio Policy Guide, ed.
Henry Lee, pp. 177-217. Cambridge: Island Press, 1995. With R.W. Hahn.
"Harnessing Market Forces to Protect the Environment." Overcoming Indifference: Ten
Key Challenges in Today's Changing World, ed. Klaus Schwab. New York: New York
University Press, 1995.
"Developments at the Interface of U.S. Energy and Environmental Policy." Energy and
the Environment: Evolving Challenges and Opportunities, pp. 1-33. Cambridge: Harvard
International Energy Studies, Number Seven, 1994. With H. Lee and R.G. Newell.
"Economic Incentives for Environmental Protection." McGraw-Hill Encyclopedia of
Economics, pp. 321-324. New York: McGraw-Hill, Inc., 1993. With R.W. Hahn.
"The Greening of the Market." Mandate for Change, eds. Will Marshall and Martin
Schram, pp. 197-216. New York, New York: Berkley Book, 1993. With T. Grumbly.
"Toward a New Era of Environmental Policy." Regulating for the Future: The Creative
Balance, ed. Carol Tucker Foreman, pp. 133-173. Washington, D.C.: Center for National
Policy Press, 1991.
Selected Articles in Public Policy and Other Periodicals
“Land-Use Change and Carbon Sinks.” The Environmental Forum, Volume 25, Number
6, November/December, 2008, p. 16.
“Ongoing Drivers of Wetlands Depletion.” The Environmental Forum, Volume 25,
Number 5, September/October, 2008, p. 16.
“CSR Through an Economic Lens.” The Environmental Forum, Volume 25, Number 4,
July/August, 2008, p. 16.

Robert Stavins, Ph.D.

“Enviro Justice and Cap-and-Trade.” The Environmental Forum, Volume 25, Number 3,
May/June, 2008, p. 20.
"Linking Tradable Permit Systems." The Environmental Forum, Volume 25, Number 2,
March/April, 2008, p. 16.
"Cap-and-Trade or a Carbon Tax?" The Environmental Forum, Volume 25, Number 1,
January/February, 2008, p. 16.
"A Sensible Way to Cut CO2 Emissions." The Environmental Forum, Volume 24,
Number 6, November/December, 2007, p. 18.
"Misconceptions About H2O Pricing." The Environmental Forum, Volume 24, Number 5,
September/October, 2007, p. 18.
"What is the Future of U.S. Coal?" The Environmental Forum, Volume 24, Number 4,
July/August, 2007, p. 18.
"Free GHG Cuts: Too Good to be True?" The Environmental Forum, Volume 24,
Number 3, May/June, 2007, p. 16.
"A Meaningful Second Commitment Period for the Kyoto Protocol." The Economist's
Voice, May, 2007, pp. 1-6. With S.M. Olmstead.
"Tradable Permits: Fly in the Ointment?" The Environmental Forum, Volume 24,
Number 2, March/April, 2007, p. 16.
"Policies Can Work in Strange Ways." The Environmental Forum, Volume 24, Number
1, January/February, 2007, p. 16.
"As Reservoirs Fall, Prices Should Rise." The Environmental Forum, Volume 23,
Number 5, November/December, 2006, p. 14.
"What Role for U.S. CO2 Sequestration?" The Environmental Forum, Volume 23,
Number 4, September/October, 2006, p. 14.
"Is Benefit-Cost Analysis Helpful?" The Environmental Forum, Volume 23, Number 3,
May/June, 2006, p. 14.
"Review of The Market for Virtue: The Potential and Limits of Corporate Social
Responsibility, by David Vogel." Environment, April, 2006, p. 43.
"A Utility Safety Valve for Cutting CO2." The Environmental Forum, Volume 23,
Number 2, March/April, 2006, p. 14.

Robert Stavins, Ph.D.

"Some Straight Talk Needed About CSR." The Environmental Forum, Volume 23,
Number 1, January/February, 2006, p. 14.
"Global Warming." The American Interest, Volume I, No. 2, Winter 2005, Letters &
Notes.
"Don't Blame Romney: Support the Safety-Valve for the Regional Greenhouse Gas
Initiative." Op-Ed, The Boston Globe, December 10, 2005.
"Does Econ Analysis Shortchange Future?" The Environmental Forum, Volume 22,
Number 6, November/December 2005, p. 14.
"What Baseball Can Teach Policymakers." The Environmental Forum, Volume 22,
Number 5, September/October 2005, p. 14.
"The Making of a Conventional Wisdom." The Environmental Forum, Volume 22,
Number 4, July/August 2005, p. 10.
"Regulating by Vintage: Put a Cork in It." The Environmental Forum, Volume 22,
Number 3, May/June 2005, p. 12.
"Lessons Learned from SO2 Allowance Trading." Choices, volume 20, number 1, 1st
Quarter, 2005, pp. 53-57.
The Effects of Vintage-Differentiated Environmental Regulation. Related Publication 0503. Washington, D.C.: AEI-Brookings Joint Center for Regulatory Studies, March 2005.
"Markets Can Make Fisheries Sustainable." The Environmental Forum, Volume 22,
Number 2, March/April 2005, p. 12.
"Beyond Kyoto: Getting Serious About Climate Change." The Milken Institute Review,
volume 7, number 1, 2005, pp. 28-37.
"A Better Climate Change Agreement." The Environmental Forum, Volume 22, Number
1, January/February 2005, p. 12.
"A Tale of Two Taxes, A Challenge to Hill." The Environmental Forum, Volume 21,
Number 6, November/December, 2004, p. 12.
The Value of Formal Quantitative Assessment of Uncertainty in Regulatory Analysis.
Related Publication 04-22. Washington, D.C.: AEI-Brookings Joint Center for
Regulatory Studies, September 2004. With J. Jaffe.
"The Myths of Market Prices and Efficiency." The Environmental Forum, Volume 21,
Number 5, September/October 2004, p. 12.

Robert Stavins, Ph.D.

