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California Environmental Protection Agency 
AIR RESOURCES BOARD 

 
Final Statement of Reasons for Rulemaking, 

Including Summary of Comments and Agency Responses 
 

ADOPTION OF REGULATIONS TO CONTROL GREENHOUSE GAS EMISSIONS 
FROM MOTOR VEHICLES 

 
Public Hearing Date:  September 23-24, 2004 

Agenda Item Number:  04-8-2 
 
 
I. GENERAL 
 
In this rulemaking, the Air Resources Board (ARB or Board) is adopting regulations to 
control greenhouse gas emissions from motor vehicles.  The Board is taking this action 
pursuant to Chapter 200, Statutes of 2002 (AB 1493, Pavley) which directed the Board to 
adopt regulations that achieve the maximum feasible and cost effective reduction in 
greenhouse gas emissions from motor vehicles.  The regulations, which will take effect in 
2006 following an opportunity for legislative review, apply to new passenger vehicles and 
light duty trucks beginning with the 2009 model year.   
 
The rulemaking was formally initiated by the August 6, 2004 publication of a Notice of a 
September 23, 2004 public hearing to consider adoption of regulations to control 
greenhouse gas emissions from motor vehicles.  A Staff Report: Initial Statement of 
Reasons (ISOR) was also made available for public review and comment starting 
August 6, 2004.  The ISOR, which is incorporated by reference herein, contained an 
extensive description of the rationale for the proposed regulations.  The text of the 
proposed regulations � adoption of section 1961.1, title 13, California Code of Regulations 
(CCR), and amendment of sections 1900, 1961 � was i ncluded as Appendix A to the 
ISOR.  These documents were also posted on August 6, 2004 on the ARB�s Internet site 
for this rulemaking at http://www.arb.ca.gov/regact/grnhsgas/grnhsgas.htm, as was the 
text of the proposed amendments to the �California Exhaust Emission Standards and Test 
Procedures for 2001 and Subsequent Model Passenger Cars, Light-Duty Trucks and 
Medium-Duty Vehicles,� which is incorporated by reference in section 1961(d). 
 
On September 23 and 24, 2004, the Board conducted the public hearing.  The Board 
received written and oral comments at the hearing.  At the conclusion of the hearing the 
Board adopted Resolution 04-28, which initiated steps towards final adoption of the 
originally proposed amendments with modifications in several areas.  One modification 
incorporated a suggested modification staff had presented at the hearing (�Staff�s 
Proposed Modifications to the Proposed Regulation Order, presented at the Board�s 
September 23-24 hearing,�) shown in Attachment C to the Resolution.  Other modifications 
were initiated by the Board itself (�Additional Modifications Directed by the Board at its 
September 23-24, 2004 Hearing�) also shown in Attachment C to the Resolution.  The 
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Resolution directed the ARB’s Executive Officer to incorporate the approved modifications 
into the proposed regulatory text, with such other conforming modifications as may be 
appropriate, and to make the modified text available for a supplemental comment period of 
at least 15 days. 
 
In preparing the modified regulatory language, the staff made various additional revisions 
in an effort to best reflect the intent of the Board at the hearing.  The staff also identified 
several additional modifications that are appropriate in order to make the amended 
regulation work as effectively as possible.  These supplemental modifications were 
incorporated into the text of the proposed amendments, along with the modifications 
specifically identified in the Resolution. 
 
The text of the proposed modifications to the amendments was made available for a 
supplemental 15-day comment period ending November 5, 2004 by issuance of a Notice 
of Public Availability of Modified Text (the first 15-day notice).  This notice and its two 
attachments were posted on October 19, 2004 on the ARB�s Internet site for the 
rulemaking.  They were also mailed by October 20, 2004 to all parties identified in section 
44(a), title 1, CCR, along with various other interested parties.1 
 
Attachment I to the first 15-day notice contained the Board-approved modifications to the 
originally proposed regulatory text for section 1961.1, title 13 of the California Code of 
Regulations and to the �California Exhaust Emission Standards and Test Procedures for 
2001 and subsequent Model Passenger Cars, Light-Duty Trucks and Medium-duty 
Vehicles,� along with commentaries identifying and explaining all of the substantive 
modifications.  Attachment II listed for comment additional documents that the ARB was 
adding to the rulemaking record in accordance with Government Code section 11347.1.  
The first 15-day notice indicated that Resolution 04-28 and its attachments are available 
on the rulemaking�s Internet site.  Twenty-two written comments were received during the 
supplemental comment period ending November 5, 2004. 
 
In Resolution 04-28 the Board also found that it was appropriate to reexamine the 
estimated number of lifetime vehicle miles traveled, used by staff in their analyses, to 
ascertain whether this number should be revised in response to testimony presented at 
the hearing.  The first 15 day notice indicated that staff had revisited this issue and 
determined that there was no need to revise the lifetime VMT used in the analysis, and 
that additional explanation was available online at the ARB�s Internet site for this 
rulemaking. 
 
Additional supporting documents and information were made available for a second 
supplemental 15-day comment period ending May 26, 2005 by issuance of a Second 
Notice of Public Availability of Supporting Documents and Information (the second 15-day 
notice).  This notice and its attachment were posted on May 11, 2005 on the ARB�s 

                                            
1  Persons who had commented by email were transmitted by email links to the first 15-day notice and its attachments 
on the Internet for the rulemaking; they were not separately sent the notice by postal mail. 



 3 

Internet site for the rulemaking.  They were also mailed by May 11, 2005 to all parties 
identified in section 44(a), title 1, CCR, along with various other interested parties.2 
 
Attachment I to the second 15-day notice listed for comment additional documents that the 
ARB was adding to the rulemaking record in accordance with Government Code 
section 11347.1.  The additional supporting documents and information included additional 
staff analysis and calculation regarding EMFAC mileage accrual for pre-2008 vehicles and 
the calculation of consumer monthly savings, 122 additional references, and 77 emails 
and other correspondence.  The second 15-day notice did not propose any modifications 
to the regulatory text.  Four written comments were received during the supplemental 
comment period ending May 26, 2005. 
 
After considering all of the comments received, the Executive Officer issued Executive 
Order G-05-061, adopting the amendments to title 13, CCR, and the incorporated Exhaust 
Emission Standards and Test Procedures reflecting the modifications that had been made 
available for supplemental comment. 
 
Incorporated Documents 
 
The Exhaust Emission Standards and Test Procedures are incorporated by reference in 
section 1961(d) and section 1961.1, title 13, CCR.  The Exhaust Emission Standards and 
Test Procedures in turn incorporate certification test procedures adopted by the U.S. 
Environmental Protection Agency (U.S. EPA) and contained in title 40, Code of Federal 
Regulations (CFR) Part 86. 
 
Section 1961(d), title 13, CCR identifies the incorporated Exhaust Emission Standards and 
Test Procedures by title and date.  The ARB document is readily available from the ARB 
upon request and was made available in the context of this rulemaking in the manner 
specified in Government Code section 11346.5(b).  The CFR is published by the Office of 
the Federal Registrar, National Archives and Records Administration, and is therefore 
reasonably available to the affected public from a commonly known source. 
 
The Exhaust Emission Standards and Test Procedures are incorporated by reference 
because it would be impractical to print them in the CCR.  Existing ARB administrative 
practice has been to have the motor vehicle emissions test procedures incorporated by 
reference rather than printed in the CCR as these procedures are highly technical and 
complex.  They include the �nuts and bolts� enginee ring protocols required for certification 
of motor vehicles and have a very limited audience.  Because the ARB has never printed 
complete test procedures in the CCR, the affected public is accustomed to the 
incorporation format.  The ARB�s test procedures as a whole are extensive and it would be 
both cumbersome and expensive to print these lengthy, technically complex procedures 
with a limited audience in the CCR.  Printing portions of the ARB�s test procedures that are 
incorporated by reference would be unnecessarily confusing to the affected public.   
 

                                            
2  Persons who had commented by email were transmitted by email links to the second 15-day notice and its 
attachments on the Internet for the rulemaking; they were not separately sent the notice by postal mail. 
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The Exhaust Emission Standards and Test Procedures incorporate portions of the CFR 
because some of the ARB requirements are substantially based on the federal emission 
regulations.  Manufacturers typically certify vehicles and engines to a version of the federal 
emission standards and test procedures that have been modified by state requirements.  
Incorporation of the federal regulations by reference makes it easier for manufacturers to 
know when the two sets of requirements are identical and when they differ.  Each of the 
incorporated CFR provisions is identified by date in the ARB test procedure documents. 

 
Fiscal Impacts 
  
The determinations of the Board’s Executive Officer concerning the costs or savings 
necessarily incurred by public agencies and private persons and businesses in reasonable 
compliance with the proposed regulations are presented below. 
 
Pursuant to Government Code sections 11346.5(a)(5) and 11346.5(a)(6), the Executive 
Officer has determined that the proposed regulatory action will create costs or savings to 
any state agency or in federal funding to the state, costs or mandate to any local agency 
or school district whether or not reimbursable by the state pursuant to part 7 (commencing 
with section 17500), division 4, title 2 of the Government Code, or other nondiscretionary 
savings to state or local agencies.  
 
In general, the steps that manufacturers will need to take to comply with the regulatory 
standards are expected to lead to price increases for new light duty passenger vehicles. 
Many of the technological options that manufacturers will choose to comply with the 
regulation are also expected to reduce operating costs. The staff analysis concludes that 
over the lifecycle of the vehicle the reduction in operating costs will more than offset the 
increased initial cost, resulting in a net savings to vehicle owners. 
 
There are about 420,000 State and local agency-owned vehicles in California. A typical 
agency-owned vehicle is driven an average of 12,500 miles each year.  This usage rate is 
very similar to that of private consumers. The staff analysis indicates that for individual 
consumers, the increased initial cost is more than offset by operating cost savings over the 
life of the vehicle. Staff expects that the same would hold true for public agencies. Thus 
beginning in the 2009 model year state and local agencies would need to budget for 
increased initial vehicle costs, but savings from the lowered operating costs of the 
proposed regulation would outweigh the higher price over the lifecycle of the vehicles.  
 
Vehicles built to comply with the regulation are likely to be more efficient, which, as a 
consequence, means that new vehicles sold in 2009 and beyond will use less fuel. This 
will result in the future in reduced state and local government revenue from the excise tax 
and sales tax on motor vehicle fuel. This reduction will be partially offset by increased 
sales tax due to the increased cost of new vehicles.  
 
In developing this regulatory proposal, the ARB staff evaluated the potential economic 
impacts on representative private persons or businesses. The regulation directly affects 
automakers worldwide that manufacture California-certified light duty vehicles. Staff 
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estimates that for large manufacturers the regulation would result in average compliance 
costs in model year 2009 of about $20 per vehicle for PC and LDT1 and about $40 per 
vehicle for LDT2. Compliance costs would increase over time as the standards are phased 
in, rising to about $1,060 per vehicle for PC and LDT1 and $1,030 per vehicle for LDT2 in 
2016.  Compliance costs for intermediate and small manufacturers would vary depending 
on their specific circumstances.  
 
The climate change regulation affects only light duty vehicles whose primary use is 
noncommercial personal transportation. Therefore, many vehicles that businesses use 
would not be covered under the proposed regulation. However, if the businesses purchase 
the same vehicles as consumers, they would be expected to pay higher prices for the 
vehicles but save on operating costs. As noted above, staff expects that reduced operating 
costs will more than outweigh the effect of the increase in price over the life cycle of the 
vehicle. 
 
Due to higher initial vehicle costs and reduced demand for fuel, the proposed regulation 
may adversely affect some sectors of the economy. It is very likely, however, that savings 
from reduced vehicle operating costs would end up as expenditures for other goods and 
services. These expenditures would flow through the economy, causing expansion or 
creation of new businesses in several sectors. Staff’s economic analysis shows that on 
balance the proposed regulation will have a positive impact on jobs and personal income 
in California. 
 
Consideration of Alternatives 
 
The regulations proposed in this rulemaking were the result of extensive discussions and 
meetings involving ARB staff and motor vehicle manufacturers, environmental groups, and 
others.  The ISOR, released and made available to the public on August 6, 2004, identified 
and rejected three potential alternatives to the staff proposal: (1) adopt less stringent or no 
new vehicle standards, (2) adopt more stringent new vehicle standards, and (3) adopt 
standards that only regulate mobile air conditioner refrigerant emissions.   
 
Staff rejected the first alternative because Chapter 200, Statutes of 2002 (AB 1493) 
requires the Board to adopt regulations that achieve the maximum feasible and cost 
effective reduction of greenhouse gas emissions from new motor vehicles.  The staff 
analysis has demonstrated that the reductions achieved under the staff proposal are both 
feasible and cost effective.  Therefore the alternative of no or less stringent standards was 
rejected because it would not achieve the maximum reductions and therefore would fail to 
meet the statutory requirement. 
 
Staff also considered proposing more stringent vehicle standards.  This could be 
accomplished by shortening the phase-in period, or by building into the standard some 
degree of early penetration of technologies that the staff technical analysis determined 
would not be available for widespread application in the near and/or mid term periods.  
Staff concluded that in either case, manufacturers would have a very difficult time 
incorporating the needed technologies across their fleet as rapidly as would be necessary.  
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Comments received from manufacturers and their consultants on the June 14, 2004 draft 
staff proposal, which used a three-year phase in schedule rather than the four-year phase 
in schedule recommended now, served to reinforce this point.  Staff therefore rejected this 
alternative on the grounds that more stringent standards would not be technically feasible. 
 
Finally, staff also considered proposing standards that only regulate mobile air conditioner 
refrigerant emissions.  While the staff analysis has shown that regulation of mobile air 
conditioner refrigerant emissions can achieve significant greenhouse gas reductions, staff 
rejected this approach for two reasons.  First, this would amount to a mandate to use 
specific technologies or equipment, rather than a performance standard.  In general staff 
favors performance standards, which provide manufacturers flexibility to meet any given 
remission reduction target in the most cost-effective manner.  Second, as noted above the 
staff analysis has identified a variety of other vehicle technology improvements that are 
feasible and cost effective, and would result in greater greenhouse gas emission 
reductions.  Therefore the alternative of mobile air conditioner refrigerant regulation also 
failed to meet the statutory requirement to achieve the maximum feasible and cost 
effective reductions. 
 
Staff has performed a thorough analysis of possible ways to reduce greenhouse gas 
emissions from motor vehicles, quantifying the emission reductions achieved and their 
cost.  No alternatives or combination of alternatives considered by the Board or otherwise 
identified and brought to the Board�s attention have been identified that would be equally 
effective in achieving the emission reductions projected under, and less burdensome to 
affected private persons than, the adopted regulation.  This Final Statement of Reasons 
provides supporting information for this conclusion. 
 
II. MODIFICATIONS TO THE ORIGINAL PROPOSAL 
 
A. AN OVERVIEW OF THE ORIGINAL PROPOSAL 
 
1. Background 
 
Over the 20th century, we have observed a rapid change in climate that is attributable to 
human activities.  The global mean temperature is warming at a rate that cannot be 
explained by natural causes alone.  Human activities are directly altering the chemical 
composition of the atmosphere through the buildup of greenhouse gases.  The past 
century has already seen changes in climate-related conditions in California such as 
average temperature (up 0.7°F), sea level (up 3 to 8 inches), spring run-off (decreased by 
12 percent), and the timing of snowmelt and spring bloom (advanced by 1 to 3 weeks).  
 
Projected future climate change may affect California in a variety of ways.  Public health 
can suffer due to greater temperature extremes and more frequent extreme weather 
events, increases in transmission of infectious disease, and increases in air pollution.  
California�s agriculture industry is especially vulnerable to altered temperature and rainfall 
patterns, and new pest problems.  Climate change can adversely affect California�s forest 
ecosystems and the Sierra snowpack that functions as the state’s largest reservoir.  Sea 
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level rise and storm surges could lead to flooding of low-lying property, loss of coastal 
wetlands, erosion of cliffs and beaches, saltwater contamination of drinking water, and 
damage to roads, causeways, and bridges. 
 
In response to these threats, in 2002 the Legislature adopted and the Governor approved 
Chapter 200, Statutes of 2002 (AB 1493, Pavley), which directed the Air Resources Board 
to adopt the maximum feasible and cost-effective reduction of greenhouse gas emissions 
from motor vehicles.   
 
In setting greenhouse gas emission standards, the staff performed a detailed evaluation of 
the technologies and fuels available to reduce vehicular greenhouse gas emissions, the 
reductions that could be achieved, and their cost.  The evaluation of vehicle technology 
that formed the basis of the staff assessment was derived primarily from a comprehensive 
vehicle simulation modeling effort and a thorough cost analysis performed for the 
Northeast States Center for a Clean Air Future (NESCCAF) by consultants frequently used 
by the auto industry.  ARB staff believes the NESCCAF study is the most advanced and 
accurate evaluation of vehicle greenhouse gas emission reduction technologies that has 
been conducted to date. 
 
The staff technology assessment reviewed baseline vehicle attributes and their 
contribution to atmospheric climate change emissions, and evaluated technologies that 
have the potential to decrease these emissions.  The technologies explored are currently 
used on some vehicle models, or have been demonstrated by auto companies and/or 
vehicle component suppliers in at least prototype form.  Promising near-term technologies 
include cylinder deactivation, improved transmissions, variable valve timing and lift, 
turbocharging, gasoline direct injection, and more efficient, low-leak air conditioning. 
 
2. The Originally-Proposed Greenhouse Gas Regulations 
 
a. Climate Change Emission Reduction Standard 
 
Based on the technology evaluation, the regulation approved by the Board imposes 
climate change emission standards that are incorporated into the current Low-Emission 
Vehicle (LEV) program, along with the other light and medium-duty automotive emission 
standards.  This approach was taken to ensure that manufacturers can meet the 
standards while continuing to provide the full range of vehicles available today.  The 
standards phase in during the 2009 through 2016 model years, allowing changes to be 
made as part of the normal product improvement cycle.  When fully phased in, the near 
term (2009-2012) standards will result in about a 22 percent reduction in greenhouse gas 
emissions as compared to the 2002 fleet, and the mid-term (2013-2016) standards will 
result in about a 30 percent reduction.  
 
Vehicle climate change emissions comprise four main elements: (1) CO2, CH4 and N2O 
emissions resulting directly from operation of the vehicle, (2) CO2 emissions resulting from 
operating the air conditioning system (indirect AC emissions), (3) refrigerant emissions 
from the air conditioning system due to either leakage, losses during recharging, sudden 
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releases due to accidents, or release from scrappage of the vehicle at end of life (direct 
AC emissions, and (4) upstream emissions associated with the production of the fuel used 
by the vehicle.  The climate change emission standard incorporates all of these elements. 
 
The regulation establishes one standard for passenger cars and the lightest trucks (PC 
and LDT1), and a separate standard for heavier trucks (LDT2).  Staff proposed setting 
near-term standards, phased in from 2009 through 2012, and mid-term standards, phased 
in from 2013 through 2016.  The proposed standards, expressed in terms of CO2 
equivalent grams per mile, are shown in Table II-1 below:   
 

Table II-1.  CO2 Equivalent Emission Standards for Model Years 2009 through 2016 

 

PC/LDT1                                      
(Passenger cars and small 

trucks/SUVs)

LDT2                                                 
(Large trucks/SUVs)

2009 323 439
2010 301 420
2011 267 390
2012 233 361
2013 227 355
2014 222 350
2015 213 341
2016 205 332

Tier Year

CO2-equivalent emission standard (g/mi)

Near-term

Mid-term

 
 
To maintain simplicity, staff proposed to use the upstream emissions for vehicles that use 
conventional fuels as a �baseline� against which to  compare the relative merits of 
alternative fuel vehicles.  Therefore, the emissions standards as shown above do not 
directly reflect upstream emissions.  Rather, when certifying gasoline or diesel-fuel 
vehicles, manufacturers would report only the �direct� or, �on vehicle� emissions.  For 
alternative fuel vehicles, exhaust CO2 emissions values will be adjusted in order to 
compensate for the differences in upstream emissions.  This approach simplifies the 
regulatory treatment of gasoline vehicles, while at the same time allowing for appropriate 
treatment of alternative fuel vehicles.   
 
Small Volume, Independent Low Volume, and Intermediate Volume manufacturers would 
not be required to comply with the climate change requirements until the final year of the 
phase-in (2016).  Beginning in 2016, these smaller manufacturers would be required to 
meet the average CO2 equivalent emissions of all 2012 comparable vehicles produced by 
the major vehicle manufacturers.  A specialty low volume vehicle that utilizes a powertrain 
from a major manufacturer from the same model year would be considered compliant with 
the greenhouse gas emission standards if it adopted the package without modifications.  
Should a comparable vehicle not be available from a large manufacturer, the small volume 
manufacturer would be required to meet the 2012 emission standard for large volume 
manufacturers in 2016 and beyond. 
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b. Early Credits 
 
AB 1493 directs that emission reduction credits be granted for any reductions in 
greenhouse gas emissions achieved prior to the operative date of the regulations.  ARB 
staff proposed that (1) credit for early emission reductions should be available for model 
years 2000 through 2008, with manufacturers allowed to opt in to the program during any 
model year during this timeframe, and (2) the baseline against which manufacturer 
emissions are measured should be the fully phased in near term standard.   
 
As noted in Table II-1 above, staff proposed that the fully phased in near term standard for 
passenger cars and T1 trucks should be 233 grams per mile CO2 equivalent, and for T2 
trucks should be 361 grams per mile.  Thus under the staff early credit proposal a 
manufacturer�s fleet average emissions, for model years beginning with their first year of 
participation through 2008, would be compared to these standards. If a manufacturer has 
fleet average emissions in a specific model year lower than these standards, the 
manufacturer would earn early compliance credits.  Any emission reduction early credits 
earned could be used during model years 2009 through 2014, or traded to another 
manufacturer.  To ensure that the regulation ultimately achieves the greatest possible 
climate change reductions, staff proposed that the credits generated by early compliance 
retain full value through the 2013 model year.  These credits will then be worth 50 percent 
of their initial value in MY 2014, 25 percent of their initial value in MY 2015 and have no 
value thereafter. 
 
c. Alternative Compliance 
 
AB 1493 requires that the regulations �provide flexibility, to the maximum extent feasible 
consistent with this section, in the means by which a person subject to the regulations ... 
may comply with the regulations.  That flexibility shall include, but is not limited to, 
authorization for a person to use alternative methods of compliance with the regulations.�  
Thus the use of alternative compliance strategies must not undercut the primary purpose 
of the regulation, which is to achieve greenhouse gas reductions from motor vehicles.  
Accordingly, the ARB’s alternative compliance program will be limited to the vehicles that 
are regulated through AB 1493, and their fuels.  This is to ensure that the program does 
not dilute the technology-forcing nature of the regulation, since the goal is to improve the 
vehicles themselves.  The major features of the staff proposal are: 
• Projects must be located in California to be eligible as alternative methods of 

compliance. 
• Only companies regulated by AB 1493 (automakers) will be permitted to apply for 

alternative compliance credits.   
• Only those vehicles regulated under AB 1493 are eligible for alternative compliance 

credits.  This includes model year 2009 and later passenger vehicles and light-duty 
trucks and other vehicles used for noncommercial personal transportation in 
California.   

• Staff proposed that eligible projects be limited to those that achieve greenhouse 
gas reductions through documented increased use of alternative fuels in eligible 
vehicles.   
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B. MODIFICATIONS TO THE ORIGINAL PROPOSAL 
 
At the conclusion of the September 2004 hearing, the Board adopted Resolution 04-28, in 
which it approved the original staff proposal described above, with modifications in four 
areas.  The first modification, which specifies that the regulation may not take effect before 
January 1, 2006, was suggested by staff before the hearing to address the requirements 
of Health and Safety Code section 43018.5(b)(1).  The text of this modification was 
contained in a document titled �Staff�s Proposed Modifications to the Proposed Regulation 
Order, presented at the Board�s September 23-24, 2004 hearing,� which was distributed at 
the hearing and was Attachment C to the Resolution.  Three additional modifications were 
suggested by staff at the hearing in response to public comments made to staff after 
issuance of the original proposal.  The Resolution directed the Executive Officer to 
incorporate the approved modifications into the proposed regulatory text, with such other 
conforming modifications as may be appropriate, and to make the modified text available 
for a supplemental comment period. 
 
The approved modifications include specifying that the regulation may not take effect 
before January 1, 2006; allowing the Executive Officer to approve the use of lower 
upstream adjustment factors for hydrogen vehicles and electric vehicles, based on the 
increased use of cleaner sources of hydrogen or electricity production; and providing credit 
for plug-in hybrid electric vehicles in the first year of production. 
 
In addition, in response to comments, staff proposed additional modifications to extend the 
life of credits earned to five years and increase the number of years manufacturers are 
given to make up emission debits also to five years.  These additional modifications will 
provide additional compliance flexibility to manufacturers while maintaining the overall 
stringency of the Board-approved proposal.   
 
Also in response to comments, staff proposed two modifications to the calculation of 
indirect emissions allowances for air conditioning systems. First, an adjustment factor is 
proposed that will apply to systems equipped with CO2 as the refrigerant.  The adjustment 
factor offsets an inadvertent penalty that would have resulted when significant compressor 
downsizing occurs, which is only expected for CO2-based air conditioning systems.  
Second, the inclusion of an adjustment factor magnifies the incentive to use a larger than 
necessary compressor in order to obtain a larger allowance.  To minimize the incentive, an 
upper limit on the indirect emission allowances was proposed.  
 
A minor correction is also proposed to an indirect emissions factor that is used for 
calculating the upstream greenhouse gas emission adjustment for alternative fuel vehicles.  
In reviewing the emissions factor, it was noted that an adjustment in the modeling exercise 
was not carried through.  The proposed revision corrects this oversight.    
 
Finally, a comment was made at the hearing that the lifetime vehicle miles traveled (VMT) 
used in staff�s analysis was too high, thus overstating operating cost savings.  Staff 
revisited this issue and determined that there is no need to revise the lifetime VMT used in 
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the analysis.  Additional explanation was made available online at the ARB�s Internet site 
for this rulemaking � http://www.arb.ca.gov/regact/grnhsgas/grnhsgas.htm. 
 
C. MANUFACTURER COSTS AND SAVINGS RESULTING FROM THE ADOPTED 

REGULATION 
 
As part of its technology evaluation, staff estimated the average fleetwide incremental cost 
of control to meet the greenhouse gas emission standards.  Table II-2 below shows the 
average cost of control by model year for each standard.   
 

Table II-2:  Average Cost of Control 

PC/LDT1                                      
(Passenger cars and small 

trucks/SUVs)

LDT2                                                 
(Large trucks/SUVs)

2009 $17 $36
2010 $58 $85
2011 $230 $176
2012 $367 $277
2013 $504 $434
2014 $609 $581
2015 $836 $804
2016 $1,064 $1,029

Year

Average cost of control

Near-term

Mid-term

Tier

 
 
 
As is shown in the table, when fully phased in the near-term standards will result in an 
estimated average cost increase of $367 for passenger cars and small trucks/SUVs, and 
$277 for large trucks/SUVs as compared to the 2009 baseline vehicle.  The fully phased in 
mid-term standards will result in an estimated average cost increase of $1,064 for 
passenger cars and small trucks/SUVs, and $1,029 for large trucks/SUVs.  The staff 
analysis concludes, however, that these increased costs will be more than offset by 
operating cost savings over the lifetime of the vehicle.  Using the average increase in 
vehicle prices associated with the fully phased-in regulation (2016), and an assumed fuel 
price of $1.74 per gallon, staff calculated that the increased vehicle payment minus the 
reduction in operating cost would result in a monthly savings of about $3.50 to $7.00.  At 
higher fuel prices, the monthly savings increase. 
 
D. COST-EFFECTIVENESS OF THE ADOPTED REGULATION 
 
Typically, emission control regulations impose a cost.  Cost effectiveness is a measure of 
the cost imposed per ton of reduction achieved, and thus is a useful tool to compare 
various possible approaches.  In this instance, however, AB 1493 requires that the 
regulations be economical to the consumer over the life cycle of the vehicle.  Consistent 
with this direction, the technology packages that provide the basis for the standard result 
in operating cost savings that exceed the capital cost, resulting in a net savings to the 
consumer over the lifecycle of the vehicle.  This translates to a �negative� cost 
effectiveness value (there is a cost savings per ton reduced).   
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ARB staff estimated the net costs of this proposed regulation primarily by using cost data 
from the 2004 study �Reducing Greenhouse Gas Emissions from Light-Duty Motor 
Vehicles� done for the Northeast States Center for a Clean Air Future (NESCCAF).  The 
initial costs are based on the expected increases in vehicle cost resulting from the 
technology improvements needed to meet the standards in the proposed regulation.  The 
proposed regulation includes a phase-in schedule whereby earlier model year vehicles will 
meet a less stringent standard and, on average, will require less new technology than later 
model vehicles.  ARB staff has estimated the average cost increases by model year, using 
data from the NESCCAF study and other sources.  Staff has used these cost data, along 
with the assumption that average vehicle life is 16 years, to calculate the total annualized 
costs by calendar year. The total annualized costs are estimated to be roughly $1,236 
million for calendar year 2020 and $2,595 million for 2030.   
 
Staff also estimated annual savings in operating cost, again based on information provided 
in NESCCAF as well as other sources.  The annual savings are estimated to be $5,278 
million in 2020 and $9,394 million in 2030, well in excess of the annualized cost.  This 
results in net annual savings of $4,042 million in 2020 and $6,799 million in 2030. 
 
The cost effectiveness in dollars per ton for a given calendar year is calculated by dividing 
the total annualized costs for that year by the total CO2 equivalent emission reductions for 
that year. The CO2 equivalent emissions benefits of the proposed regulation are 87,700 
tons per day in 2020 and 155,200 tons per day in 2030.  Converting these figures to 
annual totals yields 32 million tons per year in 2020 and 56.7 million tons per year in 2030. 
 
Table D-1 below provides the cost effectiveness in calendar years 2020 and 2030 based 
on the annualized vehicle costs and the estimated benefits. 
 

Table D-1.  Cost Effectiveness of Proposed Regulation 

 
 2020 2030 

Net Annualized Costs (Savings)  $4,042 million $6,799 million 
Emissions Reduction (tons/year) 32.0 million 56.7 million 

Cost effectiveness ($/ton) -126 -120 
 
E. ENVIRONMENTAL AND ECONOMIC IMPACTS 
 
The climate change regulation may impact several sectors of the economy.  The steps that 
manufacturers will need to take to comply with the regulatory standards are expected to 
lead to price increases for new vehicles.  Many of the technological options that 
manufacturers choose to comply with the regulation are also expected to reduce operating 
costs.  These two responses to the regulation have combined positive and negative 
impacts on California businesses and consumers.   
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Based on the staff analysis, the net effect of the regulation on the economy is expected to 
be small but positive.  It is very likely that savings from reduced vehicle operating costs will 
end up as expenditures for other goods and services.  These expenditures would flow 
through the economy, causing expansion or creation of new businesses in several sectors.   
 
Staff’s economic analysis shows that as these expenditures occur, jobs and personal 
income increase.  Jobs increase by 3,000 in 2010, by 53,000 in 2020, and by 77,000 in 
2030 as compared to the baseline economy without the proposed regulation.  Similarly, 
income grows by $170 million in 2010, by $4.7 billion in 2020, and by $7.3 billion 2030.  
There is no impact on the ability of California business to compete with businesses in 
other states.  State and local agencies will not be adversely affected and are likely to 
realize a net reduction in their cost of  fleet operations.  
 