"The Myth of Simple Market Solutions." The Environmental Forum, Volume 21,
Number 4, July/August 2004, p. 12.
"The Myth of the Universal Market." The Environmental Forum, Volume 21, Number 3,
May/June 2004, p. 12.
"Taking Fish to Market." Op-Ed, Forbes, April 28, 2003, p. 40.
"A Better Way to Regulate Fishing." Op-Ed, The Boston Globe, December 2, 2002.
"New Source Review Under the Clean Air Act: Ripe for Reform." Resources, Issue 147,
Spring 2002, pp. 19-23. With H. Gruenspecht.
"Brayton Point Power Plant: Weigh Costs to Benefit." Op-Ed, The Boston Business
Journal, June 21, 2002.
"A Level Field on Pollution at Power Plants." Op-Ed, The Boston Globe, January 26,
2002. With H. Gruenspecht.
"Give Bush Time on Climate Issues." Op-Ed, The Boston Globe, April 4, 2001.
"Review of Pollution for Sale: Emissions Trading and Joint Implementation, edited by
Steve Sorrell and Jim Skea." Environment, Volume 42, Number 3, April 2000, p. 45.
"Energy-Efficient Technologies and Climate Change Policies: Issues and Evidence."
Climate Issue Brief No. 19. Washington, D.C.: Resources for the Future, December 1999.
With A.B. Jaffe and R.G. Newell. Reprinted in Toman, Michael A., ed., Climate Change
Economics and Policy, pp. 171-181, Washington, D.C.: Resources for the Future, 2001.
"How to Stop Squandering Water? Raise Its Price." Op-Ed, New York Times, August 14,
1999.
"Review of Economics and Policy Issues in Climate Change, edited by William
Nordhaus." Environment, Volume 41, Number 5, June 1999, p. 27.
"Economic Thinking in Environmental Coverage: It's Not Accounting." The Quill,
volume 84, number 1, January/February, 1996, pp. 31-34.
"Environmental Policy: Better Media Coverage of Risks." Nieman Reports, vol. 49, no. 3,
Fall 1995, pp. 12-14.
"Transaction Costs and Markets for Pollution Control." Resources, No. 119, Spring 1995.
"The Challenge of Going Green: A Perspective on Environmental Regulation and
Competitiveness." Harvard Business Review, July/August 1994, pp. 38-39.

Robert Stavins, Ph.D.

"Market Forces Can Help Lower Waste Volumes" Forum for Applied Research and
Public Policy, Spring 1993, volume 8, number 1, pp. 6-15.
"New Approaches to Environmental Cleanup." The Quill, volume 81, number 8, October
1993, pp. 35-38.
"New, Cost-Conscious Environmentalism: Challenge is to 'Harness Power of Markets'."
Roll Call, volume 38, number 81, May 3, 1993, pp. 24-25.
"Green Taxes Would Reduce Pollution and Support Economic Growth." Governing,
April 1993, pp. 69-70.
"Making Use of the Market: Taxes, Tradeable Permits, and Global Climate Change."
Issues in Science and Technology 9(1992-93), number 2, pp. 22-23
"Economic Instruments for Environmental Policy: Theory and Applications in the United
States." Innovazieone e Materie Prime, No. 3, pp. 66-79, 1992. With R.W. Hahn.
"The Greening of Adam Smith." The New Democrat, October 1992, pp. 15-17. With
B.W. Whitehead.
"Harnessing the Marketplace." EPA Journal, Volume 18, Number 2, May/June, 1992, pp.
21-25.
"Innovative Policies for Sustainable Development: The Role of Economic Incentives for
Environmental Protection." Harvard Public Policy Review, volume 7, number 1, pp. 1325, Spring 1990.
"Environmental Accounting: Greening the Profit Motive." The World Paper, September
1990, p. 1.Conversion of Forested Wetlands to Agricultural Uses. New York:
Environmental Defense Fund (EDF), 1987.
The Tuolumne River: Preservation or Development? Berkeley, CA: Environmental
Defense Fund, October 1983.
Trading Conservation Investments for Water. Berkeley, CA: Environmental Defense
Fund, March 1983.
Selected Government Reports:
"Comments on the Recommendations of the Market Advisory Committee to the
California Air Resources Board, 'Recommendations for Designing a Greenhouse Gas
Cap-and-Trade System for California.'" Cambridge, Massachusetts, June 15, 2007.

Robert Stavins, Ph.D.

Affordability Criteria for Small Drinking Water Systems. EPA-SAB-EEAC-03-004.
Washington, D.C., December 2002. With Members of the Environmental Economics
Advisory Committee, U.S. Environmental Protection Agency Science Advisory Board.
Importance of Maintaining the Annual Pollution Abatement Cost and Expenditures
(PACE) Survey. EPA-SAB-EEAC-COM-02-001. Washington, D.C., January 15, 2002.
With Members of the Environmental Economics Advisory Committee, U.S.
Environmental Protection Agency Science Advisory Board.
Market Incentives. EPA-SAB-EEAC-CON-02-002. Washington, D.C., December 18,
2001. With Members of the Environmental Economics Advisory Committee, U.S.
Environmental Protection Agency Science Advisory Board.
An Approach to Developing a Research Agenda for Environmental Economics. EPASAB-EEAC-CON-02-003. Washington, D.C., December 18, 2001. With Members of the
Environmental Economics Advisory Committee, U.S. Environmental Protection Agency
Science Advisory Board.
Trade and the Environment. EPA-SAB-EEAC-CON-01-003. Washington, D.C., May 25,
2001. With Members of the Environmental Economics Advisory Committee, U.S.
Environmental Protection Agency Science Advisory Board.
An SAB Report on EPA's White Paper Valuing the Benefits of Fatal Cancer Risk
Reductions. EPA-SAB-EEAC-00-013. Washington, D.C., July 27, 2000. With Members
of the Environmental Economics Advisory Committee, U.S. Environmental Protection
Agency Science Advisory Board.
Consultation on the Topic: Induced Travel: Does Additional Highway Capacity Influence
Travel Demand? EPA-SAB-EEAC-CON-00-002. Washington, D.C., December 7, 1999.
With Members of the Environmental Economics Advisory Committee, U.S.
Environmental Protection Agency Science Advisory Board.
An SAB Report on the EPA Guidelines for Preparing Economic Analysis. EPA-SABEEAC-99-020. Washington, D.C., September, 1999. With Members of the
Environmental Economics Advisory Committee, U.S. Environmental Protection Agency
Science Advisory Board.
Importance of Reinstating the Pollution Abatement and Control Expenditures (PACE)
Survey. EPA-SAB-EEAC-COM-99-001. Washington, D.C., January 19, 1999. With
Members of the Environmental Economics Advisory Committee, U.S. Environmental
Protection Agency Science Advisory Board.
An SAB Advisory on Economic Research Topics and Priorities. EPA-SAB-EEAC-ADV98-005. Washington, D.C., September 22, 1998. With Members of the Environmental
Economics Advisory Committee, U.S. Environmental Protection Agency Science
Advisory Board.

Robert Stavins, Ph.D.

CURRENT WORKING PAPERS:
“Linkage of Tradable Permit Systems in International Climate Policy Architecture.” The
Harvard Project on International Climate Agreements, Discussion Paper 08-07,
Cambridge, Massachusetts, September, 2008. With J. Jaffe.
“Comparing Price and Non-Price Approaches to Urban Water Conservation.” Working
Paper, June 17, 2008.
"Designing an Effective U.S. Climate Policy: Key Issues, Implications, and Tradeoffs."
Cambridge, Massachusetts, June 2007. With J. Jaffe and T. Schatzki.
SELECTED MONOGRAPHS AND REPORTS:
Linking a U.S. Cap-and-Trade System for Greenhouse Gas Emissions: Opportunities,
Implications, and Challenges. Washington, D.C.: AEI-Brookings Joint Center for
Regulatory Studies, January 2008. With J. Jaffe.
Linking Tradable Permit Systems for Greenhouse Gas Emissions: Opportunities,
Implications, and Challenges. Prepared for the International Emissions Trading
Association, Geneva, Switzerland. November, 2007. With J. Jaffe.
"Proposal for a U.S. Cap-and-Trade System to Address Global Climate Change: A
Sensible and Practical Approach to Reduce Greenhouse Gas Emissions." Prepared for the
Hamilton Project, the Brookings Institution, September 12, 2007.
A U.S. Cap-and-Trade System to Address Global Climate Change. The Hamilton Project,
Discussion Paper 2007-13. Washington, D.C.: The Brookings Institution, October 2007.
Managing Water Demand -- Price vs. Non-Price Conservation Programs. Pioneer
Institute White Paper No. 39. Boston, Massachusetts: Pioneer Institute for Public Policy
Research, July 2007.
"Too Good to be True? An Examination of Three Economic Assessments of California
Climate Change Policy." Washington, D.C.: AEI-Brookings Joint Center for Regulatory
Studies, Related Publication 07-01, January 2007. With J. Jaffe and T. Schatzki.
The Cost of U.S. Forest-Based Carbon Sequestration. Arlington, Virginia: Pew Center on
Global Climate Change, January 2005. With K.R. Richards.
Amici Curiae Brief to U.S. Supreme Court Arguing that Natural Science Alone Cannot
Provide a Basis for Risk Management Decisions, No. 99-1257, September 11, 2000.
Coordinated by C. Coglianese and G. Marchant.
Amici Curiae Brief to U.S. Supreme Court Recommending that EPA be Allowed to
Consider Costs and Consequences of Environmental Regulations, No. 99-1246, July 21,

Robert Stavins, Ph.D.

2000. Coordinated by R. Litan and R. Hahn, AEI-Brookings Joint Center for Regulatory
Studies, Washington, D.C.
What Has Kyoto Wrought? The Real Architecture of International Tradeable Permit
Markets. Washington, D.C.: The AEI Press, 1999. With R.W. Hahn.
Readings in the Field of Natural Resource and Environmental Economics. John F.
Kennedy School of Government, Harvard University. Faculty Research Working Paper
Series, R99-02, June 1999. With A. Pfaff.
"Environmental Protection: The Changing Nature of National Governance." Prepared for
discussion at workshop on "Visions of Governance for the Twenty-First Century,"
Bretton Woods, New Hampshire, July 20-23, 1997.
"Nordic Joint Implementation Negotiations: Evaluation of an Experiment." November 5,
1996. With S. Barrett and J. Hourcade.
"Benefit-Cost Analysis in Environmental, Health, and Safety Regulation." Washington,
D.C.: American Enterprise Institute, The Annapolis Center, and Resources for the Future,
1996. With K. Arrow, M. Cropper, G. Eads, R. Hahn, L. Lave, R. Noll, P. Portney, M.
Russell, R. Schmalensee, and K. Smith.
"Harnessing Market Forces for a Diversified Forest Economy, Summary of Project
88/Round II Workshop Proceedings, September 24, 1992." CSIA, Kennedy School of
Government, Harvard University.
"Market-Based Mechanisms for Addressing Global Climate Change, Summary of Project
88/Round II Workshop Proceedings, March 12, 1992." CSIA, Kennedy School of
Government, Harvard University.
"Market-Based Policy Mechanisms for Toxic and Hazardous Substance Management,
Project 88/Round II Workshop Proceedings, January 16, 1992." CSIA, Kennedy School
of Government, Harvard, #P-92-01, March 1992.
"Market-Based Strategies for Environmental Protection: A Tribute to Senator John Heinz
of Pennsylvania, Forum Proceedings, May 16, 1991." CSIA, Project 88 -- Round II,
Discussion Paper #91-6, September 1991.
"Incentive-Based Policies for Municipal Solid Waste Management, Summary of
Workshop Proceedings, May 16, 1991." CSIA, Project 88 -- Round II, Discussion Paper
#91-7, September 1991.
Project 88 -- Round II, Incentives for Action: Designing Market-Based Environmental
Strategies. A Public Policy Study sponsored by Senator Timothy E. Wirth, Colorado, and
Senator John Heinz, Pennsylvania. Washington, D.C.: May 1991. (editor)"Project 88
Conference, Harnessing Market Forces to Protect the Environment." EEPC Staff Paper

Robert Stavins, Ph.D.