Staff estimates that the regulation will reduce climate change emissions from the light duty 
passenger vehicle fleet by an estimated 87,700 CO2-equivalent tons per day statewide in 
2020 and by 155,200 CO2-equivalent tons per day in 2030.  This equates to an 18 percent 
reduction in climate changes emissions from the light-duty fleet in 2020 and a 27 percent 
reduction in 2030.  The regulation will also reduce emissions that occur during the fuel 
cycle (the marketing and distribution of gasoline).  Such activities produce both climate 
change and criteria pollutant (smog-forming) emissions.   
 
Analysis of fleet turnover effects using longstanding and accepted types of analyses 
indicated that there will be no significant adverse environmental impact associated with 
any potential delay in purchase of new vehicles. 
 
To provide additional insight into the impact of the regulation, staff used newer exploratory 
tools to explore what would happen if consumers postpone the purchase of new vehicles 
due to their higher cost, or increase their driving due to the reduced cost of operating the 
vehicle.  In both cases staff found that the effect on emissions is relatively small.   
 
Staff has not identified any mechanisms by which the climate change regulation would 
result in a disproportionate negative environmental or economic impact on low income or 
minority communities.  In fact, the reduced emissions from likely changes to the 
distribution and marketing of gasoline are likely to provide benefits to these communities.  
Staff also evaluated the broader impacts of the regulation on job and business creation in 
representative San Diego communities with environmental justice concerns.  The 
evaluation concluded that the regulation would likely result in an increase in jobs and 
business creation.  
 
III. SUMMARY OF PUBLIC COMMENTS AND AGENCY RESPONSES 
 
The ARB received numerous written and oral comments, in connection with the 
September 23-24, 2004 hearing and during the two subsequent 15-day comment periods.  
Set forth below  are either the full text or a summary of each objection or recommendation 
specifically directed at the proposed regulation or to the procedures followed by the ARB 
in proposing or adopting the regulation, together with an agency response.  The comments 
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have been grouped by topic whenever possible.  Comments not involving objections or 
recommendations specifically directed towards the rulemaking are not summarized below.   
 
A. COMMENTS PRESENTED PRIOR TO OR AT THE HEARING 
 
1. Overview Comments on the Regulation as a Whole 
 
1. Comment:  Pollution from cars and light trucks causes global warming that 
threatens to worsen smog levels and increased health problems, including asthma attacks.  
To begin reducing the pollution that contributes to global warming we must begin by 
ensuring the maximum feasible and cost-effective reduction of polluting greenhouse gases 
emitted by passenger vehicles. 
 
Recent reports show that California continues to have the worst air pollution in the country.  
Given the close link between smog-formation and hot weather, we must act to reduce 
global warming pollution.  I urge you to ensure that the Air Resources Board sticks to its 
schedule and adopts the most protective cost-effective rule to reduce greenhouse gas 
emissions from cars this fall.  (Rainey Aggerson; 110,000 similar postcards provided by 
Environment Now, as well as 256 handwritten letters restating the text of the postcard, in 
some cases with non-substantive modifications.) 
 
Agency Response:  ARB staff agrees with this comment, and the Board approved the 
regulations in a timely fashion.  No further response needed. 
 
2. Comment:  The City of Santa Monica encourages the California Air Resources 
Board to support the maximum feasible and cost-effective vehicle emission reduction 
regulations under Assemblymember Fran Pavley�s 2002 global warming bill.  The bill gives 
us, as Californians, the opportunity to clean our own skies, reduce our contribution to 
global warming, and also to set a higher standard for the rest of the world to follow.  
California is a leader in environmental issues and this bill is an example of our leadership.   
 
The California Air Resources Board has the opportunity to protect the quality of life of 
millions of Californians and set an example for the rest of the world to follow.  We strongly 
urge you to ensure AB 1493 results in the maximum feasible and cost effective reduction 
of greenhouse gases from motor vehicles.  (Richard Bloom, Mayor, City of Santa Monica.  
Similar letters received from Town of Yucca Valley; City of Monterey Park; City of 
Torrance; City of Burbank; City of Pacifica; City of Colton; City of Gardena; City of Grand 
Terrace; City of Rialto; City of Banning; City of Long Beach; City of Arcata; City of El 
Segundo; City of Los Angeles; Marin County; City of Lakeport; City of Cupertino; City of 
San Bernardino; City of Calabasas; Riverside County; City of Novato; City of Eureka; City 
of Santa Rosa; City of Napa; City of Montclair; Alameda County; City of Chula Vista; City 
of Hayward; City of Los Gatos; City of Pico Rivera; City of Santa Clara; City of Calistoga; 
City of Sonoma; City of Port Hueneme; City of Sacramento; Contra Costa County; City of 
San Leandro; City of Sunnyvale; City of Healdsburg; City of Clearlake; City of Cotati; Town 
of San Anselmo; City and County of San Francisco; Town of Fairfax; Sonoma County; 
Santa Clara County; City of Santa Cruz; City of West Hollywood; City of Agoura Hills; City 
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of Oxnard; City of Palo Alto; City of Redlands; City of Malibu; Town of Windsor; City of 
Hemet; City of Huntington Park; City of Oakland; City of Petaluma; San Mateo County; 
City of Sebastopol; City of San Buenaventura; City of San Diego; City of San Mateo; City 
of Riverside, City of San Jose, Marin Municipal Water District)  
 
The City of El Segundo urges you to adopt new strong regulations to reduce greenhouse 
gas emissions from motor vehicles.  The city supports the proposal that is before you for 
consideration today. 
 
Local governments are likely to suffer severe consequences from the effects of global 
warming, as we are often the agencies of first recourse for constituents facing the burdens 
of poor environmental decisions. 
 
Unfortunately, under California law, local governments have the least flexibility to generate 
the resources needed to respond effectively, a problem likely to be compounded by the 
expected adverse economic consequences of global warming on industries essential to 
the fiscal health of local governments such as real estate, tourism and agriculture. 
 
In short, global warming threatens California’s health, environment, economy, and quality 
of life; and greenhouse gas emissions from passenger vehicles and light trucks contribute 
vastly to the buildup of greenhouse gases in the atmosphere that results in global 
warming. The city believes it is imperative that California lead the way in addressing the 
problem of global warming.  We must act now to avert even more severe impacts from 
global warming in the future.  We must act now to cut greenhouse gas emissions from 
vehicles.  
 
The city of El Segundo, along with 60 other cities throughout the State of California, 
supports strong measures to reduce vehicle greenhouse gas emissions and the proposed 
regulations that staff has prepared are a good start.  They are a step in the right direction 
to ensure to the maximum extent feasible the cost-effective reduction of greenhouse 
gases emitted by passenger vehicles as mandated by AB 1493. (Councilmember Nancy 
Pfeiffer, City of El Segundo) 
 
The City of Santa Monica is here today to applaud and support your efforts to reduce 
greenhouse gas emissions, and your leadership is welcome.  The city has taken 
extraordinary steps to mitigate its own greenhouse gas emissions, and we will suffer 
extraordinary harmful consequences from the impacts of these emissions should they not 
be abated. (Brian Johnson, City of Santa Monica) 
 
Mayor James Hahn and the City Council of the City of Los Angeles have adopted a 
resolution, which was forwarded by Council Members Perry and Carter, to "urge the 
California Air Resources Board to adopt the strongest possible regulations to reduce 
greenhouse gases emitted by passenger vehicles pursuant to AB 1493.  �We endorse the 
staff proposal that is before you for consideration today." (Brian Williams, Deputy Mayor of 
Los Angeles) 
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Agency Response:  ARB staff agrees with these comments, and the regulations approved 
by the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
3. Comment:  I urge you to adopt at your upcoming board meeting the 
recommendations contained in the June 14th staff proposal to reduce global warming from 
cars.  California�s actions are critical to controlling and reducing global warming pollution 
nationally, and can spur other states and nations to follow out lead.   
 
Global warming threatens California�s health, environment, way of life and economy, 
including a number of our key industries such as agriculture, recreation and tourism.  
Passenger cars and light trucks represent the largest source of global warming pollution in 
California, but experts estimate that we can reduce global warming pollution by 30 to 40 
percent using cost-effective and readily available vehicle technology. 
 
California�s recently enacted law to limit global warming pollution from cars will improve 
our environment and our air, as long as strong regulations are adopted to implement the 
law.  Again, I urge you to adopt the June 14th staff proposal so California can move 
forward with the steps necessary to achieve this goal.  (Christine Hoekenga; about 4,500 
other similar letters received.) 
 
Agency Response:  The regulations as approved by the Board substantially reflect the 
recommendations contained in the June 14 draft staff proposal.  The only significant 
modification related to the phase-in of the standards.  In the August 6 final staff proposal 
staff recommended phasing in the standards in two four-year increments, as opposed to 
the two three-year increments proposed in the June 14 draft.  Staff believed that additional 
time was needed to allow manufacturers to implement the necessary technologies across 
their fleet.  Staff believes that the regulations as approved by the Board achieve the 
maximum feasible and cost effective reductions. 
 
4. Comment:  I urge them to adopt the new rules to cut global warming pollution from 
California�s cars.  California passed the world�s first law to curb global warming pollution 
from cars and trucks in 2002.  Now the world is watching to see if we can make it work. 
 
The proposed new auto pollution standards set a modest goal of reducing tailpipe 
emissions of carbon dioxide and other pollutants 30 percent by 2016.  It�s never been 
more important for California to keep its tradition of leading the U.S. and the world in 
cleaning up pollution.  Again, please support the new rules and ask you the Board to do 
the same.  (Wayne Williams; about 2,500 other similar letters received).   
 
Agency Response:  ARB staff agrees with this comment.  No further response needed. 
 
5. Comment:  As you know, global warming threatens to disrupt California�s economy, 
environment, water supplies, and quality of life.  With this in mind, your board should adopt 
its June 14th proposed regulation.  Cutting car pollution is one of the best ways we can 
slow climate change. 
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Eighty percent of Californians support the law to cut global warming pollution from cars.  
Moreover, Governor Schwarzenegger has promised to uphold the law and prevent any 
attempts to weaken it.  Thank you for your right action.  (Kevin James Gardner; about 
3,000 other similar letters received.) 
 
Agency Response:  See response to comment number 3. 
 
6. Comment:  I am concerned about global warming and the threat that resulting 
climate change poses for California�s health, economy, and environment.  Consequently, I 
am writing to urge you to support the strongest possible regulations to reduce greenhouse 
gas emissions from new passenger cars and light trucks.  Your determined and 
unwavering support is needed not only when the California Air Resources Board considers 
proposed regulations later this month, but for as long as automakers seek to undermine 
those regulations through misleading PR campaigns and threats of expensive litigation. 
 
The Public Policy Institute of California found in July of this year that 81 percent of 
Californians support the law requiring automakers to reduce global warming emissions 
from new cars and light trucks.  I am one of those who support the proposed regulations, 
which would reduce greenhouse gas emissions from new cars and light trucks by 30% by 
2016.  I hope you will defend these regulations vigorously and hope you will appeal to the 
major auto companies to support rather than undermine California�s landmark campaign to 
build cleaner cars and a cleaner California.  (Dr. Deborah Perlman Ph.D., about 2,500 
other similar letters received.) 
 
Agency Response.  ARB staff agrees with this comment, and the regulations approved by 
the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
7. Comment:  I am concerned about the impact global warming has on the health, 
environment, and quality of life of everyone living in California.   
 
I encourage you to uphold your promise to improve California�s air quality.  One way you 
can do this is by supporting the California Air Resources Board�s groundbreaking 
regulations, pursuant to the California Clean Cars Law of 2002, that would for the first time 
require carmakers to reduce global warming emissions from new passenger cars and light 
trucks beginning in 2009.  Adopting strong regulations will enable California to continue to 
be a world leader in solving air pollution problems and these regulations will go a long way 
to help to improve air quality and public health.  (Holly Gardner; about 3,500 similar letters 
received).   
 
Agency Response:  It is reasonable to assume the cited law is AB 1493.  With that 
assumption, ARB staff agrees with this comment, and the regulations approved by the 
Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
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8. Comment:  CARB has done an admirable job of designing a modest but meaningful 
proposal for reducing greenhouse gas emissions from new passenger vehicles. 
 
It is critical that CARB approve the rule at its upcoming meeting.  There is only one 
amendment that I would urge CARB to consider.  To achieve maximum feasible emissions 
reductions, CARB should adopt 2015 as its final deadline.  This gives automakers longer 
to adjust in the first stage, but recognizes that extending the time for compliance is not 
necessary in the second stage of implementation.  (Keith Haumann; about 2,400 similar 
letters received).   
 
Agency Response:  See response to comment number 3. 
 
9. Comment:  I am a teacher working with middle school students in Santa Cruz.  
When I think about their future, the issue of global warming is the most crucial 
environmental catastrophe facing them.   It deeply concerns me, as it does them.  I am 
proud that our state has taken a national lead in efforts to reduce global warming, and I 
urge you to take every possible step to preserve a livable future for my students.  One of 
those actions concerns the recommendations contained in the June 14th staff proposal to 
reduce global warming from cars. 
 
I urge you to adopt at your upcoming board meeting those recommendations.  California�s 
actions are critical to controlling and reducing global warming pollution nationally, and can 
spur other states and nations to follow our lead. (George Merilatt; similar letters of general 
support received from 93 individuals and organizations) 
 
Agency Response:  ARB staff agrees with these comments.  See also the response to 
comment number 3. 
 
10. Comment:  I am writing to you on behalf of the United Steelworkers of America 
District 12 to urge you to adopt the strongest possible regulations to reduce greenhouse 
gas emissions from motor vehicles.  The draft plan developed by the Air Resources Board 
staff is a sound platform.   
 
The CARB staff proposals are reasonable and we encourage CARB to approve them.  We 
believe that California�s Governor, Legislature, and other public officials should solidly 
support such regulations to protect the health of the state�s economy and its people.  The 
drive toward cleaner cars will continue to provide new opportunities for use of hybrid 
electric and advanced technologies that will have extremely low emissions of both 
traditional air pollutants and greenhouse gases.  (Terry L. Bonds, United Steelworkers of 
America District 12; similar letters received from Pacific Coast Federation of Fishermen�s 
Associations; International Association of Machinists and Aerospace Workers; 
International Association of Machinists and Aerospace Workers District Lodge 725; 
Operating Engineers Local Union Number 3; California State Council of the Service 
Employees International Union Local 660; Service Employees International Union Local 
1000; Service Employees International Union; United Food and Commercial Workers 
International Local 324; United Food and Commercial Workers International Local 1179; 
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University Professional and Technical Employees CWA Local 9119; International 
Brotherhood of Electrical Workers Local Union 569; International Brotherhood of Electrical 
Workers Local Union 302, International Brotherhood of Electrical Workers Local Union 
332, International Brotherhood of Electrical Workers 9th District; Contra Costa Building 
and Construction Trades Council.); American Federation of State, County and Municipal 
Employees; California Nurses Association; State Building and Construction Trades 
Council of California; International Brotherhood of Boilermakers; California Teachers 
Association.)  
 
Over 23 unions in the state, including my union, the United Food and Commercial 
Workers; electrical workers; service employees; steel workers and machinists, have 
indicated their support for the strongest possible regulations to reduce greenhouse gas 
emissions from automobiles. 
 
There’s no doubt that the labor movement takes the threat of global warming and climate 
changes seriously.  The draft plan before you is a sound platform for significant reductions 
and we urge your support. (John Perez, United Food and Commercial Workers Union and 
the United Food and Commercial Workers Western States Council) 
 
Agency Response:  ARB staff agrees with these comments, and the regulations approved 
by the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
11. Comment:  The Santa Clara County Medical Association supports California�s 
efforts to address global warming through the implementation of a strong regulation to 
reduce greenhouse gas emissions from vehicles�The S anta Clara County Medical 
Association and the California Medical Association have already endorsed a resolution 
that supports a reduction in greenhouse gases.  We recognize that this is the most 
important environmental problem facing us today.   
 
We respectfully request that the California Air Resources Board adopt a strong and 
effective 1493 regulation that ensures the maximum feasible and cost-effective reduction 
of global warming pollution produced by passenger vehicles.  (Stephen H. Jackson, MD; 
similar comments provided by Health Network for Clean Air petition signed by 165 medical 
and health care professionals, and by American Academy of Pediatrics, American Lung 
Association of California, Breast Cancer Action, Breast Cancer Fund).   
 
Statewide health organizations supporting the proposed regulations include the American 
academy of Pediatrics, the California Academy of Family Physicians, the California 
Medical Association, the American Heart Association, the Western States, the Fresno-
Madera Medical Society, the Health Officers Association of California, Medical Advocates 
for Healthy Air, the Regional Asthma Management Preventive initiative, and the American 
Lung Association.  (Trisha Roth, Pediatrician) 
 
I urge you to stand tall to it and support this measure. Denny Zane, American Lung 
Association volunteer) 
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I�d like to present to you in addition to the over 160 physicians and respiratory therapists 
and nurses over 3,000 letters of support from the public that’s collected by the American 
Lung Association. And these letters urge you again to move forward today and adopt this 
resolution.  Many of these are from health professionals or individuals suffering from lung 
illness.  
 
I’d also like to present to you over 60 resolutions, letters of support from local governments 
around the state.  We have a board here listing all of these cities and counties that have 
taken positions.  You also have a folder with all of these resolutions and letters.  So you 
actually have over 60 I think in your packet. There’s fairly equal representation from 
northern and southern California.  And all of these local governments have urged you to 
adopt the strongest possible regulations to reduce greenhouse gas emissions from motor 
vehicles and are urging you to take strong leadership on this issue.  
 
Public health demands that you take action to control greenhouse gases.  We are urging 
you today to demonstrate strong leadership for public health for California and the world 
by adopting the proposed regulations. (Bonnie Holmes-Gen, American Lung Association 
of California) 
 
Agency Response:  ARB staff agrees with these comments, and the regulations approved 
by the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
12. Comment:  As California business leaders and members and supporters of 
Environmental Entrepreneurs (E2) we write to express our support for California�s efforts 
to address global warming through the implementation of a strong regulation limiting 
greenhouse gas emissions from vehicles as set forth in AB 1493 (Pavley).  E2 is a national 
community of businesspeople who believe in protecting the environment while building 
economic prosperity.  Collectively, E2�s over 500 members (70% of whom reside in 
California) have created more than 800 companies and 400,00 jobs, and manage $20 
billion of venture capital.   
 
We believe that strong regulations for implementing AB 1493, as outlined in the staff 
proposal currently before the Air Resources Board, are key to accelerating the drive to put 
the latest pollution reduction technologies in California�s fleet of cars.  The vehicle global 
warming law is a win-win for the state�s consumers and automotive technology companies.   
In addition, it will significantly improve the state�s environment.  Consumers will benefit 
from lower lifetime operating costs when new cleaner vehicle technologies are available. 
In fact, abundant off-the-shelf technology and available clean fuels can be readily applied 
to reduce global warming pollution from today�s vehicles, cars and light trucks.  Many of 
these technologies and innovations will depend on parts that Californian companies also 
produce.  As California�s economy is one of high-technology and innovation, it is likely 
once again to benefit (as it has in the past) from clean technology investments driven by 
this landmark law.   
 



 21

We encourage the California Air Resources Board to adopt strong regulations that ensure 
the maximum feasible and cost-effective reduction of greenhouse gases emitted by 
passenger vehicles, and urge California�s Governor, Legislature, and other public officials 
to solidly support such regulations to protect the health of the state�s economy and its 
people.  (Bob Epstein and Nicole Lederer; letter co-signed by 193 members and 
supporters.) 
 
Agency Response:  ARB staff agrees with this comment.  No further response needed. 
 
13. Comment:  The California Air Pollution Control Officers Association (CAPCOA) 
wishes to express its strong support for the strategies outlined in the Staff Report 
published on August 6, 2004 and amended on September 10, 2004.  We commend your 
staff for the thoroughness of the technical evaluation conducted in developing this 
regulation and for their ability to incorporate the latest information in a timely fashion.  The 
proposed regulation represents a positive first step in beginning to address one of the 
most significant environmental issues of our time.   
 
AB 1493, enacted in 2002, directs the ARB to adopt regulations to achieve the maximum 
feasible and cost-effective reduction of greenhouse gas emissions from motor vehicles.  
The proposal before you today goes a long way to ward achieving that goal.  The 
recommended emissions-based control strategies involve primarily off-the-shelf existing 
technologies, and the phased schedule provides industry flexibility and adequate time to 
adjust to the new standards and requirements while making it highly feasible to earn 
emission reduction credits through early implementation.   
 
In summary, CAPCOA believes that the strategies recommended by staff represent a 
cost-effective, feasible and critical first step in addressing greenhouse gas emissions from 
the light-duty motor vehicle fleet�..CAPCOA commend s your Board and staff in moving 
forward on this front and stands ready as an organization to support your efforts. (Larry F. 
Greene, President; similar letters received from South Coast Air Quality Management 
District, Bay Area Air Quality Management District, Sacramento Metropolitan Air Quality 
Management District, San Luis Obispo County Air Pollution Control District) 
 
CAPCOA believes that the strategies recommended by staff represent a cost-effective, 
feasible, and critical first step in addressing greenhouse gas emissions from the light-duty 
motor vehicle fleet.  We believe that much more remains to be done in order to reduce the 
threat posed by global warming, not just in California but throughout the world. (Larry 
Allen, Air Pollution Control Officer for San Luis Obispo County, representing the California 
Air Pollution Control Officers Association) 
 
The District urges you and your colleagues to adopt the staff proposal.  It is critically 
needed and a reasonable step forward on our journey towards minimizing climate change.  
Please know that the Air District is both supportive of your efforts and will be doing what 
we can as well to address this issue. (Brian Bunger, Bay Area Air Quality Management 
District) 
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This regulation is very much supported by the residents in our region and that this idea of 
life cycle costs being actually a positive aspect for the consumers is an excellent aspect of 
the regulation. 
 
We urge you to adopt the regulation as expeditiously as possible.  And [we] support you -- 
we’ll be there doing whatever we can to help along the way. (Larry Green, Sacramento 
Metropolitan Air Quality Management District) 
 
Agency Response:  ARB staff agrees with these comments.  No further response needed. 
 
14. Comment:  We welcome this opportunity to comment on the proposal now before 
the Board pursuant to implementation of the State’s AB 1493 legislation, requiring 
adoption of regulations that achieve the maximum feasible and cost-effective reduction of 
greenhouse gas emissions from motor vehicles. We commend CARB staff for its 
exemplary work developing this proposal, which will take a significant step forward in 
protecting the citizens of California from the threats of climate change.  
 
We commend CARB staff for its thorough analysis and recommend without reservation 
that the Air Resources Board immediately adopt these proposed regulations, so that 
California can protect itself from the threats of global warming and California’s citizens can 
reap the benefits of cost savings and a cleaner environment that will follow.   (John M. 
DeCicco, Ph.D., and Kate M. Larsen, Environmental Defense; letters of support also 
received from Natural Resources Defense Council, Bluewater Network, Environment 
California, Communities for a Better Environment, Union of Concerned Scientists, Sierra 
Club, Coalition for Clean Air, Conservation Law Foundation, Alliance for a Clean 
Waterfront, As You Sow, The David Brower Fund, Clean Water Action, Coalition of 
Concerned National Park Retirees, Community Clean Water Institute, National Parks 
Conservation Council, Neighborhood Parks Council, Rainforest Action Network, San 
Francisco Bicycle Coalition, San Francisco Tomorrow, Santa Barbara Channelkeeper, 
Vote Solar Initiative, Community Action to Fight Asthma) 
 
We believe the proposed regulation is really an excellent start, that it will result in the rules 
which are � which we believe are fair to manufactur ers and in vehicles which are better for 
both the environment and consumers’ wallets. (Dr. Russell Long, Executive Director, 
Bluewater Network) 
 
This is what Californians want.  In just I’d say about 12 short weeks we were able to 
mobilize 109,000 -- and let me just say that again -- 109,000 public comments from 
Californians of all stripes in support of the implementation of this measure. (Sujatha 
Jahagirdar, Environment California Research and Policy Center) 
 
UCS supports the adoption of this regulation and look forward to California taking a 
leadership role once again in addressing air pollution. (Louise Bedsworth, Union of 
Concerned Scientists) 
 



 23

NRDC believes the proposal is technically and economically well justified.  It’s consistent 
with the intent and requirements of the law. And though the stringency in phase-in could 
be stronger, on balance we believe this is a good proposal, we believe the Board should 
adopt what is before you today.  And I think this -- California has an opportunity here to 
repeat the success it has had over the last four decades fighting smog forming pollution 
from tailpipes and repeat their success of the catalytic converter during the 1970’s. 
(Roland Hwang, Natural Resources Defense Council) 
 
Agency Response:  ARB staff agrees with these comments, and the regulations approved 
by the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
15. Comment:   NRDC is pleased to submit the following comments regarding the 
California Air Resources Board staff�s proposal to control greenhouse gas emission from 
motor vehicles.  NRDC has spent years working in California and at the national level to 
reduce the environmental impact of our motor vehicle fleet and was one of the co-
sponsors of AB 1493. 
 
• California has the clear legal authority to regulate air pollution from motor vehicles 

including the air pollutants that cause global warming, under AB 1493 and the federal 
Clean Air Act.  These are not fuel economy standards and are not affected by the 
federal fuel economy law. 

• The staff�s analysis of the technical feasibility and cost-effectiveness is scientifically 
sound.  Its analytical thoroughness is comparable to the analysis performed for the 
highly successful LEV I (adopted 1990) and LEV II (adopted 1998) programs.  The 
staff�s conclusions are consistent with the findings of other independent analyses. 

• As one of the sponsors of AB 1493, we believe the staff�s proposed regulations are 
consistent with the legislative intent and requirements of AB 1493, including the 
requirements for:  maximum technical feasible and cost-effective standards, maximum 
flexibility (including allowing for alternative compliance mechanisms) and early action 
credits. 

• Due to California�s vulnerabilities to the impacts of global warming, adoption of these 
standards is necessary to reduce the risks of global warming, including detrimental 
impacts on public health, sensitive ecosystems, water resources, and the economy. 

• The history of air pollution control demonstrates that California�s leadership actions 
play a vital role in leveraging pollution reductions by other states, nationwide, and even 
globally, as other jurisdictions learn from and follow California�s leadership and as 
technologies pioneered in California are adopted elsewhere.   

• Seven northeastern states have adopted the California LEV II program.  These states 
will likely also adopt these new standards and, indeed, several have already stated 
their intentions to do so.  Canada has also expressed interest in adopting California�s 
program. 

• The history of past motor vehicle pollution programs shows that the auto industry has 
consistently exaggerated the costs of proposed regulations.  The history also shows 
that both California and the federal government have typically overestimated 
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compliance costs, though to a much lesser degree than the industry.  (Roland Hwang, 
Natural Resources Defense Council) 

 
Agency Response:  ARB staff agrees with this comment.  No further response needed.   
 
16. Comment:   Environmental Defense recommends immediate adoption of staff�s 
changes.  Our evaluation of the proposal is that it is scientifically and economically sound, 
meeting the requirements of AB 1493, as demonstrated by the careful analysis and 
assessment reflected in the Initial Statement of Reasons (ISOR) for Proposed Rulemaking 
prepared by CARB staff to justify the regulations. (Haxthausen, Environmental Defense, 
11/05/04). 
 
Agency Response: No response necessary. 
 
17. Comment:  I am writing to urge your support of the strongest possible regulation 
pursuant to AB 1493 (Pavley) to reduce greenhouse gas emissions from motor vehicles.  
As you are aware, global warming threatens California�s health, economy, environment, 
and way of life.  As a result, if global warming continues unchecked, the insurance industry 
could be significantly impacted.  I believe it is extremely important for California to act now 
and be a leader in addressing the problem of global warming.   
 
In addition to making good policy sense, reducing global warming related pollution will 
benefit the health and safety of Californians.  Recent studies on the potential effects of 
further global warming predict an increase in the frequency and magnitude of flood events.  
Heat waves and wildfires are also predicted to increase.  While it is difficult to quantify the 
actual and future impacts of climate change, the potential for grater loss of live and 
property are too serious to ignore.  Because climate change has the potential to affect the 
number and severity of natural disasters resulting in significant impact on claims, this is a 
front line issue for the insurance industry. 
 
On behalf of the California Department of Insurance, I strongly urge your office and the 
California Air Resources Board to adopt these proposed regulations for near-term and 
mid-term fleet average emission standards contained in the August 6th Proposed 
Regulation Order.  Such action is critical to protect the health of the State�s economy, its 
environment, and its people.  (John Garamendi, Insurance Commissioner). 
 
Agency Response:  ARB staff agrees with this comment, and the regulations approved by 
the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
18. Comment:  On the basis of my experience with the control of other pollutants 
summarized above, I have no doubt that establishing emissions standards for pollutants 
that contribute to global warming would lead to investment in developing improved 
technologies to reduce those emissions from motor vehicles, and that successful 
technologies would gradually be mandated by other countries around the world. 
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In conclusion, based on my education, experience, and expertise, it is my strong opinion 
that California�s regulatory requirements to reduce greenhouse gas emissions from motor 
vehicles would lead to investment and successful action to reduce those emissions by 
vehicle manufacturers that serve the California market.  In turn, efforts to reduce 
emissions from California�s motor vehicles would proliferate around the world as other 
countries again adopted similar regulatory requirements.  Successfully reducing 
greenhouse gas emissions from vehicles in California and other countries would 
substantially and measurably slow and reduce the build-up of these pollutants in the 
atmosphere and would substantially and measurably mitigate the impacts of global 
warming.  (Michael P. Walsh) 
 
Agency Response:  ARB staff agrees with this comment.  No further response needed. 
 
19. Comment:   Reductions of greenhouse gases are very important to the New 
England regulators and policy makers. (Coralie Cooper, NESCAUM) 
 
The New York State Department of Environmental Conservation and CARB have 
established a strong working relationship, particularly in the area of mobile source 
emissions assessment and control.  We look forward to continuing that relationship as we 
move toward controls for emissions of greenhouse gases. 
 
The leadership that California has established in emissions controls is of critical 
importance to New York and many other states in meeting our air quality objectives.  The 
Clean Air Act specifically permits states to adopt California motor vehicle emissions 
standards.  This is a right that we embrace, and fully expect to continue to exercise. 
 
I am here today to support the proposal before the Board and reiterate New York�s 
commitment to adopt the CO2 emissions standards being considered today. (David Shaw, 
New York State Department of Environmental Conservation). 
 
CA�s standards have repeatedly leveraged much larger emission reductions by other 
jurisdictions, such as other states, the federal government and other countries.  (David 
Doniger, Senior Attorney, NRDC) 
 
Agency Response:  ARB staff agrees with these comments.  Under the Clean Air Act other 
states often adopt California�s new motor vehicle regulations such as these, and doing so 
here would achieve further greenhouse gas emission reductions beneficial to California.  
No further response needed. 
 
20. Comment:   There are approximately 113,000 pieces of mail out in the hall in the 
mailbags from private citizens supporting staff�s proposal.  There are 65 cities, counties 
and local officials from Agoura Hills to Yucca Valley, a very broad range in terms of size 
and geographic location; 225 businesses, business organizations and business leaders, 
ranging from the California Restaurant Association to, our particular favorite, Spin & 
Margie’s Desert Hideaway; health and medical organizations, including the California 
Medical Association and the Health Officers Association of California; 23 labor 
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organizations, including the California Nurses Association and the Pipe Trades Council; 
and nearly 40 environmental -- environmental justice, community and public interest 
groups all supporting staff�s proposal. 
 