M-89-02, John F. Kennedy School of Government, Harvard University, Cambridge,
Massachusetts, August 1989.
Project 88 - Harnessing Market Forces to Protect Our Environment: Initiatives for the
New President. A Public Policy Study sponsored by Senator Timothy E. Wirth, Colorado,
and Senator John Heinz, Pennsylvania. Washington, D.C.: December 1988. (editor)
"The Welfare Economics of Alternative Renewable Resource Strategies: Forested
Wetlands and Agricultural Production." Ph.D. thesis, Harvard University, Cambridge,
Massachusetts, May 1988. Published in 1990 by Garland Publishing, Inc.
"Forecasting the Size Distribution of Farms: A Methodological Analysis of the Dairy
Industry in New York State." M.S. thesis, Cornell University, Ithaca, New York, May
1979.

SELECTED PRESENTATIONS
Presentations at universities, research institutes, Federal and state government agencies,
Congressional committees, foreign governments, international organizations,
foundations, non-profit groups, corporations, and trade associations, including the
following (partial list): American Council on Capital Formation, American Economic
Association, American Enterprise Institute, American Paper Institute, American
Petroleum Institute, Analysis Group, Association for Public Policy Analysis and
Management, Brookings Institution, Canadian Cabinet, Carnegie-Mellon University, CF
Industries, Chevron Corporation, Coolidge Center for Environmental Leadership, Cornell
University, Democratic Leadership Council, Eisenhower Exchange Fellowships,
Environmental Law Institute, Environmental Defense Fund, Environmental and Energy
Study Institute, Executive Office of the President, Ford Foundation, Foundation for
American Communications, Georgia Conservancy, Harvard School of Public Health,
Harvard College, Harvard Committee on University Resources, Harvard Institute for
International Development, Harvard Law School, Harvard-Japan Energy and
Environment Workshop, Harvard-Repsol Conference, Heinz Family Endowments,
Intergovernmental Panel on Climate Change, International Public Economics Congress,
John F. Kennedy School of Government, Jones, Day, Reavis & Pogue, Lincoln Institute
of Land Policy, Massachusetts Institute of Technology, McKinsey & Company,
McKinsey Global Institute, Mexican Cabinet, Missouri Department of Natural Resources,
Morgan Stanley & Company, National Bureau of Economic Research, National
Recycling Congress, Northwestern University, Pew Charitable Trusts, Polish Ministry of
Environment, Political Economy Research Center, President's Council of Economic
Advisers, Princeton University, Progressive Policy Institute, Rand Corporation, Reason
Foundation, Resources for the Future, Rockefeller Foundation, Royal Institute for
International Affairs, Scripps Institution of Oceanography, Smithsonian Institution, St.
Lawrence University, Stanford University, U.S. House of Representatives, U.S.
Environmental Protection Agency, U.S. Department of Energy, U.S. Department of the
Interior, U.S. Department of State, U.S. Office of Management and Budget, U.S. Senate,

Robert Stavins, Ph.D.

U.S. Army Corps of Engineers, University of California (Berkeley, Los Angeles, and
Santa Barbara), University of Maryland, University of Michigan, University of Texas,
University of Toronto, Vermont Agency of Natural Resources, Vermont Law School, W.
Alton Jones Foundation, the White House, the World Bank, the World Economic Forum
(Davos), and Yale University.

PROFESSIONAL EXPERIENCE:
Albert Pratt Professor of Business and Government, John F. Kennedy School of
Government, Harvard University, 1998-present (Professor of Public Policy, 1997-98;
Associate Professor, 1992-1997; Assistant Professor, 1988 - 1992).
Chairman, Environment and Natural Resources Faculty Group, 1998 - present.
Director, Harvard Environmental Economics Program, 2000 - present.
Director of Graduate Studies for Doctoral Program in Public Policy and Doctoral
Program in Political Economy and Government, Chairman of the Kennedy School Ph.D.
Committee, and Chairman of the Graduate School of Arts and Sciences (GSAS) Standing
Committee on Higher Degrees in Public Policy, 2006 - present.
Co-Chair, Harvard Business School-Kennedy School Joint Degree Programs, 2007 present.
University Fellow, Resources for the Future, Washington, D.C., 1989 - present.
Research Associate, National Bureau of Economic Research, 2007 - present.
Editor, Review of Environmental Economics and Policy (Oxford University Press), 2006
- present.
Chair, Environmental Economics Advisory Committee, Science Advisory Board, U.S.
Environmental Protection Agency, 1997-2002 (Member, 1992 - 2003).
Member, Board of Directors, Resources for the Future, Washington, D.C., 2003 - present.
Member, Executive Board, Science Advisory Board, U.S. Environmental Protection
Agency, 1997-2002; 2004-2007.
Chairman, Executive Office of Environmental Affairs Scientific Advisory Board,
Commonwealth of Massachusetts, 2005 - 2007.
Editor, Journal of Wine Economics, and Vice President, American Association of Wine
Economists, 2006 - present.

Robert Stavins, Ph.D.

Faculty Chair, Environment and Natural Resources Program, John F. Kennedy School of
Government, Harvard University, 1997-2002.
Member, Board of Directors, Association of Environmental and Resource Economists,
January 1996 - December 1998.
Member, Executive Committee, Harvard University Center for the Environment
(formerly Harvard University Committee on the Environment), 1999-2004; Member,
University Working Group on Environment, Harvard University, 1990 - 1992.
Member, Board of Directors, Robert and Renée Belfer Center for Science and
International Affairs, John F. Kennedy School of Government, Harvard University, 1997present.
Member, the Board of Academic Advisors, AEI-Brookings Joint Center for Regulatory
Studies, August 1998-present.
Member, Editorial Board, B.E. Journals of Economic Analysis & Policy, 2001-present.
Member, Editorial Board, Land Economics, 2001 - 2006.
Member, Board of Editors, Resource and Energy Economics, 1998 - 2005.
Member, Editorial Council, The Journal of Environmental Economics and Management,
1996 - 2004.
Contributing Editor, Environment, 1997 - 2007.
Member, Advisory Board, Environmental Economics Abstracts, 1996 - present.
Member, Editorial Board, Economic Issues, 1996 - present.
Member, Advisory Board, Environmental Law and Policy Abstracts, 1996 - present.
Member, Subcommittee on Energy, Clean Air, and Climate Change, Clean Air Act
Advisory Committee, U.S. Environmental Protection Agency, 1997 - present.
Lead Author, Working Group III, Intergovernmental Panel on Climate Change (IPCC),
United Nations Environment Program and World Meteorological Organization, 1993 present.
Member, Reducing Risk Project Steering Committee, Science Advisory Board, U.S.
Environmental Protection Agency, 1996 - present.
Member, External Review Panel, Department of Agricultural and Resource Economics,
University of California, Berkeley, October 1995.

Robert Stavins, Ph.D.

Member, Workshop Committee, Association of Environmental and Resource Economists
(AERE) 1996-1999 (chair in third year of appointment).
Member, Eco-Efficiency Task Force, President's Council on Sustainable Development,
1994 - 1995.
Member, Energy Modeling Forum Working Group on Energy Conservation (EMF 13),
Stanford University, 1992 - 1994.
Member, Advisory Panel on Emissions Trading, Sierra Club, Washington, D.C., 1994 1995.
Affiliated Faculty Member, Harvard Center for Risk Analysis, Harvard School of Public
Health, Boston, Massachusetts, 1991 - present.
Academic Advisor for Environmental Journalism Program, Foundation for American
Communications, 1992 - 1998 (Lecturer, 1989 - present).
Director, Project 88 and Project 88/Round II, co-sponsored by U.S. Senators Timothy
Wirth (D-Colorado) and John Heinz (R-Pennsylvania), 1988 - 1992.
Principal, Harvard-Japan Project on Energy and the Environment, 1992 - 1995.
Member, Governor's Task Force on Energy and Environmental Policy, Massachusetts,
1992 - 1994.
Consultant to foundations, private industry, non-governmental organizations, state &
local governments, Federal government departments and agencies, and international
bodies on environmental economics.
Referee, The American Economic Review, The Quarterly Journal of Economics, The
Economic Journal, The RAND Journal of Economics, The Review of Economics and
Statistics, The Journal of Environmental Economics and Management, Land Economics,
The Energy Journal,Energy and Resource Economics, Energy Policy, The Journal of
Policy Analysis and Management, Economic Inquiry, Science, Policy Studies Journal,
The Journal of the Air and Waste Management Association, and Harvard University
Press.
Member, Risk Reduction Committee, Science Advisory Board, U.S. Environmental
Protection Agency, Washington, D.C., 1989 - 1990.
Member, Working Group on Human Interactions with Global Change, National Research
Council, Washington, D.C., 1989 - 1990.
Staff Economist, Environmental Defense Fund, Berkeley, California, 1982 - 1983.

Robert Stavins, Ph.D.

Consultant, Public Interest Economics Foundation, Inc., Berkeley, California, September
1980 - June 1982.
Economist, Giannini Foundation of Agricultural Economics, University of California,
Berkeley, 1979 - 1981.
Research Specialist, Department of Agricultural Economics, Cornell University, 1977 1979.
Agricultural Representative, Peace Corps Recruitment, Champaign, Illinois, September
1975 - August 1976.
Peace Corps Volunteer, Ministry of Agriculture and Natural Resources, Sierra Leone,
West Africa, 1969 - 1973.

AWARDS, HONORS, AND GRANTS:
Principal Investigator, grant from the Doris Duke Charitable Foundation, "The Harvard
Project on International Climate Agreements," July 2007 - June 2009 ($750,000)
Principal Investigator, grant from the U.S. Environmental Protection Agency,
"Regulating Pollution Through Information Disclosure: Facility Response to the Toxics
Release Inventory," July 2002 - June 2005 ($395,459)
Principal Investigator, grant from the National Science Foundation, "Climate Change
Response Strategies for Water Resources: Price and Non-Price Demand Management,"
March 2001 - February 2003 ($238,000)
Principal Investigator, grant from AVINA Foundation, "Land Use and Climate Change,"
September 2000 - January 2003 ($125,000)
Principal Investigator, grant from the U.S. Department of Energy, "The Effects of
Government Policies on the Invention, Innovation, and Diffusion of Energy-Efficient
Technologies," October 1, 1998 - December 14, 2001 ($519,000)
Principal Investigator, grant from the U.S. Department of Energy, "Land-Use Change and
Carbon Sinks: Econometric Estimation of the Carbon Sequestration Supply Function,"
December 15, 1998 - December 14, 2001 ($200,000)
Principal Investigator, grant from the U.S. Department of Energy, "Energy-Efficiency
Innovation and the Economic and Regulatory Environment," September 1995 November 1998 ($461,000)

Robert Stavins, Ph.D.

Principal Investigator, grant from the U.S. Environmental Protection Agency,
"Estimating a CO2 Sequestration Supply Function," June 1993 - August 1994
($130,000).
Principal Investigator, grant from the W. Alton Jones Foundation, "Environmental Policy
Reform in the First 100 Days of the New Administration," February 1993 - May 1993
($40,000).
Principal Investigator, grant from the Office of Research and Development, U.S.
Environmental Protection Agency, "Evaluating the Relative Effectiveness of Economic
Incentives and Direct Regulation for Environmental Protection: Impacts on the Diffusion
of Technology," September 1991 - August 1993 ($186,000).
Principal Investigator, grant from the W. Alton Jones Foundation, "Project 88 -- Round
II, Incentives for Action: Implementing Market-Based Environmental Policies,"
November 1990 - August 1992 ($75,000).
Principal Investigator, grant from the Pew Charitable Trusts, "Project 88 -- Round II,
Incentives for Action: Implementing Market-Based Environmental Policies," January
1991 - August 1992 ($75,000).
Principal Investigator, grant from the Surdna Foundation, "Project 88 -- Round II,
Incentives for Action: Implementing Market-Based Environmental Policies," March 1991
- August 1992 ($50,000).
Principal Investigator, grant from the U.S. Environmental Protection Agency, "Project 88
-- Round II, Incentives for Action: Implementing Market-Based Environmental Policies,"
March 1991 -August 1992 ($50,000).
Principal Investigator, grant from Carnegie Corporation of New York, "Economic
Incentives for Environmental Protection: A Public Policy Sequel to Project 88," June
1990 - September 1991 ($97,600).
Principal Investigator, grant from Resources for the Future, "Wetland Losses and
Willingness-to-Pay for Fishing Opportunities," 1990-1991 ($20,905).
Project Director, grant from the Richard King Mellon Foundation, Pittsburgh,
Pennsylvania, "Harvard-Project 88 Conference," 1989 ($35,000).
Project Director, grants from the Carnegie Corporation of New York, the Richard King
Mellon Foundation, the Rockefeller Family and Associates, and the Keystone
Center/Madison Associates, "Project 88 - Harnessing Market Forces to Protect the
Environment: Initiatives for the New President," 1988-89 ($50,000).