The staff recommendation, while conservative, responds effectively to the directions set 
forth in the original legislation.  ARB’s adoption of the proposed vehicle emissions 
standards represents an important step forward in the state’s efforts to protect public 
health and reduce harmful global warming pollution from cars. (Wendy James, California 
Clean Cars Campaign) 
 
Agency Response:  ARB staff agrees with this comment, and the regulations approved by 
the Board will achieve the maximum feasible and cost effective reductions.  No further 
response needed. 
 
21. Comment:   The California Ski Industry was an early and ardent supporter of AB 
1493.  We take global warming very seriously.  The viability of the winter sports industry 
and the economic benefit it provides California�s mountain communities depend on 
sufficient precipitation and appropriate temperatures.  We are California�s canary in the 
mineshaft. 
 
During the campaign for AB 1493 we were strongly criticized by our automotive marketing 
partners.  SUVs bring a large percentage of skiers and snowboarders to our resorts.  Our 
message then and now is that SUVs are great, let�s just clean them up.  We believe the 
technology exists to reduce the global warming pollution from SUVs 30-40%.  We also 
know that our patrons are environmentally sensitive.  The automotive industry owes us all 
a cleaner SUV. 
 
As we worked with CARB on developing stronger standards for stationary diesel engines 
we are committed to supporting CARB in the quest to create feasible cost-effective 
regulation for passenger vehicles.  Let us know what we can do to help.  (Bob Roberts, 
California Ski Industry Association).   
 
Agency Response:    ARB agrees with this comment.  No further response needed. 
 
2. Comments on Specific Issues 
 
a. ISOR Section 2--Climate Change Science 

(1). Section 2.1�Climate Change Causes and Projecti ons 
 
22. Comment: Much of the basis for the statements and the inference in the Staff 
Report concerning scientific consensus in the Staff Report is based on the 2001 
International Panel on Climate Change Third Assessment Report (�TAR�) and a 2001 
National Research Council (�NRC�) report. The Inter governmental Panel on Climate 
Change (�IPCC�) was established by the United Natio ns Environment Program and World 
Meteorological Organization in 1988.  About every five to six years, the IPCC produces an 
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assessment on all aspects of climate change.  The most recent report was released in 
2001 (the TAR), and the next one is due in 2007.  Approximately 600 scientists from 
around the world contributed to the latest report on the scientific basis of climate change 
and additional scientists reviewed it. Some of the major conclusions include: 1) �There is 
new and stronger evidence that most of the warming observed over the last 50 years is 
attributable to human activities.� 2) it is likely the 1990s was the warmest decade in the 
past 1000 years, 3) by 2100, the global average temperature will have increased 1.4 to 
5.8oC, and 4) by 2100, global mean sea level will have risen 0.09 to 0.88 m.  
 
The TAR was a detailed analysis of the latest scientific information on climate science and 
had widespread participation by scientific experts in most relevant subject areas.  
However, most of the authors wrote only small sections of the voluminous report and only 
had a say in the content of their small sections. The Summary for Policymakers, which is 
what is most often cited, was written by a small number of government-appointed 
scientists, some of whom were responsible to political management.  Authors of the 
technical reports had no say in the content of the Summary for Policymakers. 
Consequently, the TAR and the IPCC�s previous reports do not represent a consensus of 
all the scientists involved in the process. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  The Summary for Policymakers 
(SPM) in the IPCC Third Assessment Report (TAR) was not written by a �small number of 
government-appointed scientists�. A total of 59 authors of the IPCC TAR are listed as SPM 
signatories. The TAR SPM notes that additional contributions to the SPM were made by 
many TAR authors and reviewers. The majority of SPM authors were not �government-
appointed scientists�. While each scientist could only author a section of the entire report, 
all of the TAR authors and many additional external reviewers were allowed to critique and 
suggest revisions � both of the SPM and the underly ing scientific chapters on which it was 
based � during the multiple stages of review. Many authors of the underlying chapters and 
technical summary were directly involved in the SPM, and all TAR lead authors were 
encouraged to review it. Consequently the SPM does represent the view of TAR authors 
and reviewers.  
 
23. Comment: The 2001 NRC report, �Climate Change Science - An Analysis of Some 
Key Questions� was commissioned by President Bush in 2001 to address 14 key 
questions. Normally a NRC review takes a few years to complete. This review was 
completed in about three weeks. The composition of the NRC committee was balanced 
with experts in most of the climate-related disciplines and the committee produced an 
objective assessment that highlights the uncertainties of the science. The body of the 
report does not state unequivocally that man-made emissions are causing the surface 
temperature to rise. Such a statement only appears in the four-page summary. It is 
obvious that the full committee did not review the summary. Consequently, the summary 
does not represent a consensus of the full committee who wrote the body of the report. 
(Declaration of Jon M. Heuss) 
 
Agency Response:  The comment suggests that the summary of the 2001 NRC �Climate 
Change Science� report was not reviewed by the full NRC committee. This is incorrect.  
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The NRC requires that all committee members sign off on the publication of the entire 
report, including the summary. 
 
24. Comment: The first IPCC assessment (IPCC, 1990) contained two schematic 
diagrams (Figure 7.1 b & c) depicting global temperature variations derived from proxy 
temperature measures for the last 10,000 years. This is reproduced in my Declaration as 
Figure 1. What this shows is that there was a period called the Holocene maximum 5,000 
to 6,000 years ago that was the warmest in the last 10,000 years. In addition, it shows 
another period warmer than today called the Medieval warm period about 1200 AD. That 
was followed by a colder period, the Little Ice Age, that lasted until the 1800s. The 
temperatures then recovered from the Little Ice Age throughout the 20th century. 
Subsequent studies, such as Keigwin (1996) (Figure 2), Huang and Pollack (1997) and 
Tyson et al. (2000), reinforced this view of the temperature at many locations around the 
globe.  
 
The foregoing assessment was taken as the prevailing view of the past global temperature 
history, until a paper was published in 1999 by Mann et al. (1999) that received the 
attention of the TAR authors who reproduced it in the TAR as Figure 2.20, and reproduced 
here as Figure 3. Absent from this study was any evidence for the warmer Medieval warm 
period or the Little Ice Age. In this reconstruction, which became known as the "hockey 
stick," the present temperatures are the warmest of the record. The TAR authors 
dismissed the Medieval warm period and the Little Ice Age as local European events and 
adopted Mann’s reconstruction as representative of the globe as a whole.  Figure 2-2 in 
the ARB Staff Report is derived from Figure 2.20 and is the basis of the ARB’S claim that 
the present is the warmest in the last 1,000 years. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  For context, the staff report 
provides a primer on climate change science.  It is not intended to be a comprehensive 
treatment of the issue.  Science is an inherently dynamic endeavor. We obtain new 
information, learn from that new data, and sometimes modify previously-held theories. The 
�schematic diagrams� referred to by the commenter w ere estimates of global-scale 
temperature changes over the past 10,000 years. In 1990, at the time of publication of the 
first IPCC scientific assessment, the scientific community did not have rigorous 
quantitative estimates of how the average temperature of the Earth�s surface might have 
changed over the preceding 10 millennia. Professor Mike Mann and his colleagues 
provided such rigorous quantitative estimates in the late 1990s. They attempted to 
reconstruct hemispheric-scale changes in temperature from a variety of natural archives or 
�climate proxy� indicators, such as tree rings, corals, ice cores and lake sediments. While 
previous work had focused on individual indicators, Mann�s research used rigorous 
statistical methods to synthesize the information from many different types of proxy record, 
at dozens of different locations. Due to the paucity of data in the Southern Hemisphere, 
recent studies have emphasized the reconstruction of Northern Hemisphere (NH) mean, 
rather than global mean temperatures over roughly the past 1000 years. 
 
The term �Hockey Stick� was coined by the former he ad of NOAA�s Geophysical Fluid 
Dynamics Laboratory, Jerry Mahlman, to describe the pattern common to numerous proxy 
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and model-based estimates of Northern Hemisphere mean temperature changes over the 
past millennium. This pattern includes a long-term cooling trend from the so-called 
�Medieval Warm Period� (broadly speaking, the 10th- mid 14th centuries) through the �Little 
Ice Age� (broadly speaking, the mid 15th-19th centuries), followed by a rapid warming 
during the 20th century that culminates in anomalous late 20th century warmth.  
 
Estimates of Northern Hemisphere average temperature changes from climate model 
simulations employing estimates of long-term natural (e.g., volcanic and solar) and 
modern anthropogenic (greenhouse gas and sulphate aerosol) radiative forcings of climate 
agree well, in large part, with the empirical, proxy-based reconstructions. One notable 
exception is a study by von Storch et al. (2004) that makes use of a dramatically larger 
estimate of past natural (solar and volcanic) radiative forcing than is accepted in most 
studies, and exhibits greater variability than other models. Yet even this simulation points 
towards unprecedented warmth of the late 20th century. The general message from such 
modeling work is that the anomalous late 20th century warmth cannot be explained 
without including major contributions from anthropogenic forcing factors, and, in particular, 
modern greenhouse gas concentration increases.  
 
Despite current uncertainties in empirical and model-based estimates of climate changes 
in past centuries, it nonetheless remains a widespread view among paleoclimate 
researchers that late 20th century hemispheric-scale warmth is anomalous in a long-term 
(at least millennial) context, and that anthropogenic factors likely play an important role in 
explaining the anomalous recent warmth. 
 
25. Comment: Since the TAR was published in 2001, there have been numerous 
papers that have appeared in the scientific literature showing evidence that the Medieval 
Warm Period and the Little Ice Age were indeed global events. These new studies, as well 
as some older ones have recently been summarized in two papers by Soon and Baliunias 
(2003) and Soon et al., (2003).  They compiled all of the data from over 130 proxy 
measurement studies and asked three questions: 1) Is there an objectively discernable 
climatic anomaly during the Medieval Warm Period (800-1300)? 2) Is there an objectively 
discernable climatic anomaly during the Little Ice Age (1300-1900)? 3) Is there an 
objectively discernable climatic anomaly during the 20th century that is the warmest on 
record? The authors define anomaly as a period of more than 50 years of sustained 
warmth/cold or wet/dry during the interval. The answers to these three questions are 
displayed in Figures 4-6. The overwhelming majority of the studies indicate that the 
Medieval Warm Period and the Little Ice Age were global events and that the Medieval 
Warm Period was warmer than present day. (Declaration of Jon M. Heuss). 
 

Agency Response:  Staff disagrees with the comment.  In support of his contention that 
�the Medieval Warm Period and the Little Ice Age were global events and that the 
Medieval Warm Period was warmer than present day,� the commenter cites papers by 
astronomer Willie Soon and coauthors (Soon and Baliunas, 2003). These papers have 
been soundly rejected in the peer-reviewed scientific literature, most recently by a dozen 
leading climate scientists (Mann et al., 2003).  The research of Soon and colleagues fails 
to recognize the important distinction between regional temperature changes and changes 
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in global- or hemispheric-mean temperature. Specific periods of cold and warmth differ 
from region-to-region over the globe (Jones and Mann, 2004). Changes in atmospheric 
circulation over time often exhibit a wave-like character, ensuring that certain regions tend 
to warm while other regions cool. To obtain truly representative estimates of global or 
hemispheric-mean temperature, it is necessary to calculate average temperature changes 
over a sufficiently large number of distinct regions. The temperature changes in a single 
small region are not a useful �yardstick� for judgi ng whether the warmth of the late 20th 
Century is unusual. Thus, the identification of a period of true global or hemispheric 
warmth requires that warm anomalies in different regions should be synchronous, and not 
merely occur within a very broad interval in time, such as AD 800-1300 (as in Soon and 
Baliunas, 2003).  

As noted in the response to comment 24, the general finding of many different 
reconstructions of global- and hemispheric-scale temperature changes (not simply those 
of Prof. Mann and colleagues) is that the warmth during the second half of the 20th 
Century is indeed unusual, even in the context of the Medieval Warm Period. The 
temperature �reconstructions� of Soon and colleague s are the scientific outliers � not the 
reconstructions of Mann et al.3  
 
The figure reproduced below (Mann et al., 2003) shows eight different reconstructions of 
Northern Hemisphere temperature variations over the past 1-2 millennia. These 
reconstructions have been produced by at least four different research groups. The purple 
and grey "envelopes" are an attempt to place uncertainty bars on two of these eight 
reconstructions. The instrumental record of surface air temperature changes over 1856 to 
2000 is also shown (the red curve), as are results from four climate model simulations, in 
which different computer models are driven by estimated changes in natural and human-
caused climate forcings. 
 
The clear message from this picture is that the Mann et al. reconstruction is not 
fundamentally different from other reconstructions. All eight reconstructions illustrate that 
the Northern Hemisphere warmth of the second half of the 20th century is unusual in the 
context of our best current understanding of temperature changes over the past 1-2 
millennia. The model simulations substantiate this result. 
 
The Mann et al. temperature reconstruction has been rigorously scrutinized by the 
scientific community. A number of research groups around the world have independently 
produced millennial-timescale temperature reconstructions. These groups have used 
different input data and different statistical methods to generate their reconstructions. 
While there are differences in the details of these reconstructions (such as the size of their 
temperature variability), all concur in showing that the warmth of the Northern Hemisphere 

                                            
3Another problem with the work of Soon and collaborators is their focus on the average warmth of the 20th Century. It is 
not the average 20th Century warmth, but the magnitude of warming during the 20th Century, and the level of warmth 
observed during the past few decades, which appear to be anomalous in a long-term context. Studies such as those of 
Soon and Baliunas (2003) which consider only average �20th Century� conditions, are incapable of resolving trends in 
recent decades, and cannot meaningfully address the question of whether late 20th Century warmth is anomalous in a 
long-term and large-scale context. 
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in the second half of the 20th century is indeed unusual, and was not rivaled by the 
warmth of the Medieval Warm Period. 
 

 
 
26. Comment: In an earlier paper, Mann et al. (1998) presented a temperature 
reconstruction from 1400 to 1980. The Mann et al. (1999), which was reproduced in the 
TAR, simply extended the record back to 1000 AD. Recently, McIntyre and McKitrick 
(2003) obtained the data used by Mann et al. (1998) and attempted to reproduce the Mann 
et al. (1998) temperature reconstruction. Instead they found the following: collation errors, 
unjustifiable truncation of data, unjustifiable extrapolations, obsolete data, geographical 
location errors, incorrect calculation of principal components, and other quality control 
defects. After they made the appropriate corrections, they recalculated the proxy 
temperature record and plotted it along with Mann et al.’s (1998) original line. This is 
shown in Figure 7. The corrected line indicates that there were periods in the 11th century 
that were warmer then the present. Details of the McIntyre and McKitrick reanalysis are 
documented at: http://wwv.uoguelph.ca/~rmckitri/research/trc.html. (Declaration of Jon M. 
Heuss). 
 
Agency Response:  Staff disagrees with the comment.  The comment, citing work by 
McIntyre and McKitrick (2003), suggests that there are errors in the Mann et al. (1998, 
1999) analyses, and that these putative errors compromise the �hockey stick� shape of 
hemispheric surface temperature reconstructions. The claims of McIntyre and McKitrick do 
not hold up under scientific scrutiny, and are now in the process of being rebutted in the 
peer-reviewed scientific literature (see, e.g., Rutherford et al., 2005).  A key aspect of 
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McIntyre and McKitrick�s criticism relates to a statistical technique known as Principal 
Components Analysis (PCA). This technique is commonly used in studies of modeled and 
observed climate data. McIntyre and McKitrick claim that Mann et al. made a very basic 
error in their PCA, and allege that this mistake fundamentally biases the results that Mann 
et al. obtained. In fact, the �mistake� that McIntyre an d McKitrick identify (failure to remove 
the time-mean of the entire dataset prior to performing PCA) is not a mistake at all, but a 
specific and scientifically-justifiable choice.  

Mike Mann and colleagues have noted that the main features of their temperature 
reconstruction are robust to a variety of different processing options, including: 

(1) The elimination of any proxy data which were �infilled� in the original analysis,  

(2) Whether the reconstruction is produced with PCA, or an entirely different statistical 
technique.4 

The putative �correction� to the Mann et al. �hockey stick� by McIntyre and McKitrick, which 
argues for anomalous 15th century warmth (in contradiction to all other known 
reconstructions; see response to First Declaration of Jon M. Heuss, comment 24) is an 
artifact of the censoring by the authors of key proxy data in the original Mann et al. (1998) 
dataset. Unlike the original Mann et al. (1998) reconstruction, the so-called �correction� by 
McIntyre and McKitrick fails statistical verification exercises, rendering it statistically 
meaningless. 

 
27. Comment: As indicated in Figure 2-1 of the Staff Report, CO2 emissions are rising 
in response to man-made emissions. The data and references in the Staff Report do not, 
however, establish with certainty whether those increased concentrations are producing a 
measurable increase in global temperatures. A few years ago, Figure 8 (Figure 2.22 in the 
TAR), which depicts the temperatures and the CO2, and methane concentrations for the 
last 400,000 years obtained from ice cores from Antarctica, was used to demonstrate the 
cause and effect relationship between increased carbon dioxide and methane gases and 
temperature. However, more recent studies that had better temporal resolution showed 
that the temperature changes preceded the changes in the concentrations of CO2 by 
several hundred to a thousand years (Fisher et al., 1999, Caillon et al., 2003). There is 
now some consideration of the possibility that the increased temperatures caused marine 
and terrestrial sinks to outgas CO2. Consequently, Figure 8 can no longer be used to 
demonstrate that temperature responds to changes in CO2 concentrations. (Declaration of 
Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  The comment refers to the famous 
Vostok ice core data from Antarctica, showing that CO2 and temperature have varied 
hand-in-hand over the past 400,000 years. The commenter claims that these data were 

                                            
4Rutherford et al. (2004) demonstrate nearly identical results to those of Mann et al. (1998), using the same proxy 
dataset as Mann et al., but addressing the issues of infilled/missing data raised by Mcintyre and McKitrick, and using an 
alternative climate field reconstruction (CFR) methodology that does not use PCA to represent proxy data networks.  
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used in the TAR to demonstrate a �cause and effect relationship,� and that this no longer 
holds in the light of new data showing CO2 lagging behind Antarctic temperature. 
 
Both claims are incorrect. The TAR specifically discusses this time lag, and cites the 
Fischer et al. (1999) reference mentioned by the commenter right next to its Figure 2.22. 
The TAR concludes the relevant paragraph with the following statement: �This is 
consistent with a significant contribution of these greenhouse gases to the glacial-
interglacial changes by amplifying the initial orbital forcing (Petit et al., 1999).� 
 
In other words, climatologists have never considered CO2 as the cause of the glacial-
interglacial temperature variations, but rather as an amplifying feedback. In this feedback 
loop, temperature affects CO2 and CO2 in turn affects temperature. This role as a 
feedback is not called into question by the time lag � to the contrary, such a time lag is 
entirely consistent with theory, and was expected before it could be measured. The 
authors of the new, more accurate measurement of this time have emphasized that their 
result in no way argues against the role of CO2 as a greenhouse gas. 
 
Data from glacial times are by no means the only or most important evidence 
demonstrating an effect of CO2 on temperature (which was first established by Arrhenius 
in 1896), but they do provide additional evidence for it. Computer models are now able to 
simulate a realistic ice age climate, but only if they take the effect of CO2 on temperature 
into account. A number of studies have explicitly estimated the �climate sensitivity� using 
data from the last glacial including the researchers who drilled the Vostok ice core. The 
results are consistent with the accepted IPCC range of 1.5-4.5 ”C, and thus provide 
independent support for this range. 
 
28. Comment: Nevertheless, it is clear that global surface temperatures and CO2 
concentrations are currently rising together. Figure 9 indicates that the average global 
surface temperature has risen about 0.6oC (1.1oF) over the past 100 years. This is close to 
the rise of 0.7oF that has been estimated by the Staff Report. This rise cannot be 
unequivocally attributed to increased concentrations of greenhouse gases for a number of 
reasons. About half of the global surface temperature increase occurred prior to 1940, 
before the increased CO2 concentrations would have been a factor. Consequently, it is 
widely accepted that this increase was due to natural variability. From 1940 to about 1970, 
the temperatures actually decreased about 0.4oF. There is no consensus as to the cause 
of this decrease, especially in light of the fact that CO2 concentrations were rising. After 
1970, the increasing temperature trend resumed, and between 1970 and 2000 exhibited 
an increase of roughly the same magnitude as was observed from 1900 to 1940. Since the 
increase in both of these periods is similar, natural variability cannot be ruled out. In 
addition, since the earth has been warmer than now during at least two to three other 
times in the past 10,000 years, natural variability cannot be dismissed. (Declaration of Jon 
M. Heuss) 
 
Agency Response:  As correctly noted by the commenter, the curve describing the 
estimated changes in Earth�s global-scale surface temperature over the 20th century is 
complex. It is not simply a monotonic trend. The commenter has accurately summarized 
the salient features of this curve: an initial warming (from roughly 1900 to 1940), a period 
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of little net change (from 1940 to 1970), and strong recent warming (from roughly 1970 to 
present). The commenter then compares this complex time series of surface temperature 
changes with the famous �Keeling curve� of graduall y increasing atmospheric CO2 
concentrations over the 20th century. Finally, the commenter incorrectly assumes that 
since there is not a direct one-to-one correspondence between the CO2 changes and the 
temperature changes (e.g., the cessation of warming between 1940 and 1970 is occurring 
while atmospheric CO2 levels are increasing), CO2 is unlikely to be the primary driver of 
these temperature changes. The implication of the comment is that natural climate 
variability provides a more plausible explanation of the historical surface temperature 
record.  
 
The problem with this simplistic interpretation is the implicit assumption that CO2 is the 
only human factor influencing climate. This assumption is clearly wrong. It has 
conclusively been demonstrated that other anthropogenic factors have also influenced the 
surface temperature record. Over the last 100 years, there have been important changes 
in sulfate and soot aerosol particles, tropospheric and stratospheric ozone, land surface 
properties, etc. (Ramaswamy et al., 2001). These are all examples of human-caused 
�climate forcings�. Not all of these forcings are e xpected to yield warming.  Additionally, 
there have been changes in purely natural climate forcings, such as the Sun�s energy 
output, and the amount of volcanic dust in the atmosphere. Each of these human and 
natural forcings shows complex changes over space and time, and thus we expect climate 
to change in a complex way, and not in a neat, linear fashion.  
 
So-called �detection and attribution� (D&A) studies  seek to disentangle these complex 
human and natural influences on climate. This is a challenging statistical problem. D&A 
research relies on the fact that different forcings have different characteristic �fingerprints� 
of climate change. For example, increasing the Sun�s energy output tends to warm the 
entire atmosphere, while increasing CO2 warms the troposphere, but cools the 
stratosphere (Hansen et al., 1997, 2002). Many different D&A studies have attempted to 
quantify how much each climate forcing has contributed to observed surface temperature 
change, and how these contributions have evolved over time (see, e.g., Hegerl et al., 
1997; Tett et al., 1999; Stott et al., 2000; Mitchell et al., 2001, and references therein).  
 
There are several �red threads� running through thi s large body of D&A research: 1) 
Natural factors alone cannot explain the rapid increase in Earth�s surface temperature 
since 1970, or over the second half of the 20th century; 2) Increasing greenhouse gases 
are the main contributor to this late-20th century temperature increase; 3) The greenhouse 
gas climate-change �signal� is robustly identifiabl e in virtually all D&A studies; 4) A sulfate 
aerosol cooling signal, which has partly offset the greenhouse gas warming, is also 
identifiable in observed temperature change records, and may well have contributed to the 
cessation of warming between 1940 and 1970; 5) The causes of the warming between 
1900 and 1940 are more ambiguous. 
 
The final issue raised by the comment relates to the role played by �unforced� variability of 
the climate system (also referred to as �climate noise�). This variability is unrelated to 
changes in external forcings, such as the concentration of greenhouse gases, or the Sun�s 
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energy output. It encompasses variability �internal� to the climate system, such as that 
caused by El Niæo, or the North Atlantic Oscillation. We rely on both models and 
observations for estimates of this variability. D&A studies rigorously test whether such 
natural �noise� could explain observed temperature changes in surface temperature. The 
bottom-line conclusion of this work is that natural variability cannot explain the late-20th 
century warming.  
 
29. Comment: There are also several other reasons to question whether the global 
surface temperature record is an indicator of global climate change. Some of the reasons 
to question the surface temperature trends include the following: 1) there are a different 
number of stations each year, 2) stations have moved during record period, 3) stations are 
not distributed homogeneously, 4) equipment has changed over time, 5) local 
environments have changed over time, and 6) temperatures must be corrected for the 
urban heat island effect. The TAR estimates that the urban heat island effect only 
accounts for an increase of 0.06oC per century, which would only account for a negligible 
part of the observed global trend. (Declaration of Jon M. Heuss) 
 
Agency Response: The global surface temperature record is considered to be a reliable 
indicator of global climate change for several reasons including:  
 
• As the comment notes, the number of stations making surface temperature 

measurements varies from year-to-year and from decade-to-decade. The effect of such 
changes has been investigated in many different studies. These studies use spatial 
interpolation and area-averaging schemes that were designed to work well with 
networks of unevenly-distributed stations. Such interpolation and area-averaging 
approaches yield estimates of global-scale temperature that are relatively insensitive to 
changes in station numbers over time (Smith and Reynolds, 2005). 
 

• A wide variety of homogeneity adjustment techniques have been developed. These 
techniques are successful in identifying changes in station location, determining the 
artificial change in temperature caused by such moves, and adjusting the time series to 
account for them (Peterson et al., 1998; Aguilar et al., 2003). 
 

• A wide variety of homogeneity adjustment techniques have been developed to identify 
changes in temperature sensors, determine the artificial change in temperature caused 
by a change in equipment, and adjust the time series to account for such effects 
(Peterson et al., 1998; Aguilar et al., 2003). 
 

• Local changes in the station environment can create very subtle artificial changes in 
observed temperature records. Homogeneity adjustment techniques may identify some 
of these as step function changes, and thus account for the largest impact.  But if 
station environment changes are widespread and systematic, they may indeed have an 
impact on the temperature record. There are two competing types of change occurring 
near observing sites. One can be thought of as �urbanization�. This may involve the 
building of new structures, or the paving of driveways (the latter may occur even at 
quite rural sites). The other type of change can be thought of as �ruralization,� of which 
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tree growth is an example. Trees not only provide some shade to the station 
environment, but also increase evapotranspiration, which likely cools temperatures, 
particularly during daytime. The approach currently used to minimize these influences 
is to use a subset of only the highest quality stations for analysis. This is routinely done 
in the U.S. with the U.S. Historical Climatology Network (Easterling et al., 1996). 

 
• Recent investigations have confirmed earlier research findings that the urban heat 

island impact on global temperature values is very small (Jones et al., 1990; Peterson 
et al., 1999; Peterson, 2003; Parker, 2004). 
 

• Global temperature values are heavily weighted to Sea Surface Temperatures (SST), 
since 70% of the world is ocean and SSTs are not impacted by urbanization. 
 

• Strong independent support for warming of the Earth�s surface is provided by 
observations of widespread glacial retreat, later lake and river freeze up dates, earlier 
lake and river thaw dates, earlier blooming dates for plants, changing distributions of 
some bird species, etc.  
 

• There is close agreement between overall trends in independent analyses of land 
surface air temperature, sea surface temperature (SST) and night marine air 
temperature (NMAT). 
 

• The agreement between island and coastal land air temperature trends and those at 
the surface of the nearby ocean. 

 
30. Comment: The U.S. temperature record (Figure 10) is probably the most scrutinized 
and analyzed data set in the world. The trend for the U.S. is much less than for the globe, 
and since the 1930’s there is no trend at all (Hanson et al., 1989; PIantico et al., 1990; 
Hansen et al, 2001, LeLinson and Waple, 2004). There have also been a number of 
papers published recently that indicate that the urban effect is much larger. These include: 
Houston observing a +O.8oC increase from 1986 - 2000 (Streutker, 2003), a 
+O.O5oC/decade in southeast China cities (Zhou, 2004), three South Korean cities with a 
+0.35-0.50oC trend since 1980 (Choi et al., 2003), and in U.S. cities a +0.35o/century trend 
(Kalnay and Cal, 3003) has been observed. In addition two recent papers have found a 
positive correlation between the slope of an area�s temperature trend and local economic 
activity (de Laar and Maurellis. 2004; McKitrick and Michaels, 2004). Taken collectively, 
these studies suggest a degree of contamination due to this urban influence in the global 
temperature records that has not been accounted for. (Declaration of Jon M. Heuss). 
 
Agency Response: The U.S. national temperature was quite warm during the dustbowl era 
of the 1930s. Therefore, time series that start at a very warm time show less warming.  
Over 1930 to 2004, U.S. temperatures5 show a small trend of 0.04 ”F/decade. By 
comparison, starting at the earliest year available (1895), the trend is 0.10”F/decade. If 

                                            
5See U.S. Climate at a Glance: http://www.ncdc.noaa.gov/oa/climate/research/cag3/cag3.html.   



 37

one instead starts at the end of a cool era, the temperature trend can appear very large, 
such as the 1976 to 2004 trend of 0.56”F/decade.   
 
Urban heat island analysis is very difficult to do well because one has to separate out all 
the other potentially confounding effects such as changes (through time) or differences (in 
space) in instrumentation, latitude, coastal influences, elevation effects, etc. Also, when 
one looks at only one city, one has a basic problem that has been recognized since the 
1940s: some locations would naturally be warmer than other locations, even if they were 
all pristine rural area. Therefore, the best research is done not on a few stations in one or 
two cities, but on data from hundreds or thousands of stations that have undergone 
homogeneity testing and adjusting. Kalnay and Cai�s work, which is mentioned by the 
commenter, has already been formally rebutted in Nature (Vose et al., 2004), and did not 
use homogeneity-adjusted data.  Recent results using data from large numbers of stations 
(Jones et al. 1990; Peterson et al. 1999; Peterson 2003; Parker 2004) indicate that 
globally and in the U.S., urban heat island contamination in the surface temperature signal 
is small. The reason for this is likely to be that the local- and micro-scale influences around 
an urban station which is more likely to be located over cool grass in a park-like area 
rather than in the hot industrial section of town are stronger than the meso-scale urban 
heat island. 
 
The cited work of de Laar and Maurellis (2004) and McKitrick and Michaels (2004) is 
irrelevant to the issue of urban heat island effects. Temperatures are warming more in 
high latitudes than in the tropics. The economies of middle latitude countries are doing far 
better than the economies in the tropics. So one would expect economic progress to be 
correlated with temperature change, simply because of this latitudinal effect. The simplistic 
arguments of de Laar and Maurellis (2004) and McKitrick and Michaels (2004) ignore the 
evidence of temperature increases over the ocean which constitutes 70 percent of the 
Earth�s surface. These increases cannot be due to changes in local economic activity.   
 
31. Comment: There is another reason to question the ramifications of the global 
surface temperature record. Since 1979 to present there exist two other temperature data 
sets that show no significant trends. The first is the satellite measurements (Figure 11) in 
the troposphere from the Microwave Sounding Units (MSU) first reported by Spencer and 
Christy (1990). The second are the data obtained around the world from weather balloons 
(Hurrell et al., 2000 and Pielke et al., 1998). These data are highly correlated and suggest 
a lower troposphere (0 to 8 km) temperature trend of only 0.08oC per decade (Christy and 
Norris, 2004). In addition the MSU trend for the troposphere from 0 to 18 km is reduced to 
0.03 +/- 0.05oC per decade. This contrasts with the surface record that shows a slope of 
about 0.17oC per decade. (Declaration of Jon M. Heuss) 
 
Agency Response: The comment raises several points. First, it notes that surface and 
tropospheric temperatures have apparently warmed at different rates since 1979, with 
muted warming of the troposphere (as inferred from satellites) and strong warming of the 
surface (as inferred from the surface thermometer network). The commenter implies that 
this differential warming casts doubt on the reliability of the global surface temperature 
record, and therefore on the reality of surface warming. This is incorrect. The reality of 
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large-scale warming of the Earth�s surface has been confirmed in numerous studies, most 
recently by a U.S. National Academy Panel (NRC, 2000) and by the Intergovernmental 
Panel on Climate Change. Independent corroboration of recent surface warming is 
provided by increases in ocean heat content, by widespread glacial retreat, and by 
increases in tropospheric water vapor. It is difficult to understand how such pervasive 
changes could be occurring in the absence of surface warming. 
 
The commenter also suggests that the surface and troposphere should be warming at the 
same rates, and that if they are not, it must point towards an error in the surface data. 
This, too, is incorrect. There are good physical reasons why we do not expect surface and 
tropospheric temperatures to change at exactly the same rate, at all places and on all 
timescales. We know, for example, that during an El Niæo event, there is large-scale 
warming of sea-surface temperatures in the eastern equatorial Pacific. This surface 
warming stimulates convection, which leads to latent heat releases in the troposphere. 
The net effect is larger warming in the troposphere than at the surface. Similarly, large 
volcanic eruptions cause greater cooling in the troposphere than at the Earth�s surface 
(Santer et al., 2001). 
 
Finally, although the commenter mentions the muted warming in satellite- and weather 
balloon-based estimates of lower tropospheric temperature change, the comment fails to 
note that there are very large uncertainties associated with these estimates (NRC, 2000). 
In-homogeneities in the weather balloon data have been well documented by Lanzante et 
al. (2003) and Seidel et al. (2004), and are related to such factors as changes in 
temperature sensors, observing times and locations, etc. Adjusting the weather balloon 
data to account for such �non-climatic� changes is a difficult technical problem. Estimated 
temperature trends are sensitive to the assumptions that different groups make in 
adjusting for in-homogeneities (Seidel et al., 2004). The same applies to tropospheric 
temperature trends derived from the MSU instruments flown on Earth-orbiting satellites 
(see response to comment 32 below). The commenter also neglects to mention that over 
the entire period of weather balloon measurements (roughly the last 45 years), 
tropospheric temperature increases are larger than temperature increases at the surface. 
 
32. Comment: In order to generate temperature data from the MSU, algorithms for 
orbital decay and other adjustments need to be applied to the raw data. Christy et al. 
developed these and have refined them over time, but these refinements have not altered 
the observed trend in any significant way. In the past two years, three groups (Mears et 
al., 2003, Vinnikov and Grody, 2003 and Fu et al., 2004) have suggested alternative 
algorithms that resulted in a positive MSU temperature trend on the order of the surface 
temperature trends. In each case Christy has responded to point out the shortcomings of 
the alternative algorithms and show that only his algorithm produces a data set that agrees 
with the independent weather balloon data set (Christy and Norris. 2004). (Declaration of 
Jon M. Heuss) 
 
Agency Response: Satellite-based estimates of tropospheric temperature changes (from 
1979 to present) are obtained from MSU instruments that have flown on over a dozen 
satellites. These satellites have orbital drifts that affect the time of day at which they 
sample Earth�s daily temperature cycle, and the portion of the Earth�s atmosphere that 
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they �see� from space. In theory, MSU instruments a re engineered to be identical. In 
practice, however, each MSU instrument behaves somewhat differently in the hostile 
environment of space. It is a difficult and challenging technical problem to adjust �raw� 
MSU data for the complex effects of orbital drifts, instrument calibration drifts, and the 
biases between MSU instruments flown on different satellites. There are a large number of 
possible adjustment choices that an analyst can make in trying to splice together a 
homogenous temperature record from 12+ drifting satellites. These adjustment choices 
can influence the estimated temperature changes, as is clearly illustrated by the work of 
Mears et al. (2003) and Vinnikov and Grody (2003).  
 
It is incorrect to suggest that Christy et al. identified all of the adjustments that have been 
applied to MSU data. In fact, a significant problem with the MSU lower tropospheric 
temperature record (the so-called �falling satellite� effect, which relates to changes in the 
altitude of a satellite relative to Earth�s surface) was first identified by Wentz and Schabel 
(1998), and not by Christy and co-workers. The fact that major adjustments to the Christy 
et al. MSU records have failed to alter Christy et al.�s estimates of tropospheric 
temperature changes is viewed as a strength by the commenter, but would give many 
scientists pause for thought. 
 
John Christy and his colleagues have not identified �shortcomings� of the approach used 
by Mears et al. (2003). The differences between the tropospheric temperature-change 
estimates of Christy et al. (2003) and Mears et al. (2003) are primarily related to the two 
groups� different estimates of a single uncertain number related to the calibration of one 
specific MSU instrument. If anything, Mears et al. have shown that the number estimated 
by Christy et al. is unrealistically large. 
 
Finally, the commenter believes that we should place more confidence in the Christy et al. 
(2003) MSU-based estimate of tropospheric temperature changes, since this is the only 
�data set that agrees with the independent weather balloon data set�. The commenter 
implies that the weather balloon data are an unambiguous �gold standard� that the 
scientific community can use for evaluating the reliability of different satellite data sets. 
This is incorrect. Data on long-term atmospheric temperature changes gleaned from 
weather balloons are (like the satellite-estimated temperature changes) very sensitive to 
the specific processing choices that an analyst makes in adjusting for data in-
homogeneities. There is no weather balloon �gold standard�.  
 
Furthermore, it is worth pointing out that there have been at least five different versions of 
the Christy et al. MSU temperature data sets. These versions have evolved over time, as 
John Christy and colleagues, or other investigators (Wentz and Schabel, 1998) have 
identified specific problems with the satellite data. These different MSU versions have 
been compared with different subsets of weather balloon data � the same �gold standard� 
has not been applied to all versions of the Christy et al. MSU data. Many of the weather 
balloon records used by Christy et al. in their most recent work are highly limited in their 
spatial coverage, making them less than ideal for evaluating the relative reliability of the 
Mears et al. and Christy et al. versions of the MSU temperature data. 
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33. Comment: Very recently, two different groups (Chase et al., 2004 and Douglass et 
al., 2004) ran six different general circulation models (GCM) to study the dependence of 
predicted temperature trends on altitude in the troposphere. All six of the models gave 
similar results. They predicted a positive temperature trend that is larger for the 
troposphere than for the surface. As a result of this discrepancy, Chase et al. conclude 
that the models contain errors in tropospheric water-vapor content and therefore in total 
greenhouse-gas forcing, precipitable water and convectively forced large-scale 
circulations. They further state that such errors argue for extreme caution in applying 
results to future climate change assessment activities and to attribution studies, and the 
errors call into question the predictive ability of recent generation model simulations. 
(Declaration of Jon M. Heuss). 
 
Agency Response:  Staff disagrees with the comment.  Neither Chase et al. nor Douglass 
et al. �ran different general circulation models�. Both studies simply used results from 
existing GCM experiments. The Chase et al. study relied on model experiments that were 
performed over five years ago. These runs included estimated historical changes in well-
mixed greenhouse gases and sulfate aerosol particles. They neglected climate forcings 
that are now known to have had important effects on recent atmospheric temperature 
changes, such as stratospheric ozone depletion and volcanic aerosols (see Ramaswamy 
et al., 2001; Hansen et al., 2002). There is considerable evidence that these neglected 
forcings may have cooled the troposphere by more than the surface over the last several 
decades (Santer et al., 2001; Free and Angell, 2002). Thus, Chase et al. did not make use 
of model simulations that incorporate the current understanding of the major �forcings� that 
have influenced observed tropospheric temperature changes. This is a serious deficiency. 
When such newer model runs are compared with observations, and uncertainties in the 
observations are properly accounted for, it is found that levels of model-data agreement 
are critically sensitive to the choice of observational dataset (Santer et al., 2003). The 
Chase et al. and Douglass et al. papers cited by the commenter did not account for 
observational uncertainty, nor did they rigorously assess the statistical significance of 
model-data differences. In contrast, a number of rigorous statistical studies have identified 
model-predicted �fingerprints� of human-induced tro pospheric temperature change in 
observed satellite data (Santer et al., 2003) and in observed weather balloon records (Tett 
et al., 1996; Thorne et al., 2002, 2003; Jones et al., 2003).   

 
34. Comment: In summary, there are legitimate questions regarding the reasons for the 
observed temperature trends. If it is due to global greenhouse gas emissions, then there 
should be an even faster warming of the troposphere. The fact that warming is not 
observed in the troposphere calls into question the ability of the present generation of 
GCMs to predict future climate scenarios. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  Observational uncertainty is large, 
both in weather balloon (Lanzante et al., 2003) and in satellite-based estimates of 
tropospheric temperature change (Mears et al., 2003; Vinnikov and Grody, 2003). While 
the Christy et al. analysis of MSU data shows limited warming of the troposphere since 
1979, the Mears et al. and Vinnikov and Grody analyses of the same raw MSU data both 
indicate pronounced warming of the troposphere over the past two and a half decades. 
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This observational uncertainty has important implications for our ability to evaluate climate 
models. Model simulations of the expected tropospheric temperature changes due to 
combined anthropogenic and natural effects are consistent with the Mears et al. MSU 
data, but not with the Christy et al. results (see Santer et al., 2003). The commenter 
ignores uncertainties in the satellite observations. Furthermore, the commenter implies 
that human-caused changes in greenhouse gas are the only influence on climate. This is 
incorrect. It is inarguable that other climate forcings (e.g., stratospheric ozone depletion, 
explosive volcanic eruptions) have also operated over the satellite era, and have had 
important effects on tropospheric temperatures (NRC, 2000; Hansen et al., 1997; 2002). 
 
The additional heat that the planet has acquired as a result of greenhouse warming is 
partitioned between various �storage cells�: e.g., ice sheets, glaciers, ice melting, and the 
oceans.  About 90% of the additional heat has appeared in the oceans, the hub of the 
planetary climate system, due to their high heat capacity.  That is where the greenhouse 
warming signal should be most apparent - not in the atmosphere, which has 1,000 times 
less heat capacity.  In this regard, it is remarkable that the warming signal has been 
rigorously detected in the atmosphere (Santer et al., 1996; Tett et al., 1996; Santer et al., 
2003; Thorne et al., 2003). 
 
Previous (Barnett et al., 2001) and current studies have investigated the net warming of 
the oceans over the last 40 years. The observed increase in heat content in all ocean 
basins is almost exactly what is predicted by anthropogenically-forced climate models from 
both the US and Europe. It has been clearly shown that the observed ocean signal cannot 
be due to natural variability, nor can it be due to external forcing (solar and volcanic). The 
detection of this model-predicted signal has a huge statistical significance, e.g., it is in the 
range of 5-10 standard deviations. By the same token, the noise levels of natural variability 
produced by the models are approximately the same as observed, again lending support 
to the models� accuracy. There is no doubt that the model-predicted warming signal has 
been observed from the oceans� surface to a depth of at least 700m. This fact, plus the 
earlier detection in the atmosphere (Santer et al., 1996; Tett et al., 1996; Santer et al., 
2003; Thorne et al., 2003) leaves little doubt as to the current existence of the greenhouse 
signal in the environment.  The proof of the models’ ability to produce the observed signal 
in both ocean and atmosphere means that their predicted changes over the next 20-30 
years are apt to be accurate.  
 
35. Comment: As noted in the previous section of this Declaration, GCMs are unable to 
reproduce the observed vertical temperature structure and this raises fundamental 
questions about their predictive ability. However, even those who believe that the model 
predictions have some value, caution against using them to make regional predictions. To 
its credit, the ARB does not rely on regional modeling predictions to make their case for 
possible future warming. However, a recent paper by Hayhoe et al. (2004) does look at 
regional and local results for not only temperatures, but for incidence of heat waves, 
precipitation, snowpack, and runoff as well. They use two GCMs, the Parallel Climate 
Model (PCM) and the U.K. Hadley Centre Climate Model (HadCM3), and run them out to 
2100. (Declaration of Jon M. Heuss) 
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Agency Response:  Staff disagrees with the comment.  The commenter incorrectly claims 
that �GCMs are unable to reproduce the observed vertical temperature structure�. In fact, 
GCMs have successfully reproduced observed changes in atmospheric temperature 
profiles (see, e.g., Santer et al., 1996; Tett et al., 1996; Thorne et al., 2002, 2003; Jones et 
al., 2003). Such model-data comparisons rely on weather balloon data for information 
about observed changes in atmospheric temperature. For example,  weather balloons 
show tropospheric warming and stratospheric cooling over the past 45 years, in accord 
with climate model predictions. The apparent discrepancy between modeled and observed 
temperature changes is over the satellite era only. This �discrepancy� is restricted to the 
troposphere, and is highly sensitive to uncertainties in observed satellite data. If the Mears 
et al. version of the MSU tropospheric temperature data is used, model and observational 
estimates of atmospheric temperature change are reconciled. 
 
The commenter suggests that climate models have little or no predictive power at regional 
scales. This is incorrect in that climate models are continually being improved; simulation 
of regional features (regional being defined as areas the size of several states) of climate 
in recent models is better than in previous versions.  For example, the PCM mentioned by 
the commenter has been shown to accurately simulate regional aspects of heat waves 
and frost days in the latter part of the 20th century (Meehl et al., 2004; Meehl and Tebaldi, 
2004). Evaluating a GCM�s ability to simulate such second order aspects of climate, such 
as extremes associated with heat waves and frost days, is relatively new in the climate 
science field. The results show that the models do a surprisingly good job of simulating 
such phenomena on regional scales. This builds confidence that these models can provide 
useful and relevant information regarding changes of these phenomena in the future. 
 
Furthermore, several recent �fingerprint� detection  studies have compared modeled and 
observed surface temperature changes at continental and sub-continental scales (Stott, 
2003; Zwiers and Zhang, 2003). This work finds convincing statistical evidence of a human 
�fingerprint� (primarily due to human-caused change s in greenhouse-gases and sulfate 
aerosols) in observed surface temperature records. This illustrates that models have some 
skill in simulation of regional-scale temperature changes. 
 
The Hayhoe et al. study cited by the commenter started with low-resolution, global GCMs, 
and then derived local information from these models using a standard technique called 
statistical downscaling.  Numerous studies have shown this technique to be effective in 
deriving such small-scale information from the global models. However, this information is 
only as good as the global model simulations, and this is why it is important to note that 
recent studies (such as the above-mentioned investigations of heat waves and frost days) 
show the current generation of global models is doing a credible job in simulating such 
regional-scale features. 
 
36. Comment: One of the main reasons one should not consider using a GCM for 
regional and local planning purposes is their poor spatial resolution. In a GCM, the world is 
divided up into grid boxes and the meteorological variables as well as topographical and 
hydrogeological features are averages within the box. In the PCM, the grid boxes are 
approximately 200 miles by 150 miles (latitude x longitude) in size while the HadCM3 has 
175 by 200 miles grid boxes (IPCC, 2001). Since California is approximately 700 miles 
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long and 250 miles wide, the minimum number of grid boxes in the state would be 1.25 by 
4.7 (PCM) and 1.4 by 3.5 (HadCM3). In practice, however, the number of grid boxes would 
be larger since California does not run directly north to south, and it is unlikely the side of 
the grid boxes would adhere to the state boundaries. Nevertheless, there would only be a 
handful of grid boxes representing all of California, and this creates a serious problem 
because of California�s rugged terrain. It is clearly possible that one grid box could contain 
parts of the Sierra Nevada�s and part of the Pacific Ocean. The significance of the mean 
elevation that would be calculated as input for that box, the significance of the average 
temperature computed for that box, and the significance of the average precipitation level 
in that box have not been frilly (sic) considered or explained in the Staff Report or in the 
references included in the Staff Report. As a result, extrapolations that provide detailed 
estimates of future temperatures, precipitation, and snow-pack and river runoff have 
unknown credibility. (Declaration of Jon M. Heuss). 
 
Agency Response: The commenter would have a point if low-resolution GCMs were the 
only tools used to understand future climate change. However, this is not the case.  In the 
case of California, studies seeking to assess the potential impacts of climate change have 
used either high resolution regional models or statistical �downscaling� techniques. This 
enables researchers to bring the low-resolution global model results down to highly local 
scales (e.g., to �grid boxes� of 12 × 12 km, rather than the 2 00 × 150 mile grid boxes 
mentioned by the commenter).  At the smaller spatial scales of the downscaled data, the 
major orographic features in California (the Sierra Nevada) are much better resolved, and 
their impacts on weather and climate are more reliably represented. The results of the 
most comprehensive study to date, performed for the western U.S., shows the region with 
insufficient water to meet today’s mandates, let alone those of a region with higher 
population than present. (Pennell and Barnett, 2004).  It is these high resolution studies 
that give the necessary detail about temperature, snow pack, etc. required to estimate 
future changes in future stream flow and water availability.  
 
37. Comment: The IPCC and ARB promote a particular reconstruction of climate 
history, popularly known as the �hockey stick,� 1 as their chief exhibit in support of 
regulatory climate policy. When plotted as a graph, the data in this reconstruction form a 
relatively flat line from 1000 A.D. to 1900 A.D. (the handle of the hockey stick) and a 
sharply upward curving line during the past 100 years (the blade of the hockey stick).  The 
reconstruction allegedly proves that the 20th Century was the warmest century of the past 
millennium and the 1990s the warmest decade on record. 
 
However, the most comprehensive review of the climate reconstruction literature found 79 
studies that show �periods of at least 50 years which were warmer than any 50 year period 
in the 20th century.�  Another study finds that the hockey stick �contains collation errors, 
unjustifiable truncation or extrapolation of source data, obsolete data, geographical 
location errors, incorrect calculation of principal components and other quality control 
defects.�  Temperature data going back 420,000 years, derived from the Vostok ice core in 
East Antarctica, indicate that all four interglacial periods prior to the one in which we now 
live were warmer than the present one by 2OC or more.5  Claims that the late 20th Century 
warming was unprecedented, outside the range of natural variability, and therefore cause 
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for alarm, are controversial, not �settled� science . (Competitive Enterprise Institute, 
9/21/04) 
 
Agency Response:  Staff disagrees with the comment.  Please see the response to 
comments 24 and 25. 
 
38. Comment: A satellite study of the Houston, Texas, urban heat island (UHI) finds 
that in just 12 years, a 30 percent increase in population added 0.82OC to Houston�s UHI6 
� more than the IPCC calculates global temperatures  rose over the entire past century, 
when the earth�s population grew by some 280 percent.  Another study estimates that 
urbanization and land-use changes account for 0.27OC or about one-third or average U.S. 
surface warming during the past century � at least twice as high as previous estimates.  
Still another finds �strong observational evidence that the degree of industrialization is 
correlated with surface temperature,� leading the authors to conclude that �the observed 
surface temperature changes might be a result of local surface heating processes and not 
related to radiative greenhouse gas forcing.�  The heat effects from urbanization and land-
use changes are larger than the IPCC assumed, and have not been adequately corrected 
in 20th Century surface temperature records. (Competitive Enterprise Institute, 9/21/04) 
 
Agency Response: When trees or grass are replaced by asphalt or buildings, the 
temperature of the surface will increase due to changes in albedo, transport of heat from 
the surface layer to subsurface layers, and especially latent heat released by 
evapotranspiration. Satellites see the skin temperature. It is quite likely that areas in 
Houston that went from grass to paved roads or building roofs warmed over the past 12 
years. But in situ weather observing stations in the U.S. are not sited on roofs or on 
highway intersections. Examining the UHI using a radiosonde mounted to a car, Klysik and 
Fortuniak (1999) found the permanent existence of heat cells during the night, with 
housing estates on the outskirts of the city distinguishing themselves very sharply from the 
surroundings in terms of thermal structure. Open areas (gardens, parks, railway yards, 
etc.) were sharply separated regions of cold air.  The thermal contrast (in other words, the 
horizontal gradient of temperature) at the border between the housing estates and the 
fields covered with snow reached several degrees centigrade per 100 meters. So it is 
entirely consistent to have satellite observations of a city as a whole warm considerably, 
while little or no impact is observed at in situ weather stations located in park cool islands. 
 
Examination of temperature trends for global rural stations versus the full data set found 
no difference (Peterson et al., 1999).  Comparison of hundreds of U.S. rural and urban 
stations found that the urban heat island effect on U.S. temperatures was miniscule 
(Peterson, 2003).  Comparison of trends at urban stations on both windy days (when 
urban heat islands should be minimized) and calm days (when urban heat islands should 
be enhanced) showed no significant difference (Parker, 2004).  This is compelling 
evidence that increased urbanization is not significantly impacting in situ climate 
observations.  Regarding the claimed links between the degree of industrialization and 
surface temperature, see response to comment 30.   
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39. Comment: The ARB Staff Report acknowledges that �In California the less 
populated and rural areas have shown the lowest average rate of temperature increase.�  
ARB should also have noted that several weather stations in less populated and rural 
areas show a cooling trend in the 1990s, allegedly the warmest decade of the past 
millennium.  Stations where cooling occurred include Berkeley, Chico, Colfax, Death 
Valley, Fort Bragg, Fresno, Lake Spalding, Lemon Cove, Lodi, Mount Shasta, Ojai, 
Orland, Paso Robles, Quincy, Redding, Redlands, San Luis Obispo, Santa Cruz, Tahoe 
City, Ukiah, Wasco, and Yosemite Park. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: The decade of the 1990s was in fact the warmest on record for 
California, and only one year during that period (1998) was cooler than the 20th century 
average.  In general, temperature trend analyses are susceptible to extremely warm or 
cool events at the start or end of the series, particularly for very short analysis periods.  
Because 1998 was much cooler than normal and because the period 1990-99 is very short 
for a trend analysis, many stations in California could very well have a cooling trend for the 
1990s.  However, this does not mean that California has been cooling on a long-term 
basis; in fact, for California as a whole there have been only two years since 1980 that 
experienced temperatures below the 20th century average. 

 
40. Comment: As much as half the surface warming of the past 50 years may be due to 
the Pacific Decadal Oscillation, a natural event that alternately warms and cools the 
Pacific Ocean at 20- to 30-year intervals.  In just two years (1976-1977), global average 
surface air temperatures increased by 0.2OC, and remained elevated through the end of 
the 20th century.  No current climate model can explain the step-like increase.  If 
greenhouse warming were the driving force, the 1976 shift in atmospheric temperatures 
should have preceded any corresponding change in ocean temperatures.  Instead, 
increases in tropical sea surface and subsurface temperatures preceded the atmospheric  
warming by 4 years and 11 years, respectively.  (Competitive Enterprise Institute, 
9/21/04). 
 
Agency Response:  Staff disagrees with the comment.  The comment incorrectly asserts 
that over half of the surface warming of the past 50 years may be due to the effects of the 
Pacific Decadal Oscillation, a natural mode of climate variability. The commenter provides 
no scientific evidence to support this assertion. The comment ignores the pervasive and 
compelling scientific evidence of a large and identifiable human effect on climate.  
 
Furthermore, the commenter implies that all of the recent increase in global-mean surface 
air temperature is associated with a step-like change between 1976 and 1977. This, too, is 
incorrect, as is easily verifiable by examining a time series of global-mean surface air 
temperature changes. Pronounced surface warming of 0.15 to 0.20°C/decade occurs even 
after the step-like change in the late 1970s. Climate model simulations are capable of 
reproducing the key features of observed surface temperature changes over the 20th 
century, as has been extensively documented in a wide range of scientific studies (e.g., 
Mitchell et al., 2001). 
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41. Comment: The sun was the significant source of 20th Century warming.  There were 
two distinct warming periods during the past 100 years: from 1910 to 1945 (+0.50OC, 
+0.90OF), and from 1976 to the present (+0.46OC, +0.82OF).  The sun probably caused 
most of 1910-1945 warming, because more than two-thirds of the buildup in greenhouse 
gas emissions over pre-industrial levels occurred after 1945.  The sun also contributed to 
the later warming.  A reconstruction of solar magnetic field fluctuations from beryllium 10 
isotope concentrations in ice cores drilled in Greenland and Antarctica shows that the last 
60 years were a �period of high solar activity � un ique throughout the past 1150 years.� 
(Competitive Enterprise Institute, 9/21/04) 
 
Agency Response:  The commenter erroneously asserts that changes in solar irradiance 
are the main driver of 20th century warming. Once again, the commenter provides no 
credible scientific evidence to support this assertion. 
 
We do, however, have information on how the Sun�s energy output has varied over the 
past century, and can rigorously test the hypothesis that the Sun is the major cause of 20th 
century warming. Such tests have been performed many times. They reveal that changes 
in the Sun�s energy output simply cannot explain the large increase in global-mean surface 
temperatures over the 20th century (Hegerl et al., 1997, 2003; Wigley et al., 1998; Crowley, 
2000; Mitchell et al., 2001). A substantial human influence (arising primarily from increases 
in the atmospheric concentrations of greenhouse gases) is required in order to best 
explain the observations. 
 
Regarding the final sentence of the comment, it should be noted that �since climate itself 
can affect the deposition of cosmogenic isotopes in ice and trees, the 14C and 10Be records 
may also indicate terrestrial variability rather than solar�. The implication is that isotopes 
like beryllium-10 respond to more than solar irradiance changes alone. Interpretation of 
10Be records is not as straightforward as the commenter erroneously suggests. 
Furthermore, recent scientific analyses of long (8,000 year) radiocarbon records indicate 
that the cosmogenic isotopes like 14C do not have unusually high values in recent 
decades.  
 
42. Comment:  The information I have read seems to indicate that the production of 
CO2 by natural means is far more prevalent than manmade sources.  The fact that global 
warming is a figment of computer models, and can be explained through history as having 
to do with solar phases, rather than anything that people can do, cause me to believe that 
all you are really after is more of our hard-earned money.  The fact that you are a state 
agency that has no direct accountability to the taxpayers just means that you can pretty 
much say or do whatever you want.  I, as an informed citizen will be doing what I can to 
make sure that you and your money-grabbing scheme is stopped.  (Larry Rosner, similar 
letters received from Scott Fulrath, Ron Kilmartin). 
 
Agency Response:  Staff disagrees with the comment.  See response to comment 41. 
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43. Comment: No real scientist will claim the ability to quantify the relative contributions 
of greenhouse gases, the Pacific Decadal Oscillation, solar radiation, and urban heat 
islands to the warming trend of recent decades. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response:  Staff disagrees with the comment.  Numerous well-published 
scientists have spent the past decade attempting to quantify the relative contributions of 
human and natural forcings. The best available scientific information indicates that human-
caused increases in greenhouse gases have made a substantial contribution to the 
warming of the Earth�s surface over the 20th century, and that natural factors alone cannot 
explain the observed changes (Mitchell et al., 2001).  
 
44. Comment: The models on which climate alarmists rely project 50-100 percent more 
warming in the troposphere, the layer of air from roughly two to eight kilometers up, than at 
the surface.  Observations show the opposite is occurring.  The surface appears to be 
warming at a rate of 0.17OC per decade since 1976.  However, the troposphere is warming 
at less than half that rate � by 0.08 OC per decade since 1979 according to both satellite 
and weather balloon measurements.  Either the climate models get the basic physics 
wrong, or something other than the greenhouse effect is driving much of the surface 
warming � or both. (Competitive Enterprise Institut e, 9/21/04). 
 
Agency Response:  This issue has been dealt with comprehensively in response to 
comments 29 through 32.  The best available scientific information suggests that climate 
models do not �get the basic physics wrong,� as the  commenter erroneously contends. In 
fact, recent studies have identified serious problems with the satellite and radiosonde 
datasets that the commenter mentions. New satellite-based temperature retrievals (Mears 
et al., 2003 yield tropospheric temperature changes that are entirely consistent with 
climate model projections.  
 
45. Comment: Most models also assume significant net cooling effects from aerosol 
emissions.  For example, the IPCC produced larger warming projections in its 2001 (Third 
Assessment) report that in its 1995 (Second Assessment) report chiefly because IPCC 
modelers assumed more aggressive efforts worldwide to reduce aerosol emissions.  
However, subsequent research finds that one type of aerosol � black carbon (�soot�) � is a 
strong warming agent and may �nearly balance� the c ooling effect of other aerosols.  
Indeed, NASA researchers James Hansen and Larissa Nazarenko find that black soot 
may be responsible for �20 percent of observed global warming over the past century.�  
Future reductions in aerosols will likely cause less warming than the IPCC projects. 
(Competitive Enterprise Institute, 9/21/04) 
 
Agency Response: Climate forcing over the 20th century has included a significant cooling 
from sulfate aerosols. This cooling has partly offset the warming caused by greenhouse 
gas increases. Models do not �assume� this cooling,  as the Competitive Enterprise 
Institute incorrectly states: the effects of sulfate aerosols on climate are calculated from 
first principles. The IPCC Special Report on Emission Scenarios (a group of independent 
researchers) generated new scenarios which were approved by all the governments, 
including the U.S. government. These scenarios recognized that mounting regional air 
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quality concerns would reduce sulfate emissions as the GDP/person increased. This 
resulted in large cuts in projected sulfate emissions by the middle of the 21st century. As 
noted by the Competitive Enterprise Institute, soot is an aerosol that warms.  Hansen’s 
estimate for warming by soot is possible, but at the extreme upper end of all models (read 
the IPCC 2001 chapters on aerosols and radiative forcing). Thus, reductions in soot would 
not necessarily accomplish that much.  More important, the reductions in sulfate are 
achieved locally for very different purposes and with different technologies than needed for 
soot. Thus, sulfate and soot reductions are not coupled.   
 
46.  Comment: The theory of catastrophic warming assumes the existence of strong 
positive water vapor feedback effects.  In most models, the direct warming from a doubling 
of CO2 concentrations over pre-industrial levels is 1.24OC (2.2OF).  Greater warming 
supposedly occurs when the initial CO2-induced warming accelerates evaporation and, 
thus, increases concentrations of water vapor, the atmosphere�s main greenhouse gas. 
 
However, a NASA satellite study found that � some climate models might be 
overestimating the amount of water vapor entering the atmosphere as the Earth warms.�  
Another satellite study discovered a negative water vapor feedback effect in the topical 
troposphere � a thermostatic mechanism strong enoug h to cancel out most positive 
feedbacks in most models.  As temperatures rise at the ocean�s surface, infrared-
absorbing cirrus cloud cover diminishes relative to sunlight-reflecting cumulous cloud 
cover.  Those changes allow more heat to escape into space, cooling the surface back 
down.  (Competitive Enterprise Institute, 9/21/04) 
 
Agency Response: The comment relates to water feedbacks in climate models. Several 
recent papers have attempted to evaluate whether this feedback mechanism is reliably 
represented. For example, the eruption of Mt. Pinatubo was used to test one particular 
model�s water vapor feedback. The surface and tropospheric cooling caused by Pinatubo 
led to a global-scale reduction in total column water vapor. Since water vapor is a strong 
greenhouse gas, the reduction in water vapor led to less trapping of outgoing thermal 
radiation by Earth�s atmosphere, thus amplifying the volcanic cooling. This is referred to as 
a �positive feedback.� The researchers disabled thi s feedback in a climate model 
experiment, and found that the �no water vapor feedback� model was incapable of 
simulating the observed tropospheric cooling after Pinatubo. Inclusion of the water vapor 
feedback yielded close agreement between the simulated and observed temperature 
responses to Pinatubo. This suggests that the model used by the researchers captures 
important aspects of the physics linking the real world�s temperature and moisture 
changes.  In contrast, there is no compelling observational evidence for the type of 
negative water vapor feedback mentioned by the commenter.  
 