Robert Stavins, Ph.D.

Principal Investigator, grant from the Fish and Wildlife Service, U.S. Department of the
Interior, Washington, D.C., "Welfare Analysis of Alternative Uses of Forested
Wetlands," 1987-88 ($10,000).
Research Grant from the National Center for Food and Agricultural Policy, Resources for
the Future, Washington, D.C., 1986-87 ($15,000).
Mentorship Grant in Humanities and Social Sciences, Harvard University, Cambridge,
Massachusetts, Fall 1986. With H. S. Houthakker ($10,000).
Dissertation Research Grant from the National Center for Food and Agricultural Policy,
Resources for the Future, Washington, D.C., 1985-86 ($15,000).
Principal Investigator, grant from U.S. Department of the Interior, Washington, D.C.,
"Impact of Federal Programs on Wetlands," 1985-86 ($100,000).
Outstanding Master's Thesis - 1979. National competition of the American Agricultural
Economics Association, Champaign, Illinois, July 18, 1980.

Janet L. Peace, Ph.D./Liwayway G. Adkins, Ph.D.

2101 Wilson Blvd., Suite 550
Arlington, Virginia 22201
Ph (703) 516-4146
Fax (703) 841-1422

October 31, 2008
Gerald W. Bowes, Ph.D.
Manager, Toxicology and Peer Review Section
Division of Water Quality
1001 I Street
Sacramento, CA 95814
Subject: Review of Economic Modeling Analysis

Dear Dr. Bowes:
Thank you for the opportunity to review and comment on the Economic Analysis Supplement
to the Climate Change Draft Scoping Plan. We appreciate the work that the California Air
and Resource Board has put into assembling the Preliminary Recommendations for reducing
California’s GHG emissions and the innovative tools that they have used to assess the
economic implications. The Pew Center believes that economic modeling is an important tool
which should be used to assess policy options because it provides a logical and consistent
framework for considering the implications of different policy design elements. Multiple
types of models, including CGE, electricity dispatch, and energy combined as ARB has done,
typically provide the most robust type of evaluation and policy insights. Unfortunately, the
Economic Analysis Supplement, in its current form, gives the appearance of justifying the
chosen package of regulatory measures rather than evaluating it or looking at policy options.
A thorough review of the economic modeling, however, was not possible with the documents
provided (including appendixes I-V). Detailed model documentation for E-DRAM, BEAR,
ENERGY 2020 and the E3 GHG model were not included in the packet nor were detailed
modeling results, including sensitivity runs, provided. In addition, while the summary of EDRAM and BEAR conclusions, the basic energy price forecast (Table I-1) and the estimates
of the net cost savings from the Recommended GHG reduction measures (Table I-2) were
useful, they were not sufficient. Because the results from economic modeling are highly
dependant on the assumptions, definitions, and structure of the models, as well as the data that
are used as inputs, a thorough review requires more extensive model documentation and more
access to the modeling results. Further, an assessment of key model drivers requires at least
some access to sensitivity analyses – which again were not included. As a result, the attached
review is based only on the information provided and a general knowledge of the types of
economic models that have been used to assess the Preliminary Recommendations.
Our review follows as an attachment to this letter and is organized according to the
information requested on the following issues:
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1) An assessment of the theoretical basis of the models;
2) An assessment of the appropriateness of the models to support the evaluation of the
policy scenarios to reduce emissions of GHGs;
3) An assessment of the key data sets (e.g., energy consumption forecasts) upon which
one or more of the models rely;
4) An examination of the assumptions for their validity and practicality;
5) An assessment of the key variables to which the model is most sensitive and a
qualitative assessment of how alternative assumptions could impact the results; and
6) Commentary on the reasonableness of the model results as well as their interpretation
as presented in the analysis including commentary on how subsequent modeling
efforts can be improved.
Again, thank you for the opportunity to review and comment. We appreciate your efforts on
this important topic.
Best regards,
Janet Peace, Ph.D.
Vice President for Markets and Business Strategy
Pew Center on Global Climate Change
and
Liwayway Adkins, Ph.D.
Senior Economist
Pew Center on Global Climate Change
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Pew Center Evaluation of Economic Analysis Supplement
October 31, 2008
1. Assessment of the theoretical basis of the models
E-DRAM and BEAR
E-DRAM and BEAR are CGE models, which are well suited for capturing linkages between
markets across the entire economy and are in general appropriate for assessing economy-wide
impacts of GHG reduction strategies, including impacts on individual sectors and household
groups. CGE models have also been used extensively to model environmental and climate
policies at state, federal, and global levels. While CGE models have their strengths, they are
very dependent on the quality of external data inputs from appropriate sector models.
The current analysis employs both CGE models, which can be helpful in comparing and
contrasting results for different simulations and for discerning which design features of
particular policies can have the greatest impact on results. (Many U.S. EPA analyses, such as
those for recent climate legislation, present results from two CGE models.) E-DRAM has
somewhat more sectoral disaggregation, but overall BEAR appears to be the more appropriate
model of the two for the questions being addressed. BEAR is a dynamic-recursive model and
while not fully forward-looking, the dynamics are still a major strength over the static EDRAM model. This is especially true for the analysis of GHG reduction strategies that will
be implemented over a long time horizon and will affect the accumulation of capital.
Energy 2020 model
Energy 2020 is a proprietary model and no documentation was provided. As it was not
employed in the current economic analysis of the Draft Scoping Plan, no assessment is made
here. In principle, it appears able to provide richer detail on energy markets and how they
would be impacted by the regulatory measures under consideration that are not captured in the
CGE models. Its use would potentially have improved the analysis.
E3 Electricity GHG model
The E3 model appears not to have been employed in the current analysis of the Draft Scoping
Plan, so no assessment is made here.
Other modeling tools
Like other top-down models, CGE models are not rich in sectoral detail, particularly in the
energy sector which is a key sector for the analysis of policies to reduce GHG emissions.
They can be complemented with appropriate sector models that can offer a more detailed
specification of energy markets and emission reduction possibilities at the facility level.
Limited documentation was provided in the Economic Analysis Supplement on the proposed
use of sector models such as Energy 2020 and E3 and how they might feed in and interact
with the CGE models, but it seems likely that their use would improve the analysis.
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2. Appropriateness of the models to evaluate the policy scenarios to reduce the
emissions of GHGs
a) Are they the correct models given the objective?
CGE models are appropriate for part of the economic analysis being conducted. This is
especially true of models like BEAR that can examine the dynamic adjustment path of the
program. However, for this type of analysis, CGE models cannot be used alone and are
dependent on the inputs from other models, such as more detailed models of the energy
sector. Were the other two models to be incorporated in the future, we feel that the analyses
would be improved.
b) Were the models used correctly?
The relevant question is not whether the models were used correctly per se, as their theoretical
basis is conventional for this class of models and appears to be sound. The results from
economy-wide CGE models are highly dependent on the inputs from external sources that
feed into them. Questions remain about the quality of the inputs being fed into the models,
particularly the direct cost estimates of the regulatory measures (about which some summary
information is provided in Appendix I). Concerns about the estimation of the net costs of
these measures have been raised elsewhere (e.g., Stavins et al. 2007). Specifically, it has been
noted that there are compelling reasons why these bottom-up net cost estimates may have
underestimated costs, overestimated savings, and overstated emission reduction potentials.
From the discussion provided in the Economic Analysis Supplement, it is not clear that the
current economic analysis has addressed these shortcomings at all.
Also, results from CGE models will depend upon the specific scenarios that were examined.
These models can be used to perform environmental- and cost-effectiveness analyses of
alternative policy proposals. This did not appear to be the objective of the current economic
analysis as presented, but would have constituted a more appropriate use of the available
models.
c) Any limitations clearly identified?
Some valid limitations of the available models are provided in section 1.2.1 of the Economic
Analysis Supplement. For instance, because CGE models usually use a highly aggregated
sector specification, they are not capable of capturing abatement cost heterogeneity across
individual sources within the same sector and will thus underestimate the cost savings that a
cap-and-trade program can deliver (underscoring the need for interaction with appropriate
sector models to complement the analysis, such as those that model the electric power sector
in detail).
Other stated limitations require some qualification. For instance, one stated limitation of the
CGE models concerns the assumption that all resources are efficiently allocated. Although
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assorted market failures in energy efficiency are widely recognized, the current analysis
assumes that inefficiencies of this sort are rife throughout the economy and this assumption
undergirds the entire analysis. As such it is a major driver of results. Despite this, little if any
justification for the existence of these inefficiencies is provided. Nor is a complete
assessment made of how effective or costly the proposed regulatory measures (from Table I2) may be at correcting them, since the focus is on the measures themselves and not the actual
policies that would bring them about. Another limitation identified is that CGE models are
not able to fully capture how individual consumers can and will take steps to pursue lower
costs options. However, the vast majority of the emission reduction reductions under the
Draft Scoping Plan result from implementation of regulatory measures which on their own
may not create incentives for the kinds of behavioral changes suggested. For example, fuel
efficiency standards lower emissions per mile driven, but they also reduce the cost per mile
driven (since vehicles are more fuel efficient). Consequently, consumers have the incentive to
drive more not less.