47. Comment:   The CARB report in response to AB 1493 is biased and incomplete to 
achieve a predetermined response that will result in a reduction of vehicle emissions 
regardless of the validity or truth of the �science� behind it.   
 
By ignoring the water vapor that comes out of the vehicle tailpipe along with the CO2, the 
CARB is ignoring the major greenhouse gas and as a result, any reduction in CO2 is trivial 
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compared to the water vapor, and there is NO impact on the greenhouse effect or on 
global warming.  (John Dodds) 
 
Agency Response:  Staff disagrees with the comment.  See response to comment 46. 
 
48. Comment:   The entire Climate Change paragraph is misleading in that you first 
indicate that the industrial revolution etc. has increased the levels of greenhouse gases.  
Yes CO2 has increased from ~300 ppm to 376 ppm, but water vapor is essentially 
constant at 30,000 ppm, so the total has increased from 30,300 ppm to 30,376 ppm � 
some of it probably due to natural warming, not manmade.  Is this SUBSTANTIAL? Also, 
you have not established that the greenhouse gases are responsible for global warming.  
Maybe it was the sun that warmed the greenhouse, that was actually responsible for the 
polar ice caps melting for the last 20,000 years?  The industrial revolution certainly wasn�t 
around back then.  Next your list of greenhouse gases excludes the most dominant one, 
water vapor.  We are talking climate change here, not what AB 1493 limits you to looking 
at.  Tell the truth.  (Dodd, 9/15/04). 

 

Agency Response:  Staff disagrees with the comment.  The Staff Report acknowledges 
that there are several natural sources of greenhouse gases (including water vapor) that 
are responsible for the greenhouse effect.  The Staff Report also notes that the 
concentration of CO2 has risen by 30 percent since the late 1800�s.  Further, the Staff 
Report cites that IPCC�s conclusion that most of the global warming observed over the 
past 50 years is attributable to human activities.  Therefore, we believe that the fact sheet 
accurately characterizes the current scientific information that is discussed in greater detail 
in the Staff Report as well as other responses presented in this package. 
 
With respect to the effect of water vapor, see the response to comment 46. 
 
49. Comment: The IPCC and other alarmists, such as the authors of a recent study 
predicting an 8.3OC (14.1OF) summertime warming in California, assume implausible rates 
of economic growth.   (Competitive Enterprise Institute, 9/21/04) 
 
Agency Response:  The ISOR relies upon The Third Assessment Report of the 
International Panel on Climate Change by the IPCC in 2001 and Climate Change Impacts 
on the United States, by the National Assessment Synthesis Team in 2001 with respect to 
discussing the potential impacts of climate change associated with various scenarios.  
Scenarios examined in the IPCC Assessment, which assume no major interventions to 
reduce continued growth of world greenhouse gas emissions, indicate that temperatures in 
the US will rise by about 5-9°F (3-5°C) on average in the next 100 years.�  See the 
response to Comment 49 for a discussion of rates of economic growth. 
 
50. Comment:  In the IPCC scenario with the lowest cumulative emissions and lowest 
temperature increase, per capita GDP in 2100 is more that 70 times 1990 levels in Asian 
developing countries and nearly 30 times 1990 levels in the rest of the developing world.  
These growth assumptions would be unrealistic even in a high-emissions scenario.  �No 
significant country has ever achieved a 20-fold increase in output per head in a century, let 
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along the 30-fold or 70-fold increases projected by the IPCC for most of the world�s 
population.�  Similarly, whereas the International Energy Agency projects electricity 
generation in developing countries to increase to 3.2 times the 2000 level by 2030, the 
IPCC low-emissions scenario projects 5.5-fold increase in consumption during that period.  
Incredibly, the same �low-case� scenario implicitly  projects that in 2100, average income 
levels in Russia, North Korea, South Africa, Malaysia, Libya, Algeria, Tunisia, Saudi 
Arabia, Israel, Turkey, and Argentina exceed average income in the United States.  
Inflated growth projections lead to overblown emission scenarios, which in turn lead to 
overheated warming projections. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response:  Staff disagrees with the comment.  The ISOR relies upon The Third 
Assessment Report of the Intergovernmental Panel on Climate Change by the IPCC in 
2001 with respect to discussing the potential impacts of climate change associated with 
various scenarios.  The Commenter refers to Scenario B1, which is �the IPCC scenario 
with the lowest cumulative emissions".  However, this scenario is not a low-economic-
growth scenario.  Instead, it achieves low emissions due to low energy intensity.  The final 
energy intensity of Scenario B1 is 1.4 million Joules per dollar, compared with 2.3 to 5.9 
million Joules per dollar for the other IPCC scenarios.  Scenario B1 is by no means the 
scenario with the least economic growth. 
 
Each IPCC scenario has its own economic growth profile.  Per capita income growth in 
developing countries over 1990-2100 ranges from a factor of 24 to 300, depending on the 
scenario.  These factors imply an average growth rate of 2.9% to 5.2% per year. 
 
The Commenter refers to a projection by the International Energy Agency (IEA) of a factor 
of 3.2 increase in electricity generation in developing countries over a 30-year period.  This 
implies an average growth rate of 3.9% per year, which falls within the range of growth 
rates implicit in the IPCC scenarios. 
 
The Commenter questions whether growth of that magnitude would be able to continue 
over a century.  However, for climate change scenarios, the point is not whether individual 
countries can maintain exponential growth.  The point is whether developing countries 
collectively can keep up the pace.  For example, the World Bank projects a real per-capita 
GDP growth 2005-2015 of 5.4% per year for East Asia and 4.0% per year for South Asia.  
By the time the economies in those areas mature, other developing countries could take 
their turn as fast-growing �tigers�.  Also, economi es are developing faster now than in the 
past.  Two centuries ago it took Britain almost 60 years to double its national output.  In 
recent years, China accomplished the same feat in only 10 years. 
 
The IPCC scenarios span a range of economic growth assumptions.  Staff concludes that 
the economic growth rates are plausible because projections by the IEA and World Bank 
fall within this range. 
 
51. Comment:  When the IPCC�s main climate model is run with more realistic inputs � 
the finding that the net cooling effect of aerosols is small, the discovery of a tropical cloud 
thermostat, and the assumption (based on the past 25 years of history) that greenhouse 
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gas concentrations will increase at a constant rather than exponential rate � the projected 
21rst century warming drops from 2.0-4.5OC to 1.0-1.6OC.  Similarly, in the alternative� 
emissions scenario developed by James Hansen, the NASA scientist whose 1988 
congressional testimony put global warming on the public policy map, the world in the next 
50 years warms 0.75 +0.25OC, a warming rate of 0.15 +0.05OC per decade. (Competitive 
Enterprise Institute, 9/21/04). 
 
Agency Response:  �The IPCC�s main climate model� probably refers to the MAGICC 
model used to produce the primary global-mean temperature projections given in Figures 
9.13 and 9.14 of the IPCC Third Assessment Report (TAR). The claim that more realistic 
inputs change these results significantly is wrong. Although no reference is cited, this 
probably refers to work by Michaels and collaborators who attempted to use an early, 
user-friendly version of MAGICC to address these issues. The researchers did not have 
access to the model code, and so were unable to address these issues correctly. Their 
results are flawed and any conclusions drawn from these results are incorrect. More 
specifically, for the items noted in the comment, all three suggestions are wrong. The 
sensitivity of the TAR results to aerosol forcing uncertainties is very small. The effect of the 
�tropical cloud thermostat� is automatically included in the physics of coupled AOGCMs � 
and this is a minor effect anyhow. Concentrations of the primary greenhouse gas, CO2, do 
not generally rise exponentially in the scenarios used for the TAR global-mean 
temperature projections. For the A1FI and A2 scenarios the rate of change does increase 
with time over the 21st century. However, for the A1B and A1T scenarios the changes are 
near-linear, while for the B1 and B2 scenarios, concentrations tend to stabilize by the end 
of the 21st century. The possibility that CO2 concentrations might increase at a �constant 
rather than exponential rate� is already covered by the TAR calculations. Finally, the 
alternative emissions scenarios put forward by Hansen are ad hoc and not based on any 
analysis of the primary drivers for emissions (population, economic changes, technology, 
etc.). Furthermore, these scenarios are not relevant to the issue of developing mitigation 
strategies. They already incorporate (albeit implicitly) mitigation strategies, and were put 
forward as examples of what might be possible if appropriate policies were put in place.  
 
52. Comment: The mathematical form of most climate models also supports the 
conclusion that any anthropogenic global warming during the 21rst century is likely to be 
small.  Nearly all models predict that, once anthropogenic warming starts, the atmosphere 
warms at a constant rather than accelerating rate.  As noted earlier, the troposphere has 
warmed 0.08OC per decade since 1979 while the surface appears to have warmed 0.17OC 
per decade since 1976. Even under the questionable assumption that all recent warming 
is due to man-made greenhouse gases, with no help from urban heat islands, solar 
variability, or the Pacific Decadal Oscillation, the linear form of model projections implies 
that the world will warm 0.8OC to 1.7OC over the next 100 years. (Competitive Enterprise 
Institute, 9/21/04). 
 
Agency Response: This comment continues to repeat the misunderstandings of climate 
research that have appeared in many previous comments. There is no reason why the 
current climate models (what the commenter means by �mathematical form� is not clear) 
are likely to project �small� global warming.   
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The satellite-based tropospheric temperature record that the commenter refers to has very 
large structural uncertainties (e.g., Santer et al., 2003).  The comment mentions one 
specific version of this satellite dataset, generated by John Christy and colleagues at the 
University of Alabama. Two other versions of the same raw satellite data (produced by 
research groups at Remote Sensing Systems in California and at the University of 
Maryland) are not mentioned by the commenter. These two versions show pronounced 
warming of the troposphere, which is presumably why they have been ignored by the 
commenter.  
 
Urban heat islands are routinely accounted for in the construction of datasets used for 
evaluating temperature changes at the Earth�s surface. A number of research groups 
around the world have independently quantified this effect. The general conclusion from 
this work is that �urban warming� makes only a mino r contribution to the large-scale 
increase in Earth�s surface temperature over the 20th century.  
 
Finally, the comment proposes a model based on linear extrapolation of previous trends. 
Climate models are based on the dynamics, physics and chemistry of the atmosphere and 
climate system � not on simple extrapolation of pre vious trends. 

(2). Section 2.2�Climate Change Pollutants 
 
53. Comment:   The basic chemical equation behind energy production in a 
hydrocarbon based world is: 
 

Hydrocarbon + Oxygen = Energy + CO2 + H2O 
 
This is what happens in a car engine, in a power plant AND in the human body.  To 
characterize CO2 as a pollutant is not proper.  If you eliminate CO2 then you eliminate 
energy.  The world can NOT function without energy.  The Ca Air Resources Board is not 
authorized to regulate how much energy is produced in the state, nor has it properly 
evaluated the impacts of the proposed reduction in energy produced (Dodd, 8/19/04). 

 

Agency Response: The basic equation provided is correct.  However, the commenter is 
incorrect with respect to the characterization of the intent of the regulation.  The regulation 
does not address how much energy is produced in the state.  Rather, the intent of the 
regulation is to reduce climate change emissions from motor vehicles is a manner that is 
economical to the owner or operator of a vehicle taking into account the full life-cycle costs 
of the vehicle.  The Staff Report provides substantial documentation supporting this 
objective.  Further, the applicable definition of greenhouse gases (Health and Safety Code 
42801.1) in the enabling legislation includes carbon dioxide.  
 
54. Comment:   The ARB is not authorized to address black carbon as a GHG.  All 
mentions of black carbon must be deleted.  If the ARB insists that is has the right to add 
black carbon (which in my opinion IS a GHG and IS a particulate pollutant that should be 
regulated), it is obligated to add H2O in the form of water vapor, which is commonly 
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referred to as the principal cause of the greenhouse effect (20,000 ppm of water vapor vs. 
376 ppm of CO2).  The failure to do one or the other is illegal, as any future legal challenge 
will prove.  The ARB was directed to address greenhouse gas emissions.  It was NOT 
limited to anthropogenic (manmade) emissions.  The failure to address natural emissions 
is a major deficiency.  The majority of the greenhouse effect is the result of natural 
greenhouse gases (water vapor and CO2).  Without addressing these there can be no 
realistic expectation of addressing the greenhouse effect and global warming.  Since the 
ARB has chosen to only address CO2 from vehicles this it is really only addressing vehicle 
efficiency and gas mileage criteria.   (Dodd, 8/19/04). 

 

Agency Response:  Black carbon is arguably an air contaminant subject to ARB 
regulation.  However, because there is not a well defined �Global Warming Potential� for 
black carbon that would allow its effects to be weighted consistent with the other 
pollutants, the state of the science did not allow its inclusion in the regulation at this time.   
 
As discussed in the Staff Report, water vapor plays an important role in the Earth�s 
greenhouse effect.  However, unlike other pollutants such as CO2 and HFCs, 
anthropogenic activities have not had a discernable direct impact on global-scale 
atmospheric concentrations of water vapor.   
 
The proposed regulation does not focus only on CO2.  Several other greenhouse gases 
emitted by motor vehicles were also considered as the standards were developed.  
Further, rather than specifying reductions of particular pollutants, the regulation is 
structured to provide automobile manufacturers with the flexibility to achieve the 
reductions in the most cost-effective way possible using their technologies of choice.  The 
regulation also evaluates emission reductions using a CO2-equivalent currency (i.e., 
reductions are adjusted per their global warming potential).  Thus, reductions can be 
compared on an apples-to-apples basis. 
 
55. Comment:   I consider that the �facts� in your fact sheets  are so misleading that they 
would form a very good basis for having the courts declare your entire AB 1493 
rulemaking on Vehicle Emissions to be invalid.  The �facts� in these sheets are what has 
been used in your Staff Report evaluation of AB 1493.  Please also correct the 
misstatements that have been made there.  The fact sheet �Reducing Climate Change 
Emissions from Motor Vehicles� says that �transport ation is California�s largest source of 
carbon dioxide�creating more than 30% of the total climate change emissions.�  This is 
JUST PLAIN WRONG.  IF you believe your numbers, then transportation may contribute 
to 30% of the manmade CO2 emissions in the state.  The overall statement implies that 
you are addressing 30% + of the total greenhouse gas climate change problem.  This is 
false.  At best, CA�s 30% of manmade CO2 emissions is less than 1% of the global 3PPM 
of CO2 emitted per year which is less than 1% of the total 376 ppm of CO2 in the air, which 
is less than 1% of all the greenhouse gases in the air (~30,000 ppm of water vapor being 
the dominant piece).  In other words, you are addressing a trivial part of the entire problem 
(if it is a problem), AND the California Public is entitled to know that you plan on spending 
billions to have a zero impact on the global climate. (Dodd, 9/15/04). 
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Agency Response:  Staff disagrees with the comment.  Per the direction provided in 
Assembly Bill 1493 (2002), the ARB developed a proposed regulation to reduce climate 
change emissions from motor vehicles.  Numerous technologies and technology packages 
were considered to arrive at standards that could be achieved in a manner that provided 
manufacturers with flexibility and are economical to vehicle owners or operators over the 
full life cycle costs of a vehicle.  The reductions in greenhouse gas emissions from the 
regulation will not in themselves solve the climate change problem, but are rather an 
important step at realizing this goal.  Other states as well as countries are already 
following California�s leadership on this issue.  The Staff Report acknowledges that there 
are several natural sources of greenhouse gases that are responsible for the greenhouse 
effect.  The Staff Report also notes that the concentration of CO2 has risen by 30 percent 
since the late 1800�s.  Further, the Staff Report cites the IPCC�s conclusion that most of 
the global warming observed over the past 50 years is attributable to human activities.  
Therefore, we believe that the fact sheet accurately characterizes the information that is 
discussed in greater detail in the Staff Report. 
 
56. Comment:   The amount of greenhouse gases in the atmosphere is being 
drastically altered by human activity.  With respect to the fact sheet, the reference to 
drastically is not correct.  This is disputed in the scientific community.  What is not in 
dispute is that global warming is happening or that burning fossil fuels is adding to the CO2 
in the air.  What is in dispute is what is the impact.  Does a change of less than 0.03 ppm 
of CO2 due to Ca vehicles per year out of a total of 30,376 ppm of greenhouse gases 
warrant the use of the term drastically? (Dodd, 9/15/04). 

 

Agency Response: The Staff Report acknowledges that there are several natural sources 
of greenhouse gases that are responsible for the greenhouse effect.  The Staff Report also 
notes that the concentration of CO2 in the atmosphere has risen by 30 percent since the 
late 1800�s.  Further, the Staff Report cites the IPCC�s conclusion that most of the global 
warming observed over the past 50 years is attributable to human activities.  Therefore, 
we believe that the fact sheet accurately characterizes the current scientific information 
that is discussed in greater detail in the Staff Report. 

(3). Section 2.5�Indicators of Climate Forcing and Climate Change 
 
57. Comment: Measurements of sea levels are made at 13 coastal sites in California 
and they are available at http://tidesandcurrents.noaa/gov/sltrends.shtml. The trend data is 
summarized in Table 3 of this Declaration. Although no site has a century of data, the sea 
level changes are expressed as changes in feet per century. The change varies from -0.48 
to +1.06 feet per century with an average of 0.55 feet per century. (Declaration of Jon M. 
Heuss) 
 
Agency Response:  The commenter quotes a figure of 0.55 feet per century (which is 
equal to 16.8 cm per century) as the average rate of sea level increase for Californian 
coastal sites. This figure is within the range of global-mean sea-level change estimates (an 
increase of 10-20 cm over the 20th century) given by the IPCC TAR. Local sea-level 
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changes are often subject to substantial decadal variations, which is why records of at 
least 50 years in length are required in order to obtain more reliable trend estimates. 
 
58. Comment: Sea level is a relative measure. Changes can be caused by a change in 
the water but also by settling of uplifting by the land mass. If only the water level was 
changing, one would expect the rate of change to be similar at all the sites in California. 
Because of the large variation in the rate of sea level changes at the different sites in 
California, it appears that land movement contributes significantly to the observed changes 
in California. For this reason, changes in sea level should not be used as an indicator of 
climate change in California. Although the 0.55 feet per century is within the range of 
estimates presented in the TAR, which reports a range of 0.33 to 0.66 feet per century, 
that estimate is controversial. Based on satellite altimetry measurements since 1992, 
Morner (2004) and his colleagues at the INQUA Commission on Sea Level Changes and 
Coastal Evolution conclude the sea level is not rising. (Declaration of Jon M. Heuss) 
 
Agency Response: Sea levels along the California and West coast have indeed been 
rising rather uniformly at a number of different locations, including San Francisco, Los 
Angeles, and San Diego.  However, it is wrong to suggest that warming of the world�s 
oceans should lead to similar sea-level increases everywhere. As has been known for well 
over a decade, greenhouse warming can alter ocean circulation patterns, which in turn can 
lead to considerable spatial variability in sea-level changes (Mikolajewicz et al., 1990).     

 
59. Comment: The Staff Report also presents a discussion of trends in snowmelt and 
spring runoff. A plot is presented which shows the percent of yearly runoff from 
Sacramento that occurs in the springtime (April to July). The plot shows a decrease in this 
percentage from about 45% to about 34% from the early 1900s to 2000. This percent of 
annual runoff that occurs in the springtime is thought to be a measure of snow-pack, and 
the report speculates that the decrease in percent in spring runoff is an indicator of global 
warming. The Staff Report states that "throughout the 20th century, the April to July spring 
runoff in the Sierra Nevada has been decreasing. This decreased runoff was especially 
evident after mid-century, since then the water runoff has declined by about twelve 
percent." (Declaration of Jon M. Heuss). 

 
Agency Response: The April through July fraction of annual river discharge has been 
declining in California, not only for the estimated full natural flow used by the California 
Department of Water Resources, but also for individual Sierra headwater streams, and for 
a broad array of snowmelt-dominated rivers in the western United States and western 
Canada. This change in spring runoff is mostly related to a shift in the snowmelt runoff 
component of the annual water discharge, which in turn has been driven by warmer winter 
and spring temperatures. The spring runoff changes have been greater in watersheds that 
have a larger proportion of intermediate (1000�-7000�) elevations than high (7000�-14000�) 
elevations, because temperatures at intermediate elevations hover closer to the melting 
point and rain/snow boundaries.   
 
60. Comment: There are at least two problems with the Staff Report’s analysis of the 
snowmelt and spring runoff issue. First, the percent of annual runoff that occurs in the 
spring cannot be used to determine the trend in runoff, because the percent of annual 
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runoff can be significantly affected by changes in runoff that occur at other times of the 
year. Instead, the volume of spring runoff, rather than the percent, is a much better 
measure of spring snowpack, because it is unaffected by variations, in runoff at other 
times of the year. Second, the analysis of the underlying spring and annual river runoff 
data volumes from all river systems available indicates that there could have been a 
downward trend in the volume of the runoff from about 1900 to 1929, but since then, there 
is no discernable downward or upward trend in spring runoff. (Declaration of Jon M. 
Heuss) 
 
Agency Response:  Staff disagrees with the comment.  The April through July fractional 
runoff is a good indicator of the proportion of snowmelt that is occurring during the spring 
and summer season, which is the period when demand for water is increasing due to 
agricultural usage. A recent paper by Stewart et al. (2005) uses fractional runoff (April 
through July, and for the individual months from March through July) and two other 
streamflow measures of the timing of snowmelt runoff, each of which indicate that 
snowmelt runoff is coming earlier.   
 
This April-through-July runoff fraction is an important indicator because if there are earlier 
flows (due to more rain/less snow or earlier snowmelt), the water is more difficult to 
manage. This is due to the fact that in the winter and early spring, there is still a chance of 
a significant storm. Man-made reservoirs must therefore reserve some space for a 
possible flood, since many of California�s reservoirs are both water supply reservoirs and 
flood protection vessels. 
 
The actual spring flow volume would be a good measure if we had the luxury of having 
many years of data. But as it is, there is considerable year-to-year variability in the actual 
volume of runoff, so that the changes from climate warming are difficult to detect � it is 
much easier if they are scaled by the annual runoff to control for the additional year-to-
year variability.  
 
61. Comment: For the sake of clarity, the complete discussion from the Staff Report is 
repeated below: 
 
"The warming of global climate could increase evaporative rates, thereby potentially 
increasing precipitation and storms in the State. Snowmelt and runoff volume data can be 
used as a climate change indicator to document changes in runoff patterns. These specific 
regional changes are related, at least in part, to the climate change associated with the 
observed global mean warming. In California, large accumulations of snow occur in the 
Sierra Nevada and southern Cascade Mountains from October to March. Each winter, at 
the high elevations, snow accumulates into a deep pack, preserving much of California’s 
water supply in cold storage. If the winter temperatures are warm, more of the precipitation 
falls as rain instead of snow, and water directly flows from watersheds before the spring 
snowmelt. Thus, there is less buildup of snow pack; as a result, the volume of water from 
the spring runoff is diminished. Lower water volumes of the spring snowmelt runoff may 
indicate warmer winter temperatures or unusually warm springtime temperatures. Figure 
2-6 [reproduced here as Figure 14] shows that throughout the 20th century, annual .April 
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to July spring runoff in the Sierra Nevada has been decreasing (Roos, 2003). This 
decreased runoff was especially evident after the mid-century; since then the water runoff 
has declined about 12%.� 
 
The Staff Report also references the EPIC report (California Environmental Protection 
Agency, 2002), which contains a further discussion of this indicator. Under the "Technical 
Considerations" section, the following discussion is presented: 
 
"Since the relationships of runoff to precipitation, snow, and other hydrologic variables are 
natural, it is preferable to work with natural or unimpaired runoff. 
 
The spring runoff is calculated purely from stream flow. These are the amounts of water 
produced in a stream unaltered by upstream diversions, storage, or by export or import of 
water to or from other basins. To get unimpaired runoff, measured amounts have to be 
adjusted to remove the effect of man-made works, such as reservoirs., diversions, or 
imports (Roos, 1992). The water supply forecasting procedures are based on multiple 
linear regression equations, which relate snow, precipitation, and previous runoff terms to 
April-July unimpaired runoff." 
 
Under the �Strengths and Limitations of the Data� s ection, the report goes on to state as 
follows: 
 
�Data have been collected for almost one century for many monitoring sites. 
 
Stream flow data exist for most of the major Sierra Nevada watersheds because of 
California�s dependence on their spring runoff for water resources and the extreme need 
for flood forecasting. This information presents spring rainfall, snowmelt, calculated 
depletions, and diversions, in part from other rivers and reservoirs. Raw data are collected 
through water flow monitoring procedures and used along with( many other variables in a 
model to calculate the unimpaired runoff of each watershed. Over the years, 
instrumentation has changed and gradually improved; some monitoring sites moved to 
different locations. The physical shape of the streambed can affect the accuracy of flow 
measurements at monitoring sties, but most sites are quite stable.� 
 
The discussion in the Staff Report concludes that �annual spring runoff in the Sierra 
Nevada has been decreasing,� and �since then [the m id-century] the water runoff has 
declined about 12%� (Declaration of Jon M. Heuss). 
 
Agency Response:  See response to comment 62.   
 
62. Comment: The above statements (comment 61) are apparently intended to 
demonstrate that the volume of the spring runoff is declining. The data plot to which the 
discussion refers is a data plot of the percent of water year runoff that occurs in the April to 
July timeframe. The data plot shows a decline, but this data plot indicates nothing about 
the volume of spring runoff, only the volume percent of spring runoff as compared to the 
annual runoff. The percent of spring runoff could decline even if the volume were 



 58

increasing or constant, if the runoff at other times of the year increased (for example, due 
to more rainfall in the summer or fall). The spring runoff volume could be constant or even 
increasing, and it would not necessarily be reflected in the chart that the Staff Report 
includes. (Declaration of Jon M. Heuss) 
 
Agency Response: The commenter is correct: this �fractional runoff � depends not only on 
spring conditions but, also on conditions during the other seasons. However, because we 
have such a strongly Mediterranean climate in California, there is little precipitation in 
summer and fall, so the largest influence on this ratio are the flows during spring relative to 
those in winter and spring.   
 
63. Comment: This plot is also presented in a report by the Office of Environmental 
Health Hazard Assessment entitled �Environmental Protection Indicators for California� 
(the �EPIC report�). The EPIC report does shed ligh t on how the runoff is estimated - 
theoretically; it is an estimate of �unimpaired runoff.� Furthermore, it is not a measured 
quantity, but rather a �modeled� quantity (although  measurements of river flow, and river 
height and other variables are taken). The �modeled quantity� attempts to take into 
account diversions, storage etc., that would otherwise confound an analysis of total 
unimpaired volume over a number of years. (Declaration of Jon M. Heuss) 
 
Agency Response: The commenter is correct in asserting that �unimpaired runoff� is not 
based on stream gage measurements alone. Nevertheless, the �unimpaired runoff� results 
mentioned are valid. Papers by several authors (Wahl 1992; Dettinger and Cayan 1995; 
Cayan et al. 2001; Stewart et al. 2005) have detected very similar reductions in late spring 
and early summer streamflows. These studies used a much larger network of streams that 
were selected by the U.S. Geological Survey and Environment Canada as being largely 
unregulated by dams or diversions. The evidence from this work indicates that a broad 
region of western North America, including mountainous regions in California, have 
experienced earlier snowmelt in recent decades.  
 
64. Comment: The Sacramento River runoff chart presented in the Staff Report shows 
that the downward trend in the percent of runoff is due to the lack of high percent runoff 
years after about 1950, and the increasing number of low percent runoff years. There are 
four years with percent runoff values of just over 45%, and three years where the percent 
runoff is 25% or less. The percent calculations and the raw volume data for the 
Sacramento River and other river systems were obtained from the ARB (Shulock, C, 
2004).  Since the percent of runoff occurring in the spring can be heavily influenced by the 
total runoff in a giver year, we examined the total runoff in the four highest and three 
lowest years since 1950. This is shown in Table 4 below. 
 
The table shows that the percent of runoff is affected not only by the volume of spring 
runoff, but also by the total runoff. In the four highest percent runoff years, the average 
total runoff was 17% less than average. In the three lowest percent runoff years, the 
average total runoff was 33% greater than average. Thus, trends in the percent of runoff 
occurring in the spring appear to be a poor indicator of trends in snow-pack. (Declaration 
of Jon M. Heuss). 
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Agency Response:  Staff disagrees with the comment.  The commenter assumes that the 
fraction of annual runoff occurring in April through July is being used as a measure of 
spring snowpack. This is not the case. Rather, the intent is to use this fractional runoff as 
an index of the amount of snowmelt that is occurring earlier or later than the historical 
climatology. The April-July fractional flow, along with other measures that have been used 
in the literature (Cayan et al. 2001; Stewart et al. 2005), indicates that runoff from 
snowmelt-affected watersheds over a broad footprint of the West is now occurring one to 
three weeks earlier than it was in the 1950�s through early 1970�s. These alternative 
hydrological measures include the �first pulse� of snowmelt runoff that commences in early 
spring. This �first pulse� is not derived using flo w in any other season, and is quite strongly 
correlated with the April-July fractional flow. Both of these flow measures are strongly 
correlated to winter and especially spring temperature fluctuations: the rising trend in 
spring temperatures is associated with earlier spring streamflows. 
 
65. Comment: Because the percent of runoff occurring in the spring is a poor indicator 
of trends in snow-pack, the actual volume of spring runoff over the last century has been 
examined. (These data were included with the data provided by ARB.) The available data 
are the April-June and yearly runoff values in thousands of acre feet (taf) for the following 
river systems: 

 
Sacramento River Index 
San Joaquin 
Kings 
Truckee at Farad 

 
The Sacramento River Index volumes from 1906 to 2000 for April through July are shown 
in Figure 15. The data show that the runoff has varied between 2,000 and 14,000 taf over 
the last century. Very high years are years in which the runoff exceeds 12,000 taf. Years in 
which spring runoff exceeded 12,000 taf are 1906, 1907, 1938, 1952, 1958, 1983, 1995, 
and 1998. The lowest runoff years are those with volumes below 3,000 taf. Those are 
1924, 1931, 1934, 1976, 1987, 1988, 1992, and 1994. Two of the highest runoff values 
and one of the lowest runoff values have occurred in the last decade. The runoff can vary 
significantly from one year to the next. For example, in 1983 the runoff was 13,600 taf. The 
next year it dropped by 60% to 5,500 taf. (Declaration of Jon M. Heuss). 
 
Agency Response:  Although many California snow courses are at relatively high elevation 
and particularly susceptible to warming signals, it is noteworthy that spring (April 1) 
snowpack over many other regions of the western United States has also declined 
significantly. This has been shown for the Pacific Northwest and for a much broader region 
of the western United States. More recently, Mote et al. (2005) found that spring 
snowpacks have declined over much of the western U.S. from 1950 to 1997. 
 