3. Key data sets
a) Information on emissions, electricity generation, and economic growth under
business-as-usual
Projected BAU emissions and economic growth under business-as-usual in 2020 are provided
in Table 1 (p. 11), however, no documentation of how these projections were made is
provided. Sensitivity of results to alternative projections would also have been useful.
b) Should other data sets be considered?
At the very least, recent economic events and the downturn in the U.S. economy may reduce
longer-term economic growth and emission forecasts and consequently, the cost of achieving
reduction goals will be lower.
Technology assumptions should also be clearly identified and compared with the assumptions
of other modeling work.
c) Are any limitations with the data sets used clearly identified?
Limitations on the data sets are generally discussed. However, the limitations that surround
the assumptions of emissions and net costs associated with the regulatory measures deserve
more focus. As pointed out in Stavins et al. (2007), projected gasoline prices will influence
baseline behavior regarding the voluntary purchase of fuel-efficient vehicles and miles driven,
impacting gasoline consumption and thus the cost savings from vehicle fuel efficiency
standards. The projected price of gasoline for 2020 in the economic analysis is $3.685 per
gallon, which is considerably higher than past price projections used in previous CARB
analyses of the same vehicle fuel efficiency standards. However, it is not clear whether the
current analysis has accounted for the behavioral impacts of this now considerably higher
price, in terms of the resulting drop in gasoline consumption that would likely ensue under the
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baseline which would reduce the estimated cost savings from proposed vehicle fuel efficiency
standards. There was no discussion of this issue in the economic analysis. Nor was there any
discussion of how the energy and fuel price projections provided in Appendix I were
determined. It is unclear whether new federal CAFE standards (2007) are accounted for in
the baseline.