In California, snowpack trends are complicated by the fact that snowpack in higher, cooler 
elevations has experienced little change, or actually increased slightly, while snowpack in 
lower, warmer elevations (with December-to-February temperatures greater than roughly -



 60

2°C) has decreased by between 5 and 30%. The variab ility in Californian snowpack 
changes is partly attributable to changes in precipitation, but much of the snowpack 
decline has been linked to warmer temperatures over the last three decades. This has 
been shown by researchers who note that while some of the snowpack decline can be 
attributed to natural variability, there is a substantial component that is consistent with the 
global pattern of anthropogenic temperature increases (Howat and Tulacyk, 2005).. 
 
Because there is great inter-annual variability in total runoff, it is important to normalize for 
this volatility by considering the timing of snowmelt. This is the motivation behind the April-
July �fractional runoff� and some of the other hydr ological measures previously discussed.   
 
66. Comment: The trends in the Sacramento spring volume data were also examined. 
This is shown in Figure 16. Starting in 1906, the trend appears to be downward, but the 
significance of the slope is low. Further examination of the data appears to show a general 
downtrend in the data from 1906 to the latter 1920s, and then no change since then. This 
is shown in Figure 17, which breaks the data into two parts, and performs a regression on 
the 1906-1929 data, and a separate regression of the 1930-2000 data. As shown in the 
above figure, the 1906-1929 period seems to be characterized by lower high-runoff years 
and lower low-runoff years. Since then, there is no discernible trend. Note that there have 
been three very high spring runoff years (above 12,000 taf) in the last two decades. This 
certainly is contrary to the Staff Report�s interpretation that �spring runoff in the Sierra 
Nevada has been decreasing.� (Declaration of Jon M. Heuss). 
 
Agency Response: Because of the large year-to-year component, it is the spring 
�fractional runoff� rather than the total spring ru noff amount that is crucial to understand 
how warming is affecting snow accumulation and snowmelt (see response to comments 
59, 64, and 65).  Thus the quote from the staff report remains accurate, given that the 
fraction of melting occurring in spring has been reduced both as to its time range and early 
onset. 
 
67. Comment: As shown above, the data can be separated at 1929-1930. The data 
indicate a distinct difference in these two periods. There are a several possible 
explanations for the reduction in spring runoff from 1906 to 1930. One is that this results 
from successively lower amounts of snow in the winter in the Sierra Nevada. Another 
possible explanation is that measurement methods for flow and river height and other 
variables were changing. As presented earlier, the EPIC report indicates that modifications 
have been made to instrumentation and data collection techniques over the last century. It 
is also possible that significant changes in instrumentation and measurement methods 
may have been made in the first 30 years of the century that, leading to an observed 
"trend." Both possibilities should be examined before reaching the conclusions contained 
in the Staff Report. (Declaration of Jon M. Heuss). 
 
Agency Response: Other studies (e.g., Wahl, 1992; Dettinger and Cayan, 1995; Stewart et 
al., 2005) have examined fluctuations and changes within a set of actual stream gage data 
(not reconstructed data) from western North America snowmelt-dominated streams 
identified by the US Geological Survey and also Environment Canada. These 
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investigations find trends similar to those that the California Department of Water 
Resources has estimated for the Sacramento River system. The message from this body 
of research is that both climate fluctuations and climate change are involved in producing 
streamflow timing changes.  See also response to comment 64. 
 
68. Comment: The spring runoff volume data from the other river systems were also 
examined. These are shown in Figures 18, 19 and 20. All of the data seem to display the 
same trends - decreasing: runoff until the late 1920s, and constant since then. 
(Declaration of Jon M. Heuss). 
 
Agency Response: See response to comments 65 and 66. The warming influence is 
present in the changes in the streamflow timing, not the amount.  This is critical to 
California�s water supply system because earlier snowmelt generally means less stored 
water is available later in the year. 
 
69. Comment: It is noteworthy and probably not coincidental that all of these river 
systems show the same trends - reduced spring runoff from 1906 to 1930, and flat or 
increasing since then. Increased snow in one area usually also means increased snow in 
a nearby area. Alternatively, if measurement or instrumentation methods were upgraded in 
one area, it is likely that they were upgraded elsewhere as well. (Declaration of Jon M. 
Heuss). 
 
Agency Response: See response to comments 65 and 66. 
 
70. Comment: In summary, the use of April through July runoff volume rather than 
percent of annual flow undercuts the conclusions presented by the Staff Report. The 
above analysis shows that the trend line in April through July runoff has been flat since 
1930. The negative trend line in percent of annual volume shown in Figure 12 is an artifact 
of the variability in the total annual volume. This analysis also undermines the use of the 
percentage number as a credible environmental indicator. (Declaration of Jon M. Heuss). 
 
Agency Response: A large body of scientific evidence indicates that the winter and spring 
warming in recent decades has produced advances in the timing of streamflow and 
reductions in spring snowpack. Spring flow volume is too strongly affected by interannual 
changes in precipitation to reveal this warming signal.   

(4). Section 2.6�Potential Impacts on California 
 
71. Comment:   The changes that we could see under high global emissions will be 
great.  A lot of the effects that we will see because greenhouse gases will accumulate will 
be seen by subsequent generations, our kids, their kids.  The choices and the actions that 
we take today, we may not see a strong effect of.  But if the science is correct, it’s likely 
that subsequent generations will. (Dan Cayan, Director of Climate Research Division at 
the Scripps Institution of Oceanography, University of California at San Diego) 
 
Agency Response:  Staff agrees with this comment.  No further response necessary. 
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72. Comment: In the Staff Report, the CARB staff states that unprecedented warming is 
occurring in the northern hemisphere over the past century because of anthropogenic 
emissions of greenhouse gases. The Staff Report also states that observations in 
conjunction with climate models indicate that detectable changes are under way. It infers 
that there is a scientific consensus that climate is changing at a rate unmatched in the last 
1,000 years due to human activities, and appears to predict more heat waves and heat-
related deaths. In addition, the Staff Report appears to suggest or predict that the 
increased heat will produce higher ozone which will cause even more deaths. The Staff 
Report also expresses concern over rising sea levels and reduced winter snow pack. The 
purpose of this Declaration is to address the foregoing claims and predictions in the Staff 
Report. (Declaration of Jon M. Heuss) 
 
Agency Response: No response necessary, as more detailed comments and responses 
follow.   
 
73. Comment: Extensive evidence shows the existence of excess mortality associated 
with heat waves around the world. The evidence shows that mortality increases when a 
certain threshold of temperature and humidity are reached. An extensive study of U.S. 
heat waves from the 1960s through the 1990s by Davis et al., (2003) revealed that the 
best indicator for heat stress is the �apparent temperature� (AT) which combines the 
ambient temperature and the humidity into one variable (Steadman, 1979). Above a 
certain AT threshold excess mortality occurs. Davis et al. examined the daily 
meteorological and mortality data for 28 U.S. cities and identified the threshold AT for each 
city. Each city had a different threshold. Cities in the southeastern U.S. had higher 
thresholds than cities in the Northeast or Midwest. In other words, the heat-mortality 
relationship is the weakest in the Southeast because of more widespread use of air 
conditioning and acclimatization. Another trend that the authors noted in most cities was a 
decline in the dose-response relationship with time. For example, in Los Angeles, annual 
heat-related mortality rates (defined as excess deaths per standard million population on 
days in the threshold AT is equaled or exceeded) declined from about 30 in the 1960s and 
1970s to about 20 in the 1980 and to about 15 in the 1990s. In Dallas and Houston, the 
decline was even more dramatic as it went from about 35 in the 1960s to zero in the 
1990s. For the 28-city average, the rates were 41.0 (1960-70s), 17.3 (1980s), and 10.5 
(1990s). The studies demonstrate that past mortality-temperature dose-response functions 
cannot be used to predict future mortality rates associated with heat waves. Such 
extrapolations will greatly overestimate the impacts. In addition, by the 1990s, 13 of the 28 
cities had no heat-related mortalities. This suggests that heat-related mortality could be 
eliminated in the future, and questions the estimates of future heat wave mortality made by 
both the Staff Report and Hayhoe et al. (Declaration of Jon M. Heuss) 
 
Agency Response: The first part of this comment states that the �best indicator for heat 
stress� is apparent temperature.  While apparent temperature has frequently been used as 
an index of heat stress, recent studies suggest that indices that capture a greater set of 
meteorological variables � such as those based on a ir mass characterization -are better 
indicators of �oppressive� heat conditions (Kalkste in 1998, Kalkstein 1991, Sheridan and 
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Kalkstein, 2004).  People respond to a range of weather conditions, including temperature, 
wind speed, cloud cover, and duration of heat, that can have synergistic effects, rather 
than individual variables such as temperature and humidity (Kalkstein and Greene 1997).  
Apparent temperature does not capture these interactions, while an air mass-based 
approach does.  Recognizing the importance of capturing multiple and interacting weather 
conditions, agencies such as the NWS and the World Health Organization have selected 
an air-mass based approach for the heat warning systems they are developing throughout 
the US and the rest of the world (WHO/WMO/UNEP, 1997). 
 
The second part of the comment suggests that the spatial variability in AT thresholds and 
heat-related mortality rates identified in Davis et al (2003) can be explained by differences 
in air conditioner use and acclimatization (e.g. that the weaker response in southern cities 
is due to these socio-economic factors).  We don�t fully agree with this conclusion. 
Although estimates of decreases in heat-related deaths attributed by increased air 
conditioner use have indicated drops of  10-25 percent (Kalkstein, 1998), these numbers 
are much less dramatic than those developed by Davis et al. (2003). The different 
thresholds reported in Davis et al. (2003) suggest that populations are adapted to the 
climate where they live.  Regions in the Southeast that are frequently hot are likely to have 
the infrastructure to cope with the heat more effectively than regions in the Northeast and 
Midwest.   For example, in many southern cities, poor, vulnerable people are likely to live 
in frame dwellings with metal roofs and windows on four sides.  These buildings remain 
much cooler during excessively hot conditions.  However, in the northern cities, many 
vulnerable people live in black-roofed row homes with poor circulation and brick 
construction.  These homes are most likely to heat up rapidly, especially in upper floors 
where many of the heat-related deaths are found.  
 
Further, the magnitude of the threshold itself is not a full measure of the strength of the 
heat-mortality relationship as suggested by the comment: �Cities in the southeastern U.S. 
had higher thresholds than cities in the Northeast or Midwest. In other words, the heat-
mortality relationship is the weakest in the Southeast because of more widespread use of 
air conditioning and acclimatization.�    It is the relative magnitude and frequency of 
�extreme� (or threshold exceeding) events, i.e. weather variability, not the relative 
threshold level that contributes most to elevated heat mortality (Kalkstein 2000).  A city 
might have a high threshold temperature that is not crossed often, while another may have 
a lower threshold that has more frequent extremes.  For example in southern cities, the 
standard deviation of weather conditions around the mean is low; that is, there is little day-
to-day change in the weather.  This consistency weakens the general population response 
to heat because southern populations are not exposed to the large meteorological swings 
that occur in the more northerly cities.  This is why hot cities like Miami, New Orleans, and 
even Phoenix have lower heat-related death totals than Chicago, New York, and 
Philadelphia (Kalkstein and Greene, 1997).  In the North, rather benign weather is 
occasionally punctuated by very excessive heat, and the unexpected and uncommon 
nature of these events is the main reason that they have such a dire impact on human 
health.   
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The third part of this comment highlights Davis et al. (2003) findings of a decline in heat-
related mortality rates and suggests that these results indicate that past mortality-
temperature dose-response functions cannot be used to predict future mortality rates, as 
was done in the Hayhoe et al. 2004 paper. We believe that heat-related mortality rates are 
decreasing as a result of adaptation measures, and agree that this empirical evidence 
points to the need for caution when using historical relationships when predicting future 
mortality rates.  For this reason, the Hayhoe et al. (2004) paper does not rely simply on the 
historical heat-mortality relationship but incorporates a method for adjusting for 
acclimatization based on an �analogue summer� appro ach. The analogue summer 
approach assumes that people will most likely respond to heat under climate change as 
they do today during the very hottest summers (Hayhoe et al 2004).   
 
The final part of the comment suggests that heat-related mortality could be eliminated in 
the future, based on the historical downtrends.   We do not agree with this prediction for 
several reasons.  First, the decline in heat-related mortality is, in our opinion, not as rapid 
as the Davis et al. (2003) paper suggests.  Some of the most dramatic heat mortality 
events have occurred over the past decade or so, including the 1995 heat event in 
Chicago, which is unprecedented, and several events in Philadelphia during the 1990s.    
Second, even if the Davis downtrend is to be believed, there is no evidence to suggest 
that it will continue at the present rate.  There are likely limitations to society�s ability to 
adapt to a changing climate. Many cities are already approaching air conditioning 
saturation in the U.S. (Kalkstein, 1998), and clearly the impact of air conditioning is 
reaching a maximum.    Furthermore, as stated above climate variability and not average 
temperatures is what contributes most to elevated heat-related mortality.  With climate 
change, variability is projected to increase which will make adaptation more difficult.  For 
once we adapt to higher temperatures, new thresholds will be set and passed by 
increasing magnitude and frequency of extreme events, continually putting us behind in 
our adaptation mechanisms. 
 
Finally, we note that the commenter implies that any increased threat of mortality can be 
addressed with increased air conditioning. However, increased use of air conditioning 
would substantially increase greenhouse gas emissions from electrical generation, thereby 
further contributing to anthropogenic emissions.    
 
74. Comment: The Staff Report�s claim that some of the excess mortality during heat 
waves is due to ozone rather than heat is based on epidemiology studies. These studies 
are time-series studies in which daily counts of deaths in a geographic area are regressed 
against levels of air pollution as measured at central monitoring stations in that area. In the 
time-series study, inferences regarding the association of air pollution with adverse health 
effects depend upon relating fluctuations in daily counts of the health effect of interest to 
levels of air pollution on the same or previous days. In 2002, the most commonly used 
software package (S-plus) for Generalized Additive Model (GAM) analyses of time-series 
studies was found to yield erroneous results when used with the default convergence 
criteria, casting doubt on the results of most time-series studies of air pollution (HEI, 
2003). Most time series studies of ozone have not been reanalyzed following the discovery 
of the software problem so they should not be used to generate dose-response functions. 
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Reanalyses of time series studies have focused mainly on PM. Thus, the results of most 
time series studies of ozone cannot be trusted. As with PM, it is likely that reanalyses of 
the ozone studies using more stringent convergence criteria would lead to smaller effects 
estimates and reduced significance of the ozone associations. Even more important, the 
reanalyses prompted by the software convergence problem once again brought into focus 
a number of issues, such as the proper control of weather and temporal trends in time-
series analyses, which had been considered settled. These issues are far more serious 
than the convergence problems that led to their resurfacing and they are discussed below. 
(Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  This comment challenges the link 
of air pollution with adverse health effects, stating that the epidemiological studies that 
have shown such links are based on times-series analysis, which are unreliable.  In 
particular, the commenter points to two concerns: 1) the fact that the Generalized Additive 
Model (GAM) from a common statistical program had been found to yield erroneous 
results, and 2) the inadequate control for other time varying factors such as weather and 
other temporal trends that may affect health outcomes.  While we acknowledge the 
challenge of time-series analysis and the concerns raised with GAM, studies suggest that 
these concerns do not change the basic conclusion that high ozone levels can lead to 
health effects.  The Health Effects Institute conducted a reanalysis of the of the air-
pollution and health data to test the significance of the error identified with the GAM 
statistical approach and found that �in general, [in the re-analysis] the estimates of effect in 
the National Morbidity, Mortality, and Air Pollution Study (NMMAPS) decreased 
substantially, but the qualitative conclusions did not change.� 
 
Furthermore, one does not need to rely on time-series studies to find documented links 
between air pollution and health.  There are a number of other statistical techniques that 
have been used in studies linking air pollution to mortality. For example, Krewski et al. 
(2000), whose analysis demonstrated an increase in mortality with air pollution, uses a 
long-term cohort study to link air pollution to mortality rather than the standard time-series 
approach. In fact Health Effects Institute reports that some have noted that the calculated 
health impact of short-term air pollution based on time-series studies is substantially 
smaller than that of long-term air pollution based on cohort studies. 
 
75. Comment: At least three major issues that must be addressed when considering 
time-series studies. First, it is necessary to consider the potential need for adjustments to 
account for temporal trends in the health effect of interest due, for example, to temporal 
trends in the structure of the population or to episodic viral infections. Second, the 
association of pollutants must be separated from the effects of climate and weather. Third, 
adequate statistical adjustments must be made, so that the association of ozone with 
adverse effects on human health can be considered apart from the associations of other 
criteria pollutants with adverse effects on human health. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff agrees that these factors as well as others need to be 
considered when considering and interpreting the results of time-series studies. 
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76. Comment: The Health Effects Institute (HEI) Expert Panel (2003) has noted that 
methods used for controlling temporal trends and weather can have profound effects on 
the results of time-series analyses of air pollution data. In addition, there appears to be no 
objective statistical test to determine whether these factors have been adequately 
controlled in any analysis. The HEI Expert Panel stated as follows: 
 
�Ritov and Bickel (1990) have shown, however, that for any continuous variable, no strictly 
data-based (i.e., statistical) method can exist by which to choose a sufficient number of 
degrees of freedom to insure that the amount of residual confounding due to that variable 
is small. This means that no matter what statistical method one uses to select the degrees 
of freedom, it is always logically possible that even if the true effect of pollution is null, the 
estimated effect is far from null due to confounding bias.� 
 
In other words, it is impossible to adjust temporal trends without accurate information from 
external sources regarding the appropriate degrees of freedom to be used. Such 
information does not exist. No conclusions can be drawn from time-series studies unless 
the results are robust to extensive sensitivity analyses. Most time-series studies in the 
literature have undertaken only limited sensitivity analysts, if at all. This is an issue that 
transcends the convergence problem and applies to any time-series study of air pollution 
whether or not GAM was used for analyses. This problem, and the work of the HEI expert 
panel, does not appear to be recognized and addressed in the Staff Report and its 
references. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  See the response to comment 74. 
 
77. Comment: The confounding associations of air pollutants with temporal trends, 
weather, and co-pollutants make the choice of models important. It is clear that the 
uncertainties in the estimates of pollutant effects are almost certainly understated by 
consideration of the statistical uncertainty computed under a fitted model alone. Much 
more uncertainty derives from the lack of information regarding the choice of appropriate 
models for adjusting confounding by other covariates, and the choice of appropriate lag 
structures. As Lumley and Sheppard (2003) point out: 
 
�Estimation of very weak associations in the presence of measurement error and strong 
confounding is inherently challenging. In this situation, prudent epidemiologists should 
recognize that residual bias can dominate their results. Because the possible mechanisms 
of action and their latencies are uncertain, the biologically correct models are unknown. 
This model selection problem is exacerbated by the common practice of screening 
multiple analyses and then selectively reporting only a few important results.� 
 
More recently others have expressed similar concerns in the peer-reviewed literature. In a 
recent publication, which uses the method of Bayesian Model Averaging (BMA), Koop and 
Tole (2004) state as follows: 
 
�The main empirical finding of the paper is that standard deviations for air pollution-
mortality impacts become very large when model uncertainty is incorporated into the 
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analysis. Indeed they become so large as to question the plausibility of the previously 
measured links between air pollution and mortality.� 
 
BMA is not new. In the area of air pollution epidemiology it has been used by Clyde to 
investigate the influence of model choice on estimated air pollution effects. It might be 
argued that BMA is a �shotgun� approach to analyses of epidemiological data. However, in 
the absence of biological information on appropriate lag structures and covariate 
adjustments, it is most definitely one approach to investigating the uncertainty associated 
with model choice. If nothing else, it has the virtue of being an objective arbiter of model 
choice. (Declaration of Jon M. Heuss) 
 
Agency Response:  The paper by Koop and Tole that the commenter refers to asserts that 
there are multiple statistically acceptable models to describe time-series data sets, and 
that there is no consensus as to which is/are the �real� one(s). This is true � the subject 
has been raised before.  The authors suggest a Bayesian averaging methodology to 
address this problem. They claim that the available time-series literature includes too few 
potentially explanatory variables. They propose an approach that is purely statistical, and 
includes every possible variable they can think of, and all possible interactions of these 
variables. Unfortunately, they also include variables and lag times that have been shown 
by physiological research to have no biological plausibility. There is no reason to include 
variables or lag times in the models that can be excluded a priori on physiological grounds. 
Inclusion of such variables complicates the models, can lead to computational difficulties, 
and confuses interpretation of the results.  In addition, the approach included weather 
variables in the regression model that relate to mortality only because they impact air 
pollution concentrations, and that would not have an independent effect. Therefore, these 
variables should not be considered confounders if one is trying to assess the causal 
effects of air pollution. 
 
Further, the uncertainties discussed in the Koop and Tole paper(s) refer to the 
uncertainties associated with developing a Bayesian model for the connections between 
air quality and mortality. The difficulties associated with such Bayesian studies using 
commonly available statistical data for mortality have been known for a long time.  The 
real problem is the difficulty of accurately assessing the specific exposure of the 
population being evaluated. The other problem is that air pollution monitoring is only done 
at a few locations, and at limited times, and as a result cannot capture the full exposure to 
pollutants faced by a general population. 
 
Second, specific studies of individuals have shown clear connections between exposure to 
air pollution and mortality. So, the real concern here is one of risk. Rather than focusing on 
Bayesian modeling analyses of general populations, one needs to consider the potential 
risks of climate change, which extend well beyond just considering mortality.  
 
78. Comment: In summary, because of the very small risks being estimated, the 
difficulties of controlling weather and temporal trends and in the choice of the appropriate 
lag structure, the results of currently available time series analyses of air pollution cannot 
be accepted with any degree of confidence. In addition, even if one were to take the 
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results of existing time-series studies at face value, these results are mixed with some 
studies suggesting a role for ozone in mortality while others do not. Consequently, the 
derivation of a dose-response function for ozone and mortality from any time-series study 
is inappropriate. (Declaration of Jon M. Heuss) 
 
Agency Response:  We acknowledge that there are challenges that must be considered in 
the analysis and evaluation of time-series studies.  In particular, the commenter highlights 
the difficulties of controlling weather and temporal trends and the choice of appropriate lag 
structures and concludes that the derivation of a dose-response function for ozone and 
mortality from any time-series study is inappropriate.  However, the conclusions of the 
Health Effects Institute report that the commenter references do not support his 
conclusion. Rather, the report concludes that despite the fact that some time-series 
studies linking air pollution with mortality have not adequately addressed certain statistical 
challenges, the expert re-analysis of the data taking these issues into account suggests 
that the general conclusions drawn in the original studies remain unchanged.    
 
79. Comment: In their analysis, CARB is concerned that higher temperatures will lead 
to higher ozone concentrations (CARB, 2004). This concern arises because the 
relationship that higher temperatures produce higher ozone levels has been known since 
the 1970s and is based on both ambient observations (Wolff and Lioy, 1978) and smog 
chamber experiments (Countess et al., 1981). The relevant question, however, is what is 
the relationship between temperature and ozone today in California and what will it be 
over the next several decades. This relationship will be examined in the South Coast Air 
Basin (SOCAB) because this is the region that historically experiences the highest ozone 
levels in California. (Declaration of Jon M. Heuss) 
 
Agency Response:  No response necessary. 
 
80. Comment: To investigate the current relationship, the temperature trends in the 
SOCAB will be determined for the period from 1970 to 2003 since this is the period that 
the IPCC (IPCC, 200I) attributes the increased temperature to anthropogenic greenhouse 
gas emissions. Since ozone concentrations are the highest during the summertime, the 
focus will be on the June through August trends. The ozone/temperature relationships in 
the SOCAB will also be examined during this period using ambient monitoring data. Then 
the ambient temperature trends will be used to evaluate expected temperatures in the 
2020 and 2030 time frames. The analysis terminates at 2030 because we assume a 
hydrogen economy is in place after that. (Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  The commenter�s analysis 
incorrectly assumes that the rate of temperature change from 1970 to 2003 simply 
continues to 2020 and 2030.  This assumption ignores emission growth and the fact that 
greenhouse gases accumulate and take many decades to be removed from the 
atmosphere.  By focusing on average June-to-August temperature and ozone increases, 
the analysis also ignores the peak air pollution episodes that determine the stringency of 
California�s ozone control programs.  Climate change will increase the frequency, length, 
and intensity of heat waves affecting peak ozone events.  The commenter also ignores the 
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increasing trend in global background ozone that is caused, in part, by emissions of the 
greenhouse gas methane and the increasing trend in temperature.  Background ozone 
has increased at 10-30 ppb over the past century and is projected to increase over the 
next 30 years.  As a result of these shortcomings, the commenter�s analysis is flawed. 
 
81. Comment: The maximum and minimum temperature trends for the sites in the LA 
Basin for June through August from 1970 to 2003 are shown in Figure 12. The slopes of 
the linear regression lines are shown in Table 1. Most of the sites exhibit a negative trend 
for the maximum temperature and a positive trend for the minimum temperature. On the 
average, the trend for the maximum temperature is � 0.0145oF/year and the trend for the 
minimum temperature is +0.0384oF/year. As a result, a maximum temperature trend of 0.0 
and a minimum temperature trend of +0.038 will be assumed to project future 
temperatures. (Declaration of Jon M. Heuss) 
 
Agency Response: The commenter provides new material to support his assertion that 
climate change has not meaningfully impacted temperature. In response, the study of the 
variability of surface air temperature change is very important, especially in terms of 
detecting anthropogenic climate. In order to detect anthropogenic climate change, one 
needs to compare the observed changes with the typical climate variations. Figure 12 
(Declaration of Jon M. Heuss) shows the maximum and minimum temperature trends for 
the sites in the LA Basin for June through August from 1970 to 2003.  For the purposes of 
climate change detection, the observational record used in this Figure is too short to 
determine accurately the unperturbed variability of the climate system, which is usually 
defined on timescales of many decades or longer. Every 4 years on average in southern 
California, the winter is wetter, the seas are higher, and the waves are stronger. This 
phenomenon is related to the El Niæo (or warm) phase of a complex ocean-atmosphere 
cycle known as the El Niæo Southern Oscillation. Changes in the frequency El Niæo and La 
Niæa-type conditions could result in different patterns of precipitation and temperature in 
Southern California depending upon the particular time period studied.  
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An analysis of historical records shows that Los Angeles has generally been getting 
warmer over the last century, with the average annual temperature rising nearly 3°F since 
1914, according to historical weather data collected at the Civic Center in Los Angeles, 
California.  The commenter’s analysis also incorrectly assumes that the rate of 
temperature change from 1970 to 2003 simply continues to 2020 and 2030.  This 
assumption is erroneous for the reasons described in the response to comment 80. 
 
82. Comment: Based on the analysis of temperature data from 1970-2003 in the South 
Coast Air Basin (SOCAB), the minimum daily temperature is increasing by 0.038 degrees 
Fahrenheit (oF) per year and there is no change in the maximum daily temperature. 
Assuming this, the maximum daily temperature in 2020 and 2030 will not change from 
2003 and the 2003 daily minimum temperatures would be expected to increase by 0.646oF 
and 1.026oF for the 2020 and 2030 future-years, respectively. (Declaration of Jon M. 
Heuss) 
 
Agency Response:  Staff disagrees with the comment.  As previously indicated, the 
commenter’s analysis incorrectly assumes that the rate of temperature change from 1970 
to 2003 simply continues to 2020 and 2030. For example, recent peer-reviewed modeling 
analyses project that the average summer temperature increase over a 50-year timeframe 
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will be 2.2 to 5.6oF, whereas the commenter projects no increase. (Aw, J. and Kleeman, 
M.J, 2003).  The commenter’s position is contrary to the large body of published scientific 
studies. For example, both the IPCC (2001) and the NAST (2001) reports project that 
warming in the 21st century will be significantly larger than in the 20th century. Scenarios 
examined in these assessments, which assume no major interventions to reduce 
continued growth of world greenhouse gas emissions, indicate that temperatures in the US 
will rise by about 5-9°F (3-5°C) on average in the next 100 years. 
 
83. Comment: Figure 2-8 of the Staff Report shows the relationship between ozone and 
temperature in the SOCAB. However a closer examination of the data reveals that this 
relationship has changed over time, and the ozone concentrations have become less 
sensitive to temperature. This is illustrated in Figure 13. Not only were the ozone 
concentrations at a fixed temperature lower in 2001-2003 than they were in 1986-1988, 
but the sensitivity of ozone to temperature has been dramatically reduced. The rate of 
increase with temperature over the interval between 90 and 100oF dropped from about 5 
ppb per oF in 1986-1988 to about 2.5 ppb per oF in 2001-2003. The relationship has 
changed because of the on-going emission reduction program that has reduced ozone 
concentrations in the Basin. (Declaration of Jon M. Heuss) 
 
Agency Response: Although temperature is one of the most important aspects of climate 
change and weather in general, correlating ozone changes to those in temperature 
provides only partial insight into the smog formation process and its dependence on 
meteorology. Other factors, such as increased biogenic and anthropogenic emissions and 
increased chemical reaction rates, etc., must also be accounted for. The commenter’s 
statement that the sensitivity of ozone to temperature has been dramatically reduced and 
that the on-going emission reduction program that has reduced ozone concentrations in 
the Basin contradicts the results of ozone air quality modeling simulation by other 
scientists. (Hayhoe et al, 2004). 
 
84. Comment: The association of high ozone with high surface temperatures has been 
reported by others. The U. S. EPA�s July 1996 Criteria Document for Ozone summarizes 
several studies of the relationship between peak ozone and daily maximum temperature. 
Based on data from the late 1980�s, at several eastern rural sites, the rate of increase was 
1 to 3 ppb per oF. At several eastern urban sites, the rate was 2 to 5 ppb per oF. At two 
western sites, there was a weaker temperature dependence, reflecting lower man-made 
ozone in the mix. Thus, the sensitivity of ozone to temperature varies depending on the 
extent of man-made ozone present. Since there is an on-going emission reduction 
program nationally as well as in California, one would expect that the sensitivity of peak 
ozone to temperature would be decreasing throughout California and the rest of the nation 
as it has decreased in the South Coast. (Declaration of Jon M. Heuss) 
 
Agency Response:  The statement is incorrect, as described in the response to comments 
121 through 123.  Additionally, biogenic VOCs are very temperature-sensitive, and these 
emissions will not be abated in future years. Air quality in the Central Valley and Sierras 
could be especially influenced by climate change due to increased biogenic VOCs. Soil 
microbes produce NOX and their activity may also increase with warmer temperatures, 
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leading to an increase in NOX emissions and a consequent increase in ozone. Forest fire 
patterns may be altered, with consequences for PM and ozone. 
 
It should be also noted that another impact of climate on ozone pollution in the 
troposphere arises from the probability that higher temperatures will lead to greater 
demand for air conditioning and greater demand for electricity in summer. Most of our 
electric power plants emit NOX. As energy demand and production rises, we can expect 
amounts of NOX emissions to increase, and consequently levels of ozone pollution to rise 
as well. In short, as indicated in the staff report (page 20), temperature in conjunction with 
sunlight and stable air masses tends to increase the formation of ozone. Success with 
efforts to reduce anthropogenic emissions will not change the important role of 
temperature with respect to ozone formation. 
 
85. Comment: Sillman and Samson (1995) investigated the impact of temperature on 
ozone formation in urban, regional and global scale model simulations. The urban and 
regional simulations were carried out with a three dimensional model while the global 
scale simulations were carried out with a one-dimensional model. Sillman and Samson 
summarize much of what is currently known about the relationship of ozone and 
temperature (references have been omitted for clarity) as follows: �It is widely known that 
elevated 03 concentrations in polluted environments are associated with warm 
temperatures. A variety of factors, including synoptic and boundary layer dynamics, 
temperature-sensitive emissions, and photochemistry, have been suggested as possible 
causes for the observed 03 - temperature relationship. Emissions of biogenic hydrocarbons 
increase sharply with temperature, and it has been recently suggested that emission rates 
for anthropogenic volatile organic compounds (ROG) also increase with temperature. 
Abnormally high temperatures are frequently associated with high barometric pressure, 
stagnant circulation, and suppressed vertical mixing due to subsidence, all of which 
contribute to elevated 03 levels. The importance of photolysis to the formation of 03 
provides a direct link between 03 and time of year, and temperature-dependent 
photochemical rate constants also provide a link between 03 and temperature.� The 
simulations Sillman and Samson carried out show that the primary cause of the increase 
with temperature in urban and polluted rural areas is the temperature-dependent rate of 
decomposition of PAN (peroxyacetylnitrate) and other similar compounds. At lower 
temperatures, PAN acts as a major sink for NOx and odd hydrogen (free radicals) that 
limits the build-up of ozone. At the global scale, increased temperature actually resulted in 
lower ozone concentrations. A 5oC increase in temperature resulted in a 6% reduction in 
ozone. Analysis of the impact of the temperature increase at the global scale showed that 
while ozone formation was increased, ozone destruction terms were increased more. 
(Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  Please see the response to 
comments 80, 82, 83, 84, 87, 109, and 135.  On a regional scale, scientists find a strong 
correlation between higher ozone levels and warmer days. The critical concept is that 
evaporation and biogenic emissions increase and chemical reactions speed up with 
increasing temperatures. A modeling analysis of greenhouse gas impacts on California by 
Katharine Hayhoe, et al. (Emissions Pathways, Climate Change, and Impacts on 
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California) indicates that the average summer temperature (June � August) in California 
will increase 2.2 � 5.6 OF by 2049 from the climatological mean (1961-1990) of 73.0 OF. 
Further, both the IPCC (2001) and the NAST (2001) reports project that temperatures in 
the US will rise by about 5-9°F (3-5°C) on average in the next 100 years. 
 
As the troposphere warms on a global scale, one can also expect changes in ozone air 
quality. However, because of the short-lived nature of the chemical constituents and 
variations across space and time, the uncertainty is too large to make any precise 
predictions from global scale modeling simulations. Global-scale increases in temperature 
and water vapor predicted for climate change after 2050 are expected to offset some of 
the increase in tropospheric ozone associated with increasing pollutant emissions, but not 
reduce background ozone levels.  However, understanding the interactions between 
ozone and climate change on global scale, and predicting the consequences of change 
requires enormous computing power, reliable observations, and robust diagnostic abilities. 
Such a characterization is well outside the scope of the introduction to climate change 
presented in the Staff Report. 
 
86. Comment: When ARB indicates that ozone air quality can be profoundly affected by 
changes in climate and meteorology, ARB is not presenting new information, but merely 
drawing the conclusion that since GHGs increase temperature, and increased temperature 
for many different reasons favors ozone production, that ozone will increase, all other 
things being the same. However, not all other things are the same. The reduction in ozone 
precursors in California over the last 20 years has reduced peak and average ozone and 
the numbers of exceedances of the 1-hour and 8-hour ozone standards. This has occurred 
despite a significant increase in total vehicle miles traveled and an increase in total fuel 
consumption (and GHG emissions) from on-highway vehicles. So clearly, other factors are 
at play. (Declaration of Jon M. Heuss) 
 
Agency Response:  The ARB staff did not draw the conclusion "that since greenhouse 
gases increase temperature, and increased temperature for many different reasons favors 
ozone production, that ozone will increase, all other things being the same". This is merely 
the commenter’s speculation of the ARB’s statement on page 20 of the Staff Report that: 
"Climate change can lead to changes in weather patterns that can influence the frequency 
of meteorological conditions conducive to the development of high pollutant 
concentrations. High temperatures, strong sunlight, and stable air masses tend to occur 
simultaneously and increase the formation of ozone and secondary organic carbon 
particles". The ARB’s statement explicitly lists possible changes.  
 
87. Comment: There are a number of concerns with ARB�S presentation of the 
relationship between ozone and temperature, as follows: 
 
• The presentation on ozone only tells a small part of the story, leaving the reader with 

the impression that any increase in GHGs and/or temperature will lead to higher ozone. 
Such is not the case. 
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• Figure 2-8 is based on ozone-temperature sensitivity in the 1996-1998 time period. 
There have been dramatic reductions in ozone and in ozone sensitivity to temperature, 
and these trends should continue, with or without GHG controls for light duty vehicles 
and trucks. 

 
• As ozone concentrations continue to decline in the future, so will ozone concentrations 

become less sensitive to temperature changes in the future. 
 
• ARB includes no analysis or attempt to quantify the increase in either temperature or 

ozone over the next 30 years, if current temperature trends continue. 
 
Overall, with these serious deficiencies in ARB�S discussion. one cannot draw any 
meaningful conclusions on the need for GHG reductions to reduce ozone in California. 
(Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  Please see responses to 
comments 80 through 86.  In addition, this comment ignores the impact of climate change 
on the peak air pollution episodes that determine the stringency of California�s ozone 
control programs, as well as the increasing trend in global background ozone that is 
caused by emissions of the greenhouse gas methane and other short-lived pollutants 
(NOx and VOC) (IPCC TAR, Ch.4). While the ARB staff was unable to predict future 
temperature increases, a recent peer-reviewed modeling analysis by university and federal 
scientists used a combination of global climate models and regional-scale climate 
modeling to project detailed, regional changes, i.e., that the average summer temperature 
increase over a 50-year timeframe in California will be 2.2 to 5.6°F.  The global climate 
model has not been linked with a regional ozone model, and therefore ARB staff was 
unable to project future ozone increases.  However, an example of the magnitude of 
possible impacts is the ozone increase observed during the European heat wave of 2003.  
Average ozone peaks in the Netherlands during June to August were 13 ppb higher 
[Fischer et al.], and population-weighted exposure to ozone peaks increased by 23 ppb in 
the United Kingdom. 
 
For additional information, please see the following recent publication; Hayhoe et al, 
Emissions pathways, climate change, and impacts on California.  Applied Physical 
Science Ecology, August 24, 2004, vol. 101 no. 34: 12422-12427 
http://www.pnas.org/cgi/content/abstract/101/34/12422?view=abstract.   

 
88. Comment: In contrast to the ARB claim, there are a number of reasons to expect 
that any increases in temperature will have a de minimus impact on ozone concentrations. 
Importantly, the relevant temperature determining the ozone effect should be the mid-day 
maximum temperature since that is the temperature that is driving the photochemistry and 
PAN decomposition at the time of the peak. Since maximum temperatures have not been 
increasing in the South Coast, little or no ozone effect is expected due to photochemistry. 
Temperature may also play a role by increasing biogenic emissions, but that impact is also 
driven primarily by daily maximum temperatures. The small increase in minimum 
temperatures would be expected to influence diurnal and other evaporative emissions. 
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However, since the major emission reductions that are on-going will reduce both ozone 
concentrations and the sensitivity of ozone to temperature, no increase in ozone is 
expected. In addition, on the global scale, any increases in temperature are expected to 
decrease ozone concentrations. Thus, there will be a reduction in background ozone that 
will tend to offset any potential increase in ozone in urban areas. (Declaration of Jon M. 
Heuss). 
 
Agency Response:  Staff disagrees with the comment.  Please see responses to 
comments 80 through 87 and 132. In addition, even a small increase in ambient air 
temperature may lead to non-attainment of an ozone standard on a regional basis since 
control strategies are based on future air quality model results using current temperatures. 
Further, long-range transport of emissions from Asia (expected to increase with increasing 
industrialization there) are likely to play a larger role in adversely impacting California’s air 
quality in the future. This is especially true at higher elevations (e.g. Mountain Counties) 
where the influence of long-range transport is seen more clearly. NOx can be transported 
long distances in the cooler layers of the upper troposphere as PAN, later producing 
ozone with high efficiency.  
 
89. Comment: The Staff Report and the use made in the Staff Report of its scientific 
references require further examination, if the connection between the proposed regulation 
and the California climate is a significant factor in the Board�s deliberations. There is no 
reliable evidence in the Staff Report or its references that the reductions in greenhouse 
gas emissions sought in the Staff Report will have any significant effect on levels of ozone, 
or any other criteria or precursor pollutant. There is also no reliable evidence that the 
reductions in greenhouse gas emissions sought in the Staff Report will reduce the health 
risks and other adverse effects attributed in the Staff Report to global climate change. 
(Declaration of Jon M. Heuss) 
 
Agency Response:  Staff disagrees with the comment.  The statement is incorrect as 
described in the responses to comments 79 through 88, 101, 120, and 611.   
 
90. Comment: According to the U.S. Environmental Protection Agency, the heat-
trapping properties of greenhouse gases cause the average surface temperature of the 
Earth to be about 33oC higher than it would be otherwise.  Over 90 percent of the 
greenhouse effect is associated with water vapor, whose quantity is not significantly 
affected by human activity.  Approximately 3oC is attributable to all other greenhouse 
gases, the most significant of which is carbon dioxide.  It is therefore not surprising that, 
several researchers have estimated that a doubling of carbon dioxide would increase 
temperatures by another 3oC.  It should be noted, however, that a doubling of 
anthropogenic carbon dioxide emissions will not cause a doubling of ambient carbon 
dioxide concentrations because of the influence of natural sources of carbon dioxide and 
uncertainty regarding the rate at which higher concentrations of carbon dioxide will be 
removed by natural �sinks.� (NERA Economic Consulti ng and Sierra Research, Inc., 
Attachment B-5, The Potential Effect of the Proposed Regulations on Ambient 
Temperature and Ozone Concentrations, September 2004). 
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Agency Response:  Many different aspects of the commenter�s statement are incorrect. 
Clouds, more than water vapor, also play a major role in the current greenhouse warming.  
Water vapor is an important feedback that enhances the impact of greenhouse gases and 
is thus indirectly increased by CO2 emissions.  
 
This statement on CO2 is incorrect:  The estimate of 3°C warming for a d oubled 
concentration of CO2 is not an estimate, it is based on applying the known physics and 
chemistry of the atmosphere/climate system and doing the simulation.  It is not a guess, 
nor is it predetermined. It is disappointing that the commenter did not bother to read the 
IPCC Synthesis Report and the underlying research on CO2 emissions, future abundances 
and the carbon-cycle feedbacks.  
 
A slow build up to a doubling of current fossil fuel CO2 emissions that is then held constant 
at about 15 PG-C/yr is exactly the stabilization scenario that leads to CO2 abundances of 
1000 ppm (about 3 times current abundances). 
 
The importance of removal of excess CO2 by a range of changes in a warmer, high-CO2 
climate has been assessed by experts on the carbon cycle and found to introduce a 
relatively small uncertainty.   
 
�Further uncertainties, especially regarding the persistence of the present removal 
processes (carbon sinks) and the magnitude of the climate feedback on the terrestrial 
biosphere, cause a variation of about -10 to +30% in the year 2100 concentration�. (IPCC, 
2001) 
 
91. Comment:  The NRDC recently completed a study, Smog in the Forecast, which 
illustrates a possible range and order of magnitude of the effects of global warming on 
ozone levels and public health in California (see Attachment A).  Despite tremendous 
efforts to control air quality, California has the most polluted air in the nation, and high 
zone levels. 
 
Ground-level ozone pollution, or smog, is a persistent environmental health problem that 
can aggravate allergies, asthma, and respiratory illness, particularly in children and the 
elderly.  Studies in California have linked high ozone levels to decreased lung function in 
school children, school absenteeism, higher incidence of asthma in children, and 
increased hospital admissions. 
 
California already faces a major challenge in controlling ozone levels, and global warming 
will likely compound that challenge.  Ozone formation is more sensitive to temperature and 
weather than other pollutants.  In scenarios examined in this study, global warming 
conditions in California would increase already unhealthy levels of smog; this in turn could 
lead to a rise in respiratory symptoms like shortness of breath, lung inflammation and 
asthma, as well as increased admissions and even death. (Roland Hwang, NRDC, 
9/23/04). 
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Agency Response: No response necessary as the Staff Report also discusses the 
potential impacts of climate change on ozone levels. 

 
92. Comment:   Our new modeling effort demonstrates future increases in ozone 
pollution brought on by global warming�s higher temperatures.  In the year 2050, 1-hour 
peak ozone concentrations could increase by an average of 3.2 parts per billion (ppb) in 
the Los Angeles region, and 2.0 ppb in the San Diego region.  In the year 2090, the daily 
1-hour maximum of ozone in the air across Los Angeles could risk by 4.8 ppb, and 3.1 ppb 
in San Diego. 
 
Areas already burdened with high ozone levels could see even greater increases in ozone 
pollution.  In 2050, some Los Angeles residents could see an 8.4 ppb rise in the daily 1-
hour maximum for ozone (Figure ES-1a).  The regional average increase alone, 3.2 ppb, 
would be roughly equivalent to the pollution created by an additional 20 million cars and 
light trucks on the road (about 139 tons of hydrocarbons and nitrogen oxides).  Current 
ozone levels are already hurting Californian�s health, and this projected increase in ozone 
pollution could make matters worse.  In both the San Diego and Los Angeles regions, 
hospital admissions for asthma in people under 65 are predicted to rise, as would the 
mortality rate. (Roland Hwang, NRDC, 9/23/04). 
 
Agency Response: No response necessary as the Staff Report also discusses the 
potential impacts of climate change on ozone levels. 
 
93. Comment: The United Nations Intergovernmental Panel on Climate Change 
(�IPCC�) estimates that global temperatures have ri sen only 0.6oC over the entire 20th 
century.  Most of the increase occurring over the last 50 years is attributed to human 
influence.  The pre-industrial atmospheric concentration of carbon dioxide has been 
estimated at 278 ppm.  It had increased to 365 ppm by 1998. (NERA Economic Consulting 
and Sierra Research, Inc., Attachment B-5, The Potential Effect of the Proposed 
Regulations on Ambient Temperature and Ozone Concentrations, September 2004). 
 
Agency Response:  This statement is correct, but fails to recognize that the contributions 
from CH4, CFCs, N2O and tropospheric O3 (also greenhouse gases) are comparable to 
CO2 � see RF figure in IPCC TAR. 
 
Global climate models project that the warming will not be evenly distributed - land areas 
will experience greater warming than the oceans, higher latitude regions (regions closer to 
the poles) are expected to warm more than equatorial regions, and the northern 
hemisphere is projected to warm more than the southern hemisphere. The global average 
surface temperature has increased over the 20th century by about 1.1°F (0.6°C).  While 
the record shows a great deal of variability, the upward trend is unambiguous. Even 
though, in a numerical sense, this increase may not seem like a lot, this temperature rise 
is happening at an extremely rapid rate, a rate of change not seen on the planet for at 
least the last 10,000 years.  It is the combined threat of the unusually large magnitude of 
this temperature increase and the speed at which it is occurring that causes great concern 
among scientists. 
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94. Comment: According to Oak Ridge National Laboratory, global carbon dioxide 
emissions from fossil fuel combustion (including gas flaring) were 6,611 million metric tons 
carbon in calendar year 2000.  Data on highway gasoline use for 2001 reported by the 
Federal Highway Administration indicates annual consumption of 129.7 billion gallons, 
which is equivalent to 314 metric tons of carbon (almost all of which is emitted in the form 
of carbon dioxide).  Absent changes in CAFÉ standar ds, the National Research Council 
estimates that gasoline consumption will increase to 195 billion gallons per year by 2030, 
which is equivalent to 473 million metric tons of carbon. (NERA Economic Consulting and 
Sierra Research, Inc., Attachment B-5, The Potential Effect of the Proposed Regulations 
on Ambient Temperature and Ozone Concentrations, September 2004). 
 
Agency Response:  This is a misleading statement of unconnected facts that appears to 
compare global fossil fuel carbon emissions to U.S. (rather than global) gasoline use. 
 
95. Comment: Ignoring the fact that not all gasoline is consumed in vehicles subject to 
CAFÉ standards, and assuming a 17 percent rebound e ffect, reducing the fuel 
consumption of all gasoline-fueled vehicles by 25 percent (the reduction associated with 
the proposed standards) would reduce carbon emissions from gasoline-fueled vehicles by 
103 million metric tons per year.  This is 1.56 percent of the current estimate of total 
anthropogenic carbon dioxide emissions and 1.7 percent of the 6,059 million metric tons of 
carbon per year increase in anthropogenic carbon dioxide emissions during the last 100 
years.  If all anthropogenic emissions caused an increase in temperatures of 0.6oC, then a 
change in carbon dioxide emissions of 103 million metric tons carbon per year would be 
expected to change temperatures by 0.01oC (0.017*0.6oC). (NERA Economic Consulting 
and Sierra Research, Inc., Attachment B-5, The Potential Effect of the Proposed 
Regulations on Ambient Temperature and Ozone Concentrations, September 2004). 
 
Agency Response: The commenter misses the point that: 
 
• The magnitude of the CO2-equivalent reduction (1.6% of C emissions) is almost as 

large as the entire aviation or shipping sectors (about 2 %);  
 
• The present-day warming today is only a fraction of the �committed� warming that we 

will experience in the coming decades (due to the past greenhouse emissions), and 
that the rate of warming is predicted to accelerate in the next decades, under even the 
most optimistic reductions of emissions; and 

 
• The CO2-equivalent reductions called for in the Staff Report represent a significant step 

at reducing California�s emissions of climate change pollutants from motor vehicles. 
 
96. Comment: To estimate the effect of a 0.01oC temperature increase on ozone 
concentrations, the U.S. EPA�s Empirical Kinetic Modeling Approach (�EKMA�) model was 
used.  The OZIPM-4 version of the EKMA model was run using a default example case 
provided by EPA incorporating a morning temperature of 294oK (69.5oC) rising to 308oK 
(94.7oC) in the late afternoon.  The temperature profile was then uniformly increased by 
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0.6oC (1.08oF) and the model was re-run.  The peak ozone levels for the second run 
increased by 1.73 ppb, from 0.16969 ppm to 0.17142 ppm.  Using the temperature 
decrease predicted for a nationwide reduction in motor vehicle fuel consumption of 25 
percent (0.01oC), the proportional change in peak ozone concentration would be 0.03 ppb, 
which is 0.00003 ppm.  This amounts to an increase of 0.02 percent in the peak ozone 
level ((0.00003/0.16969)*100). (NERA Economic Consulting and Sierra Research, Inc., 
Attachment B-5, The Potential Effect of the Proposed Regulations on Ambient 
Temperature and Ozone Concentrations, September 2004). 
 
Agency Response: The US EPA recommends the use of comprehensive photochemical 
grid models to properly assess ozone air quality model simulation results. The EKMA 
model is considered as a screening tool. Although EKMA and OZIP are relatively easy to 
use, they are limited to single day episodes.  EKAM/OZIP require multiple single runs, thus 
introducing additional errors and biases into the calculations. Also, EKMA only predicts a 
single region-wide peak ozone value, and as such cannot be used to evaluate spatial and 
temporally-varying emission scenarios or meteorological conditions.  
 
Temperature is one of the most important meteorological variables influencing air quality in 
urban atmospheres because it directly affects gas and heterogeneous chemical reaction 
rates and gas-to-particle partitioning. The commenter states that "the temperature profile 
was then uniformly increased by 0.6oC (1.08oF) and the model was re-run". This 
temperature increase of 0.6o C is too small. Simulations from leading climate models of 
changes in decadal average surface temperature for the US (excluding Alaska and 
Hawaii) based on historic and projected changes in atmospheric concentrations of 
greenhouse gases and sulfate aerosols indicate that for the 21st century, the models 
project warming ranging from 3 to 9°F for the US.  
 
97. Comment: A 21rst century warming in the range of 1.0-2.5OC, especially when 
combined with the boost in crop and forest productivity from an atmosphere richer in plant 
food (i.e. carbon dioxide) would likely have a small but beneficial impact on the U.C. 
economy. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: �Projected climate change will have beneficial and adverse effects on 
both environmental and socio-economic systems, but the larger the changes and rate of 
change in climate, the more the adverse effects predominate (IPCC Synthesis Report 
2001).� Even a 21st century temperature rise at the lower end of the IPCC scenario 
projections (1.5-2.5°C, as noted above) would proba bly yield a preponderance of negative 
impacts. Such impact assessments do not incorporate risks of negative impacts from 
future large-scale discontinuous (abrupt) climate change (see Synthesis, Fig. SPM-3). 
However, agricultural impact assessments typically do include the CO2 fertilization effect 
mentioned by the CEI. It is unclear to what the �U.C. economy� refers, but IPCC 
projections were not done at the California (CA) or U.S. level. 
 
98. Comment:  According to the IPCC, �It is now widely agreed that major loss of 
grounded ice [in the West Antarctic ice sheet] and accelerated sea level rise are very 
unlikely during the 21rst century.�  Indeed, the West Antarctic ice sheet is thickening rather 
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than thinning, and large areas of Antarctica are cooling, as are the coastal regions of the 
Greenland ice sheet.  Satellite altimetry indicates no net change in sea-level in the past 
decade, leading the scientist conducting the study to eschew �fear of any massive future 
flooding as claimed in most global warming scenarios,� and to reject the IPCC�s projection 
of an 8-86 centimeter (3-34 inch) sea-level rise in the 21rst Century as �untenable, not to 
say impossible.� (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: The comment fails to mention that the Greenland ice sheet is losing 
mass and thinning at the margins. The claim that satellite altimetry data �indicates no net 
change in sea-level in the past decade� is simply incorrect. The best current estimates 
from satellite altimetry data are that global-mean sea level has increased by roughly 3 
mm/yr over 1993-2003. 
 
99. Comment:  The IPCC finds �no compelling evidence to indicate that the 
characteristics of the tropical and extra-tropical storms have changed� during the 20 th 
century. The frequency and intensity of Atlantic tropical storms decreased during five 
decades from 1944 though 1995 � a period of net glo bal warming and rapidly rising CO2 
concentrations.  More than a dozen recent studies find no increase in the frequency or 
severity of extreme weather events in North America or the world generally. (Competitive 
Enterprise Institute, 9/21/04). 
 
Agency Response:  For a response to the part of this comment pertaining to hurricanes, 
see the response to comment 619.  For the part of this comment pertaining to extreme 
weather events, we note that Milly et al. (2002) have reported global increases in the 
frequency of catastrophic flood events. Increases in dry conditions, and in the frequencies 
of intense precipitation have also been identified. 

 
In many cases, we observe that recently occurring rare events have analogs from the 
past. Real changes, however, must be viewed in a long-term context based on a large 
sample to minimize �weather noise�. Furthermore, th e changes in the mean values (e.g., 
sea level, temperatures, etc.) when overlapping with �usual weather variability� will and do 
strengthen some of the events (e.g., temperature hot spells, coastal flooding due to strong 
storms, etc.) that otherwise would not be considered as particularly �extreme� events.  
 
Changes in extreme events over the United States are available from 
http://www.noaa.ncdc.gov extremes event pages.  Here, the �Climate Extremes Index� in 
the warm season is shown over the course of the 20th Century to have a U-shaped 
change, with extremes (defined by hurricanes, heavy precipitation, extremes of heat and 
cold, droughts and wet spells) about as high now as they were during the first few decades 
of the 20th Century. Over the past 95 years of record, three of the five largest values of the 
Climate Extremes Index have occurred since 1990. 
 
100. Comment:  Predications of sharp increases in U.S. mortality from more frequent 
and severe heat waves overlook people�s proven capacity to adapt to and protect 
themselves from climate-related stresses.  During the past several decades, the sensitivity 
of the American population to extremes of heat and humidity has declined significantly in 
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most major U.S. cities notwithstanding an overall rise in urban temperatures, whether due 
to climate change or the growth or urban heat islands.  The decline in heat-related 
mortality results from a combination of factors: improved medical care, increased 
availability and use of air conditioning, greater public awareness of the potential dangers 
of heat stress, and both human biophysical and infrastructural adaptations.  Southern 
cities, where summer heat and humidity are common and adaptation to climatic warmth is 
widespread, exhibit little or no (sic) evidence of increased mortality on hot and humid days.  
Global warming will likely have minimal impacts on total heat-related mortality in the 
United States. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: This comment suggests that people will be able to adapt to rising 
temperatures and therefore global warming is likely to have little impact on heat-related 
mortality in the future.  We agree that there is a range of approaches to adapting to rising 
temperatures that may reduce heat-related mortality.  These adaptation measures such as 
the development of heat warming systems and infrastructure changes should be 
promoted.  However, it is difficult to assess the extent to which such measures will 
decrease heat-related mortality when faced with projected extremes � such as the heat 
wave that occurred in Europe in the summer of 2003, which has been linked to over 
20,000 deaths (IFRC 2004).    In a recent study published in Nature, Stott et al. (2004) 
show, at a confidence level of greater than 90%, that more than half of the risk of 2003-like 
extreme European summers is attributable to human influences on the climate system.  
Furthermore, although the 2003 heat wave is believed to be the hottest summer in Europe 
in the last 500 years, by 2040, half of Europe’s summers could be as hot as the summer of  
2003 (Stott et al. 2004). 
 
Under these types of extremes it is impossible to assume adaptation will address all of the 
mortality.  Findings on the effect of adaptation measures, such as the use of air 
conditioning, on reducing heat-related mortality have been mixed.  While some studies 
have shown air conditioning can reduce heat-related deaths by 25% (Phelps, 1996), other 
studies have identified long periods in New York City when mortality during heat waves did 
not change significantly despite the increased use of air conditioning (Ellis and Nelson 
1978, Marmor 1975, Kalkstein, 1998).  
 
Finally, as mentioned previously, the greatest human health response to weather is based 
on variability.  Climate models suggest variability will increase.  As such, heat-related 
mortality will not diminish as the comment suggests.  The weaker response in southern 
cities is primarily based upon the lower summer climate variability (see response to 
comment 73).  Infrastructure changes also play a role, however, changes in urban 
infrastructure for vulnerable populations such as the elderly and poor are not expected.  
These vulnerable people will continue to live in row homes that are poorly suited to the 
heat.   
 
Furthermore, as the climate warms and society begins to acclimatize to new conditions, 
thresholds of impacts are likely to increase, but the extreme temperatures are also likely to 
increase. Population health will react negatively to these new, higher �extremes� until they 
adapt. Then, once we adapt to the newer extremes, they will increase again, continually 
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putting us behind in our adaptation mechanisms. Thus, we will likely continue to be �one 
step behind,� as far as adaptation goes. 

 
101.  Comment:  Predictions of more frequent and severe air pollution episodes in U.S. 
cities, although intuitively plausible because heat promotes ozone formation, ignore the 
history of dramatic air quality improvements over the past 30 years and the panoply of 
regulatory requirements that ensure continuing reductions in air pollution over the next two 
decades.  Notes air quality analyst Joel Schwartz: �Since 1975, a period during which 
climate alarmists argue that the climate has already significantly warmed, the national-
average number of exceedances of the 1-hour ozone standard declined 95 percent (from 
10 to 0.5 days per year), while the number of 8-hour ozone exceedances declined about 
60 percent (from 14 to 6 per year). (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: Staff agrees that the number of ozone exceedances has been 
declining due to more stringent emission controls.  However ozone levels in California still 
often exceed federal and state standards and any mechanism that increases ozone 
formation is of significant concern.  Results of several research studies indicate that 
climate change may affect exposures to air pollutants by a) affecting weather and thereby 
local and regional pollution concentrations; b) affecting anthropogenic emissions, including 
adaptive responses involving increased fuel combustion for fossil fuel-fired power 
generation; c) affecting natural sources of air pollutant emissions; and d ) changing the 
distribution and types of pollution, and health effects. Biogenic VOC emissions are very 
temperature-sensitive, and those emissions will not be abated in future years. Estimates of 
biogenic emissions should consider variations in climate and land use, which have a 
strong impact on emissions rates.  
 
For example, roughly 60% of all biogenic VOCs are estimated to occur in the summer, 
when temperatures are higher than at other times of the year. Although pollution control 
measures have reduced concentrations of the regulated pollutants, adverse effects of air 
pollution are still found at current concentrations using epidemiologic approaches. 
Adaptations to climate change needs to include ensuring responsiveness of air quality 
protection programs to changing pollution levels. Future research should include basic 
atmospheric science work on the association between weather and air pollutants; 
improving air pollution models and their linkage with climate change scenarios; and closing 
gaps in the understanding of exposure patterns and health effects. 
 
102. Comment:  Predictions of malaria outbreaks in Europe and the United States, 
although intuitively plausible because mosquitoes breed faster in warmer and wetter 
weather, ignore the fact that malaria is primarily a disease of poverty, not of climate.  
Malaria outbreaks were common in such northerly climes as Minnesota, Canada, Britain, 
Scandinavia, and Russia during the 19th Century, when average global temperatures were 
cooler than today.  The resurgence of malaria in some developing countries is due to 
decreased spraying of home with DDT, anti-malarial drug resistance, and incompetent 
public health programs, not to any ascertainable changes in climate.  Even if certain U.S. 
regions become warmer and wetter, malaria will not make a comeback as long as 
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misguided policies do not cripple wealth creation or impede the use of proven vector-
control measures. (Competitive Enterprise Institute, 9/21/04) 
 
Agency Response: Climate is one factor that determines the distribution and incidence of 
malaria.  Temperature affects both the Plasmodium parasite and the Anopheles mosquito, 
with thresholds at both temperature extremes limiting the survival or development of the 
two organisms.  Anopheles must live long enough to bite an infected person, allow the 
parasite to develop and then bite a susceptible human.  As noted, while climate is an 
important driver of malaria, it is not the only one.  It is reasonable to expect that developed 
countries that maintain an effective health infrastructure would not likely experience major 
outbreaks of malaria.  Please also see response to comment 610. 
 