4. Examination of assumptions for validity and practicality
Are the assumptions appropriate clearly identified, and reasonably consistent with those
used by the scientific community for similar exercises?
Many of the underlying assumptions – concerning the underlying structure and specification
the models used, the external information on the cost and efficacy of reduction measures
being fed into them, and the mechanics of how this actually works within the models – are not
clearly identified within the Economic Analysis Supplement. For example, it is noted on p. I4 of the Economic Analysis Supplement that “additional details on the derivation of the costs
and savings estimates for each measure are provided in the Draft Scoping Plan Measures
Documentation Supplement.” This supplement was not readily available for review.
Additional examples where information was lacking include how emissions leakage was
handled and how regions outside of California were treated.
In terms of whether the assumptions included are “appropriate and reasonably consistent”, we
found that many are not reasonably consistent with those used by the scientific community for
similar exercises. For instance, it is claimed in multiple places in the Economic Analysis
Supplement, such as p. 7, that “The limitations of the available modeling tools noted above
prevent a comparison between market-based approaches and alternative strategies, such as
one that relies only on direct regulation… to our knowledge, no previous work has such a
comparison in any rigorous way that incorporates the costs and savings specific reduction
measures.” However, Pizer et al. 2006, using a CGE model of the U.S. economy in
conjunction with sector models, find that the use of non-market policies such as fuel economy
standards and a renewable fuels requirement can raise costs by a factor of ten as compared to
a market-based approach. The current analysis is fundamentally incomplete because it did not
provide results for a state economy-wide cap-and-trade (or other market-based) approach to
meeting the 2020 GHG emissions target as one of the policy scenarios under consideration.
One of the best uses of models such as those used here is the examination of comparative
policy designs, and the current analysis does not do this. As such it gives the appearance of
justifying the chosen options rather than evaluating them.
As a general template for the analyses of climate and environmental policies, U.S. EPA
regulatory impact analyses or EIA’s policy analyses, such as those carried out for the
Lieberman-Warner Climate Security Act of 2008, the Clean Air Interstate Rule (CAIR), and
the retrospective and prospective analyses of the Clean Air Act, would provide useful
guidance. In these analyses sensitivity results are provided, model results are compared, and
technology assumptions are identified and discussed.

Janet L. Peace, Ph.D./Liwayway G. Adkins, Ph.D.

5. Assessment of the key variables to which the model is most sensitive and a qualitative
assessment of how alternative assumptions could impact the results
a) Variables that have greatest impact on the results
Variables with the greatest impact on the results would logically include projected energy and
fuel prices because they can have significant impacts on the baseline and estimated energy
cost savings of the regulatory measures. The carbon price is also a key variable. (Ideally,
these models would determine the carbon price endogenously as part of a cap-and-trade
simulation, but this was not the chosen modeling approach.).
b) Degree to which the uncertainties of the variables have been acknowledged or
evaluated
Sensitivity analysis is critical to assessing the uncertainties in the model but these are not
provided in the Economic Analysis Supplement. This is a standard exercise for simulation
models in order to gauge the sensitivity of model results to key parameters (like production
and demand elasticities used to calibrate the CGE models) and inputs such as those mentioned
in part “a” above. For example, in a recent study by Deutsche Bank (2008) that examined the
Draft Scoping Plan, carbon credits in California are expected to be in the $15-$60 per ton
range between 2012 and 2020. These estimates are considerably higher than the $10 per ton
price used in the current analysis.
In addition, the current analysis is taking place in a policy vacuum. It can be expected that
federal and world climate policy will evolve during the period of analysis and this can be
expected to have significant implications for California’s state program. At the very least a
qualitative discussion of this issue should have been included.
6. Reasonableness of the models’ results as well as their interpretation as presented in
the analysis and how subsequent modeling efforts can be improved
a) Are the results and associated interpretation supportable?
The overall result that the combination of regulatory measures in the Draft Scoping Plan, in
combination with a limited cap-and-trade program, can achieve the 2020 emissions target for
California at no net cost to the state economy is highly counter-intuitive. The current analysis
also suggests that the larger the scope of the cap-and-trade program, the smaller will be the
economic benefits – in effect suggesting that command-and-control measures are more costeffective than market-based approaches. These results and others in the current analysis
contradict a wide body of economic modeling that has repeatedly confirmed several key
results. These results are: (1) no matter what form a climate policy takes (i.e. non-market
regulatory measures or a market-based approach), policy-induced GHG emissions reductions
will reduce aggregate measures of economic activity and welfare (when environmental
benefits are not accounted for); (2) market-based mechanisms like cap-and-trade programs are
more cost-effective than command-and-control, regulatory standards-based approaches; and
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(3) policies to reduce GHG emissions are likely to have regressive impacts on low-income
households.
Because the overall results are highly counter-intuitive and contrary to a wide body of
theoretical and empirical work, the current analysis should have done more to explain and
justify these results. In particular, it appears that the results are being driven by the net cost
(in many cases, net savings) calculations of specific regulatory measures that are inputs to the
models, as well as the limited set of policy simulations conducted. Furthermore, the report in
many places claims that results are conservative but does not provide comparison for this
assertion. As such, the analysis gives the appearance of justifying the chosen package of
regulatory measures rather than evaluating it.
A major criticism of the current analysis is that it provides only a single-year snapshot of the
impacts of the Draft Scoping Plan on the California economy in 2020. This is by no means a
complete picture of the full impact of the Draft Scoping Plan, which will be implemented over
all of the interim years. The current analysis essentially models a positive productivity shock
in the models, in which less energy is now needed for the same productive capacity. Usually,
analyses of this sort assume the opposite, that environmental regulations draw productive
resources away from other sectors and create a drag on economic growth by reducing the
accumulation of capital and dampening productivity growth. It is reasonable to ask how
proposed measures such as those in the Draft Scoping Plan are going to affect the economy on
a yearly basis (or other appropriate interval) over time, since they can be costly in early years
and less so further into the future. These transitional adjustment costs can be important and
are neither examined explicitly nor discussed in a qualitative sense in the current analysis.
The BEAR model appears capable of telling a dynamic story along these lines but such an
analysis is not presented.
b) Are there important scientific caveats not reflected?
See question “a”.
c) What might add to the robustness of the economic modeling analysis?
More thorough documentation on the models, external data inputs, and specifics of the
simulation conducted is necessary.
In addition, a more varied set of policy simulations should be run for the same emission
reduction target, comparing a standards-based approach (using the suite of proposed
regulatory measures in the Draft Scoping Plan), an economy-wide cap-and-trade approach
(with an endogenous allowance price and assorted design options like offsets, banking, and
borrowing as variants), and hybrid scenarios of the two. For each simulation, results for key
variables should be provided in a side-by-side comparison of the two models.
The potential exists for important interactions among the proposed regulatory measures in the
Draft Scoping Plan (and with current and possible future federal regulations) and these should
be accounted for as they will have both environmental and cost implications. Both the E-
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DRAM and BEAR models use as inputs external estimates of the net costs (or savings) of
proposed reduction measures that are computed separately, as if those measures were being
implemented individually rather as a package. As a result, the analysis conducted by these
models will fail to account for important interactions among those measures in estimating
their aggregate cost and emission reduction potential.
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