103. Comment:  Predictions of mass extinctions due to global warming overlook the 
ecological benefits of rising CO2 levels and the observed expansion of habitat ranges. CO2 

enrichment of the atmosphere raises the optimum temperature for plant growth.  For 
example, an extra 300 parts per million (ppm) of CO2 would increase optimum temperature 
for most plants by about 4 to 8 OC � exceeding global warming projections in all but  the 
most lurid scenarios.  As atmospheric temperature and CO2 levels have risen, the range of 
plant habitats has expanded pole-ward in latitude and upward in elevation, with no loss of 
habitat at lower latitudes and elevations.  Animals that depend on those plants for 
sustenance have similarly been able to extend their ranges. Thus, during the past century, 
�individual animal species, like individual plant species, have measurably increased the 
areas of the planet�s surface that they occupy, creating more overlapping of ranges, 
greater local species richness, and an improved ability to avoid extinction.� (Competitive 
Enterprise Institute, 9/21/04) 
 
Agency Response: This is an extremely narrow and incorrect view of the science. The 
ecological �benefits� of increased CO 2 are limited to plants that already have sufficient 
water and nutrients. This effect has been included in studies of the impact on crops and 
ecosystems, and it is not found to offset the disruption caused by climate-change-induced 
habitat shift.  For example, the poleward migration of plant and animal species has already 
been observed, consistent with large-scale warming.  Often this is accompanied by 
decreased viability or increased competition (from species that likewise moved poleward) 
in the equatorward range. The CEI quote contradicts the research of most the scientific 
community. This research is summarized in the IPCC Synthesis Report:  

 
�Models of cereal crops indicate that in some temperate areas potential yields 
increase with small increases in temperature but decrease with larger temperature 
changes (medium to low confidence). In most tropical and subtropical regions, 
potential yields are projected to decrease for most projected increases in 
temperature (medium confidence). Where there is also a large decrease in rainfall 
in subtropical and tropical dryland/rainfed systems, crop yields would be even more 
adversely affected. These estimates include some adaptive responses by farmers 
and the beneficial effects of CO2 fertilization, but not the impact of projected 
increases in pest infestations and changes in climate extremes. The ability of 
livestock producers to adapt their herds to the physiological stresses associated 
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with climate change is poorly known. Warming of a few °C or more is projected to 
increase food prices globally, and may increase the risk of hunger in vulnerable 
populations.�   

Please also see response to comment 610. 
 
104. Comment:  Fears of global warming-induced ice age are a hobgoblin.  In a popular 
disaster scenario, ice melt and increased rainfall from global warming reduce the salinity 
and density of ocean surface water to the point where it no longer sinks as it cools.  This 
supposedly shuts down the Atlantic Meridonal Overturning (AMO), a convective system 
that pulls warm water from the tropics to the higher latitudes.  A massive infusion of fresh 
water may have disrupted the AMO and caused a regional cooling 8,200 years ago, when 
a huge ice dam burst, allowing lakes Agassiz and Ojibway to drain swiftly through the 
Hudson Strait to the Labrador Sea.  However, there are no comparable fresh water bodies 
that could pour into the ocean at a similar rate today.  Moreover, a weakened or even 
inactive AMO would not shut down the Gulf Stream, a wind-driven system that transports 
warmth to Northern Europe.  Even in climate models that project a weakening of the AMO 
during the 21rst Century, Europe continues to warm albeit �more slowly than the rest of the 
world.� (Competitive Enterprise Institute, 9/21/04) 
 
Agency Response: The comment is apparently referring to a Hollywood film (�popular 
disaster scenario�), and not to science. No scientific study has suggested the possibility of 
a �global warming-induced ice age,� or the shut-dow n of the Gulf Stream. 
 
What is discussed in the scientific literature, however, is the risk of changes in the Atlantic 
Meridional Overturning (AMO), which is sometimes referred to as the Atlantic thermohaline 
circulation (THC) or (in popular articles) the �ocean conveyor belt�. This circulation 
transports heat towards the northern Atlantic and Europe. A weakening, latitude shift or 
breakdown of the AMO has occurred many times in climate history. It is a sensitive system 
easily affected by density changes in the northern Atlantic: a reduction in surface water 
density hinders the sinking of water into the deep ocean, which is a crucial �motor� of the 
AMO. 
 
In the past, such a density reduction has been caused repeatedly by freshwater drainage 
or ice sheet surges into the Atlantic. In the future, such a density reduction may occur: (a) 
through surface warming, warm water having a lesser density; (b) through increased 
precipitation and river runoff; or (c) through melt-water runoff from Greenland (where 
enhanced melting is now observed). Large-scale freshening (salinity reduction) is 
underway in the relevant ocean areas and now well documented. 
 
The threshold where these trends might cause a critical change in the Atlantic currents is 
highly uncertain, and most scientists consider a breakdown of the AMO a �low probability � 
high impact� risk of global warming, i.e., a kind of �climatic accident� that is difficult to 
predict, but cannot be ruled out. A recent detailed questioning of 12 leading international 
experts on the AMO found that four of these experts thought the risk of an AMO shut-down 
was over 5% for a global warming of 2”C by 2100, and exceeded 50% for a warming of 4-
5 ”C by 2100; the majority thought the risk was smaller but not insignificant. 
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The consequences of an AMO shut-down would be numerous. Potential consequences 
include a relative regional cooling, shifts in the tropical rainfall belts, and an additional 
rapid sea level rise of ~1 meter around northern Atlantic coasts. 
 
105. Comment: ARB describes CO2 as a �climate change pollutant,� but that assumes 
the validity of the catastrophic warming theory.  It would be more accurate to describe CO2 
as a biosphere fertilizer or nutrient. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: This is an extremely narrow and incorrect view. The ecological 
�benefits� of increased CO 2 are limited to plants that already have sufficient water and 
nutrients. This effect has been included in studies of the impact on crops and ecosystems, 
and it is not found to offset the disruption caused by climate-change induced habitat shift.  
See response to comment 103.   
 
106. Comment: Scores of laboratory and field studies show that higher CO2 
concentrations help most plants grow faster, stronger, and more profusely, utilize water 
more efficiently, and resist pollution and other environmental stresses; and all animals 
directly or indirectly depend on plants as a food source.  Based on empirical studies, the 
100 ppm increase in atmospheric CO2 content over the past 150 years has increased 
mean crop yields by the following amounts: wheat, 60 percent; other C3 cereals, 70 
percent; C4 cereals, 28 percent; fruit and melons, 33 percent; legumes, 62 percent; root 
and tuber crops, 67 percent; and vegetables, 51 percent.  Were it not for the extra CO2 put 
into the atmosphere by fossil fuel combustion, either many people now living would not 
exist, or many forests not standing would have been cleared and turned into farmland � or 
both. (Competitive Enterprise Institute, 9/21/04). 
 
Agency Response: CO2 fertilization is a known effect, and has been factored into the 
projections of the agricultural impacts of future CO2 (the �draw-down� of atmospheric CO 2 
by plants, crops, and trees has also been factored into projections of future atmospheric 
CO2 abundance). However, there is considerable uncertainty as to whether this fertilization 
�effect� has any impact except where growing condit ions are ideal. The results of the 
FACE experiment (W. Schlesinger, Duke) are ambiguous, and do not clearly show that 
elevated CO2 levels cause enhanced growth. Similar experiments in prairie grasslands 
also fail to show a pronounced growth effect. The CEI fails to provide references to the 
cited �empirical studies� that claim increased agri cultural productivity under a 100 ppm 
increase in atmospheric CO2. These results are probably extrapolated possibly from 
limited greenhouse studies, and are certainly not based on field studies.  
 
107. Comment: CO2 emissions are literally greening the planet, enhancing biodiversity 
and global food security.  Continuing CO2 enrichment of the atmosphere may be 
necessary to feed a global population expected to increase by 3.3 billion over the next 50 
years � and limit pressures to convert forests and wetlands into cropland. (Competitive 
Enterprise Institute, 9/21/04). 
 
Agency Response:  Staff disagrees with the comment.  See response to comment 106. 
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108.  Comment: The IPCC and other alarmists offer no convincing evidence that CO2 
emissions pose a significant threat to people or the planet.  AB 1493 lacks a compelling 
scientific rationale. (Competitive Enterprise Institute, 9/21/04). 
Agency Response:  The National Academies of 11 different countries (including the United 
States) issued a joint statement on the �Global response to climate change� in June 2005. 
This statement reaffirmed the 2001 IPCC conclusion that �most of the warming in recent 
decades can be attributed to human activities�. The 11 Academies noted that �It is clear 
that many of the world�s poorest people are likely to suffer the most from climate change. 
Long-term global efforts to create a more healthy, prosperous and sustainable world may 
be severely hindered by changes in climate�. 
 
These conclusions of the world�s most eminent and authoritative scientific organizations 
are in stark contrast to the commenter�s unsupported assertion that there is �no convincing 
evidence that CO2 emissions pose a significant threat to people or the planet�.  
 
109. Comment: The Staff Report also draws broad, inappropriate, and misleading 
conclusions regarding the relationship between an increase in temperatures due to 
greenhouse gas emissions and an increase in ground level ozone in California.  The Staff 
Report provides only a cursory discussion, leaving the reader with the impression that any 
increase in greenhouse gases and/or temperature will lead to higher ozone levels, which is 
clearly not the case.  One need only look at California�s own data to show that there is no 
correlation between increasing carbon dioxide emissions and increasing ozone levels.  
According to California EPA�s Environmental Protection Indicators for California (EPIC) 
report of April 2002, since 1980 both peak ozone levels across the state and the total 
annual exposure to unhealthy levels of ozone have declined dramatically.  For example, in 
the South Coast Air Basin peak ozone levels have been reduced by over 60 percent since 
1980, and total annual exposure to unhealthy ozone levels has declined by over 70 
percent since 1990. (Statement of John Cabaniss, 9/23/04). 
 
Agency Response: The ARB did not draw the conclusion that " any increase in 
greenhouse gases and/or temperature will lead to higher ozone levels ". This is merely the 
commenter’s speculation of the ARB’s statement in the Staff Report (page 20) that: 
"Climate change can lead to changes in weather patterns that can influence the frequency 
of meteorological conditions conducive to the development of high pollutant 
concentrations. High temperatures, strong sunlight, and stable air masses tend to occur 
simultaneously and increase the formation of ozone and secondary organic carbon 
particles". In fact, the ARB’s statement specially mentions the importance of factors beside 
temperature on ozone.  
 
110. Comment: The ARB should be commended for its part in achieving these significant 
improvements in ozone air quality.  But it should be understood that these improvements 
occurred due to the reduction of ozone precursor emissions during this time frame.  During 
the same time period, again as reported in the EPIC report, there was about a 70 percent 
increase in total vehicle miles traveled and an increase in total on-road fuel consumption 
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(and therefore carbon dioxide emissions) of almost 30 percent. (Statement of John 
Cabaniss, 9/23,04). 
 
Agency Response:   The commenter notes that ozone improvements have occurred 
despite increases in greenhouse gas emissions.  Although this is true, that does not mean 
that greenhouse gas emissions and climate change have no effect on ozone formation.  A 
modeling analysis of greenhouse gas impacts on California by Katharine Hayhoe, et al. 
(Emissions pathways, climate change, and impacts on California) indicates that the 
average summer temperature (June � August) in Calif ornia will increase 2.2 � 5.6 OF by 
2049 from the climatological mean (1961-1990) of 73.0 OF. Long-term projections for 
surface air quality in California or in the United States must account not only for future 
changes in emissions but also for changes in climate.  
 
111. Comment: Since ARB and the California air quality management districts have 
programs in place to continue to reduce ozone precursors, there is every reason to believe 
that Californians will continue to see declining ozone levels in the future despite any 
further increases in greenhouse gas emissions from vehicles. (Statement of John 
Cabaniss, 9/23,04).   
 
Agency Response: Staff agrees that the number of ozone exceedances has been 
declining due to more stringent emission controls.  However ozone levels in California still 
often exceed federal and state standards and any mechanism that increases ozone 
formation is of significant concern.   Results of several research studies indicate that 
climate change may affect exposures to air pollutants by a) affecting weather and thereby 
local and regional pollution concentrations; b) affecting anthropogenic emissions, including 
adaptive responses involving increased fuel combustion for fossil fuel-fired power 
generation; c) affecting natural sources of air pollutant emissions; and d ) changing the 
distribution and types of pollution, and health effects. In general, ozone has proven the 
most resistant to efforts to reduce its presence in the environment. Biogenic VOC 
emissions are very temperature-sensitive, and those emissions will not be abated in future 
years. Estimates of biogenic emissions should consider variations in climate and land use, 
which have a strong impact on emissions rates. 
 
112. Comment: Despite the significant increases in carbon dioxide greenhouse gas 
emissions over the past century, California�s average temperature has increased by only 
0.7 degree F, as reported in the Staff Report and confirmed from Historical Climatology 
Network data. One hundred years ago there were very few motor vehicles in California, 
while today there are over 25 million vehicles registered in the state.  Even if this gradual 
warming trend continues for the next thirty years, the temperature increase would be only 
0.22 degree F.  With the expected reductions in ozone precursors and the related 
sensitivity of ozone to temperature, this small temperature increase would be expected to 
increase ozone by no more 1 ppb, an almost unmeasurable value compared to the ozone 
health standards.  See attached Air Improvement Resource paper. (Statement of John 
Cabaniss, 9/23/04). 
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Agency Response: As noted in response to comments 130 and 131, the increase in global 
mean surface temperature expected over 2000-2030 is 0.6-0.8°C. This is almost 
independent of the scenario modeled, since part of the increase is a delayed response to 
the rapid rise in CO2 abundance over the past 50 years.  The derived value of 0.22°F is 
incorrect, and has no scientific basis. The climate record clearly shows an accelerated 
warming in the last two decades (warmest for the last 500-1000 years), and climate 
models predict an acceleration of warming over the next 30 years. 
 
113. Comment: The ARB Staff Report also draws broad conclusions between an 
increase in temperature (due to GHGs) and an increase in ground level ozone in 
California.  The discussion is presented below. 
 
�Climate change can lead to changes in weather patterns that can influence the frequency 
of meteorological conditions conducive to the development of high pollutant 
concentrations.  High temperatures, strong sunlight, and stable air masses tend to occur 
simultaneously and increase the formation of ozone and secondary organic carbon 
particles � weather conditions associated with warm er temperatures and increased smog.  
Figure 2-8 shows the relationship between ozone and temperature in the South Coast Air 
Basin, and indicates that ozone air quality can be profoundly affected by changes in 
climate and meteorology.�  (Statement of John Cabaniss, 9/23,04, Air Improvement 
Resource, Inc., 9/20/04).  . 
 
Agency Response: The quoted paragraph speaks for itself, and does not state a singular, 
direct cause and effect. In fact, the ARB’s statement in the Staff Report (page 20) specially 
mentions the importance of factors beside temperature on ozone. Still, in this paragraph 
ARB did intend to point out that climate change can impact the factors leading to ozone 
formation.   
 
114. Comment: There are a number of concerns with ARB�s presentation of the 
relationship between ozone and temperature, as follows: 

 
The presentation on ozone only tells a small part of the story, leaving the reader with the 
impression that any increase in GHGs and/or temperature will lead to higher ozone.  Such 
is not the case.  Figure 2-8 is based on ozone-temperature sensitivity in the 1996-1998 
time period.  There have been dramatic reductions in ozone and in ozone sensitivity to 
temperature, and these trends should continue, with or without GHG controls for light duty 
vehicles and trucks.  ARB includes no analysis or attempt to quantify the increase in either 
temperature or ozone over the next 30 to 40 years, if current temperature trends continue.  
Overall, with these serious deficiencies in ARB�s discussion, one cannot draw any 
meaningful conclusions on the need for GHG reductions to reduce ozone in California. 
(Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04).  . 
 
Agency Response: The ARB did not draw any conclusions between an increase in 
temperature (due to greenhouse gases) and an increase in ground level ozone in 
California. The assumption that ozone will continue to become less sensitive to 
temperature in the future seems speculative and unproven. This hypothesis should be 



 89

tested using a comprehensive air quality airshed model simulation. Although temperature 
is one of the most important aspects of climate change and weather in general, correlating 
ozone changes to those in temperature provides only partial insight into the smog 
formation process and its dependence on meteorology. Other factors, such as increased 
biogenic and anthropogenic emissions and increased chemical reaction rates, etc., must 
also be accounted for. In general, one would expect that the position that an air basin 
occupies on the NOx - VOC isopleth diagram for ozone is changing over time, and that the 
sensitivity of ozone to temperature is likely changing.  The commenter has not provided 
data to support his sensitivity argument.  
 
115. Comment: The following paragraph from the 1995 journal article entitled �Impact of 
Temperature on Oxidant Photochemistry in Urban, Polluted Rural Remote Environments� 
sums up much of what is currently known about the relationship of ozone and temperature 
(references have been omitted for clarity): [1]1 
 
�It is widely known that elevated O3 concentrations in polluted environments are 
associated with warm temperatures.  A variety of factors, including synoptic and boundary 
layer dynamics, temperature-sensitive emissions, and photochemistry, have been 
suggested as possible causes for the observed O3 � temperature relationship.  Emissions 
of biogenic hydrocarbons increase sharply with temperature, and it has been recently 
suggested that emission rates for anthropogenic volatile organic compounds (ROG) also 
increase with temperature.  Abnormally high temperatures are frequently associated with 
high barometric pressure, stagnant circulation, and suppressed vertical mixing due to 
subsidence, all of which contribute to elevated O3 levels.  The importance of photolysis to 
the formation of O3 provides a direct link between O3 and time of year, and temperature-
dependent photochemical rate constants also provide a link between O3 and temperature.� 
(Statement of John Cabaniss, 9/23,04, Air Improvement Resource, Inc., 9/20/04).  . 
 
Agency Response:  Staff disagrees with the comment.  The above paragraph appears in 
the overview/background section of the 1995 article by Sillman and Samson. The 
conclusions of the quoted journal article state that "Results of the modeling exercise and 
accumulated observations confirm the widely acknowledged view that O3 concentrations in 
polluted environment are closely linked to temperature. �However, the pattern of 
observation from both urban and rural locations suggests that the relationship between O3 
and temperature is significantly stronger than the models would predict". Thus, the paper 
indicates that O3 concentrations in polluted environment are closely linked to temperature. 
 
116. Comment: Thus, ARB is not presenting new information, but merely drawing the 
conclusion that since GHGs may increase temperature, and increased temperature for 
many different reasons favors ozone production, that ozone will increase, all other things 
being the same.  However, not all other things are the same.  The reduction in ozone 
precursors in California over the last 20 years has reduced peak average ozone and the 
numbers of exceedances of the 1 � hour and 8 � hour  ozone standards.  This has 
occurred despite a 69 percent increase in total vehicle miles traveled and a 29 percent 
increase in total fuel consumption (and GHG emissions) from on-highway vehicles.  So 
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clearly, other factors are at  play. (Statement of John Cabaniss, 9/23/04, Air Improvement 
Resource, Inc., 9/20/04).  . 
 
Agency Response:   Staff disagrees with the comment.  Please see responses to 
comments 79 through 89. 110, 111, 114 and 115.  In addition, long-term projections for 
surface air quality in California or in the United States must account not only for future 
changes in emissions but also for changes in climate. Improving our understanding of 
linkages between climate, atmospheric chemistry, and global air quality and our ability to 
assess future states of the atmosphere will require coupling local- and regional-scale air 
quality models with global-scale climate and chemistry models. At the same time, there is 
an ongoing need to improve our understanding of how meteorology affects specific 
processes. California is planning with others, such as U.S. EPA, to collaboratively support 
the research necessary to assess the potential consequences of global climate change for 
air quality. 
 
117. Comment: The improvement in ozone in California has been documented in the 
�Environmental Protection Indicators for California� (EPIC) report produced by the 
California EPA.[2]  The EPIC report shows that both peak ozone across the state, and the 
total annual exposure to unhealthy levels of ozone for the average person, have declined 
dramatically over the last 10 to 20 years.  For example, peak ozone has declined from 
almost 0.50 ppm in 1980 in the South Coast Air Basin to about 0.18 ppm in 2000, a 
decline of 64 percent (see p.35 of EPIC).  Moreover, total annual exposure to unhealthy 
levels of ozone has declined from 23-24 ppm-hrs per person in 1990-1991 to 4-5 ppm-hrs 
per person in 2000, a decline of over 70 percent (p.37). (Statement of John Cabaniss, 
9/23/04, Air Improvement Resource, Inc., 9/20/04).  . 
 
Agency Response:  The public has certainly benefited from efforts at the national, state, 
and local level to reduce emission of ozone precursors.  In spite of substantial growth in 
population, number of motor vehicles, and vehicle miles traveled, there has been 
remarkable improvement in air quality.  However, many areas of the state continue to 
experience unhealthy air quality, particularly unhealthy levels of ozone and particulate 
matter.  Further, identifying and implementing strategies to continue to make progress 
towards achieving healthy air quality has become exceedingly difficult.  That is because 
the major sources have been substantially controlled as have many of the smaller 
individual sources.  Under current regulatory efforts, every ton of emission reductions is 
important and anything that offsets progress will lead to greater adverse health effects 
experienced by the population.  Hence, the ARB as well as other stakeholders believe that 
a discussion of the potential impacts of climate change should acknowledge its potential 
impact on temperature and the associated impact of temperature on air quality, as is the 
case with the Staff Report.   
 
118. Comment: These ambient ozone trends are confirmed by the data shown in Figure 
1.  Figure 1 presents the number of exceedances of the Federal 1 � hour ozone standard 
since 1980 for the Los Angeles-Riverside-Orange County CSMA.  Both the monitor with 
the maximum number of exceedances recorded and the average number of exceedances 
recorded across all monitors are presented in Figure 1.  Both trends exhibit a significant 
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reduction in the number of 1 � hour ozone exceedanc es since 1980.  For example, the 
average number of exceedances has declined from a peak of over 70 in 1981 to below 10 
in 2004 � a reduction of more than 85 percent. (Sta tement of John Cabaniss, 9/23/04, Air 
Improvement Resource, Inc., 9/20/04). 
 
Agency Response:  The public has certainly benefited from efforts at the national, state, 
and local level to reduce emission of ozone precursors.  In spite of the substantial growth 
in the population, number of motor vehicles, and vehicle miles traveled, there has been 
remarkable improvement in air quality.  However, many areas of the state continue to 
experience unhealthy air quality, particularly unhealthy levels of ozone and particulate 
matter.  Further, identifying and implementing strategies to continue to make progress 
towards achieving healthy air quality has become exceedingly difficult.  That is because 
the major sources have been substantially controlled as have many of the smaller 
individual sources.  Under the current regulatory efforts, every ton of emission reductions 
is important and anything that offsets progress will lead to greater adverse health effects 
experienced by the population.  Hence, the ARB as well as other stakeholders believe that 
a discussion of the potential impacts of climate change should acknowledge its potential 
impact on temperature and the associated impact of temperature on air quality, as is the 
case with the Staff Report.   
 
119. Comment: Despite the increase in fuel usage and GHG emissions from on-highway 
vehicles over the last 20 years, ozone emissions from on-highway vehicles have declined 
dramatically.  Ozone precursor emissions trends are shown in Figure 3 along side total 
estimated vehicles miles traveled (VMT).  Ozone precursor emissions of ROG and NOx 
are estimated to decrease by 75 and 48 percent, respectively, during the 1985 to 2005 
period.  During this time, however, VMT increases by 69 percent.  So despite significant 
increases in vehicle activity, ozone precursor emissions (Figure 3) have declined in step 
with measured decreases in ozone concentrations (Figure 1). (Statement of John 
Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response:  Staff agrees that ozone precursor emissions from on-highway vehicles 
have declined dramatically over the last 20 years, in step with measured decreases in 
ozone concentration.  This does not mean, however, that California should ignore factors 
such as climate change that will serve to increase ambient ozone levels. 
 
120. Comment: Figure 4 presents the estimates of on-highway ozone precursor 
emissions and VMT 20 years into the future (to 2025).  These data show that future ROG 
and NOx reductions for on-highway vehicles will continue to occur, which will result in 
further ozone reductions below current levels.  In addition, significant reductions in off-
highway mobile source ROG and NOx emissions are expected to occur due to 
implementation of ARB requirements for off-highway gasoline equipment, portable fuel 
containers, and Federal standards for off-highway diesel engines and low sulfur diesel 
regulations starting in 2010. 
 

The key conclusions from these data are the following: 
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• Ozone precursors will continue to decline dramatically for the next 20 years. 
• Thus, ozone will continue to improve over the next 30 years in California, even if an 

increase in GHG causes a small increase in temperature. (Statement of John 
Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 

 
Agency Response:  See response to comment 111.  In addition, even if the commenter 
had done the proper modeling to account for the more likely 3-9°  temperature increase 
expected, and could still demonstrate overall ozone levels will improve, this would not 
eliminate the fact that rising greenhouse gas emissions will continue to be part of the 
admittedly smaller, though substantial, public health effects from ozone. 
 
121. Comment: Due to the dramatic reduction in ozone precursors, the temperature 
sensitivity of ozone is also falling dramatically, and will continue to fall over the next 30 
years.  Thus, even if GHGs cause a very small increase in temperature, this will be more 
than offset by a reduction in ozone-temperature sensitivity. (Statement of John Cabaniss, 
9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response:  Staff disagrees with the comment.  The assumption that ozone will 
continue to become less sensitive to temperature in the future seems speculative and 
unproven. This hypothesis should be tested using a comprehensive air quality airshed 
model simulation.  Additionally, biogenic VOC are very temperature-sensitive, and these 
emissions will not be abated in future years. Air quality in the Central Valley and Sierras 
could be especially influenced by climate change due to increased biogenic VOC. Soil 
microbes produce NOX and their activity may also increase with warmer temperatures, 
leading to an increase in NOX emissions and a consequent increase in ozone amounts. 
Forest fire patterns may be altered, with consequences for PM and ozone. 
 
122. Comment: The following figure shows the change in temperature sensitivity from 
1986-1988 to 2001-2003 in Los Angeles County.  The results have been combined for the 
eight monitors in the county with adequate data for both time periods.  Results are 
consistent for all eight monitors; the individual monitor results are shown in the Attachment 
to this document.  The most dramatic reductions in temperature sensitivity are for those 
monitors with the highest results.  By 2020, ozone�s response to temperature could be 
similar to the lowest �projected� line shown, which was created by assuming the same 
percent reduction in sensitivity from 2003-2020 as occurred between 1986-1988 and 
2001-2003.  While this is not an exact estimate of the 2018-2020 ozone-temperature 
sensitivity, it is clear that the overall trend in both ozone concentration and temperature 
sensitivity will continue downward due to reduced ozone precursor emissions as part of 
the on-going South Coast Air Quality Management Plan to meet regulatory ozone 
standards.  As ozone precursor emissions continue to decline in the future, ozone 
formation will likely become less sensitive to temperature changes. (Statement of John 
Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response:  Staff disagrees with the comment.  Please see responses to 
comments 80 through 91.  The assumption that ozone will continue to become less 
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sensitive to temperature in the future seems speculative and unproven. This hypothesis 
should be tested using a comprehensive air quality airshed model simulation. 
 
123. Comment: Any ARB claim of increased ozone due to higher temperature or GHGs 
must take future-year ozone-temperature sensitivities into account.  At a minimum, ARB 
should be evaluating ozone-temperature sensitivity utilizing the most recent ambient data 
available.  Figure 2-8 in the ARB Staff Report only contains data from the 1996-1998 
period. (Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: The legislature, in enacting AB 1493, directed ARB to achieve the 
maximum feasible and cost-effective reduction in motor vehicle greenhouse gas 
emissions.  ARB staff has presented extensive evidence regarding climate change 
science, but it is important to note that for purposes of the rulemaking process these 
issues are not relevant.   
 
With regard to the scientific issues, the ARB’s future research plan includes investigation 
on sensitivity of regional air quality to climate change. This issue would include research to 
explore the effect of changes in specific meteorological variables on chemical 
transformations, transport, and ambient atmospheric concentrations for specific locations 
in California. Ambient concentrations of ozone and fine particulates are dependent on 
several meteorological variables including temperature, clouds, water vapor, wind speed, 
and precipitation patterns. Changes in these meteorological variables may directly alter 
emissions such as biogenic emissions, which could result in further changes in ambient 
concentrations. Examination of the direct influence of meteorological changes on 
emissions is in our future research plan; however, indirect adaptations of emissions to 
climate change, such as changes in energy demands, is also being investigated by other 
agency such as the California Energy Commission.  
 
124. Comment: The ARB Staff Report and EPIC report indicate that ARB believes that 
GHGs have increased temperatures in rural and less populated areas of California by 
about 0.7OF over the last century. This would seem to be ARB�s assessment of the long 
term impact of GHGs without the �heat island� effec t, since the value came from rural and 
less populated areas where the heat island effect would be minimal.  (Statement of John 
Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04).. 
 
Agency Response: The ARB�s assessment of 20th century warming in California (0.7°F) is 
derived from historical records for stations in counties with populations of less than 
100,000 people.  As a result, it is probably not biased to any significant extent by the �heat 
island� effect.  However, it is inaccurate to assume that this is the ARB�s assessment of 
the long-term impact of greenhouse gases on warming in California.  In fact, the ARB 
report clearly states that there is uncertainty in trying �to predict exactly � the rate at 
which the mean temperature will increase.� 
 
125. Comment: Trends in average annual temperature from the 1890�s until today are 
also shown in Figure 6. This figure shows average annual temperature in California from 
the Historical Climatology Network (HCN) data.  The sites used are a mixture of currently 
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urban and rural areas (although in the 1890�s, very few sites would have been considered 
�urban�).   (Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: The issue of which stations are rural and which are urban is probably 
not significant.  The large scale analysis of Jones et al. (1990), Peterson et al. (1999), and 
Peterson (2003) indicate that urbanization does not significantly impact large scale area 
averaged time series.  Specifically looking at the USHCN data set, removing stations with 
a potential urban heat island bias from the analysis has very little impact on temperature 
trends.  See agency response to comment 124. 
 
126. Comment: These data indicate a relatively warm period in 1895-1910, followed by a 
cooler period until 1923, followed by an erratic period between 1920 and 1940, followed by 
a cooler period from 1940 to 1978, followed by a warmer period that continues to the 
present.  The cyclical nature of these data point out the concerns involved in examining 
temperatures over shorter time periods: if one were to examine only the trend from 1970 to 
today, the upward trend certainly would show a steeper increase, because all of the 
warmer weather of the 1920s and 1930s would be ignored.  Over the entire period shown 
in Figure 6, the average temperature shows an increase of about 0.7OF, which is the same 
increase as stated in the ARB Staff Report for rural and less populated areas.  (Statement 
of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: This is exactly why detection and attribution studies (which seek to 
understand the causes of climate change) focus on temperature changes over long 
periods (50 to 100 years) rather than on changes over 1-2 decades only.  
 
127. Comment: The ozone figures shown earlier relate maximum ozone concentration to 
maximum temperature, the figure above shows the trend in annual average temperature.  
Unfortunately, AIR has not been able to access maximum and minimum temperature data 
over this period from the HCN database. (Statement of John Cabaniss, 9/23/04, Air 
Improvement Resource, Inc., 9/20/04). 
 
Agency Response: To be as comprehensive as possible, the Staff Report included a 
discussion of the state of the science with respect to climate change.  It also included a 
discussion of the potential impacts of climate change on California and the world.  One 
potential impact is related to exacerbating ozone levels due to elevated temperatures.  As 
with all aspects of the Staff Report, the sources were fully documented.  Further, the report 
was subjected to external review by an independent panel including a climate change 
expert.   
 
128. Comment: To evaluate trends in maximum average temperature, AIR evaluated 
measurements from the National Climatic Data Center (NCDC) available for the period 
from 1950-2003.  As shown in Figure 6, the 1950-1975 time period was relatively cool and 
the time period since then has been warmer. Therefore, an analysis which begins in 1950 
should be biased toward overestimating the maximum temperature increase relative to 
that estimated had a full century�s data been available. (Statement of John Cabaniss, 
9/23/04, Air Improvement Resource, Inc., 9/20/04). 
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Agency Response: The U.S. national temperature time series has �ups and downs� in 
response to variability in the regional and global climate system. This variability is related 
to a wide variety of factors, such as El Niæo, the Arctic Oscillation, etc. Therefore, time 
series that start at a very warm time show less warming than time series that start in cool 
times. U.S. mean temperatures over 1950 to 20046 show a trend of 0.21”F/decade. By 
comparison, starting at the earliest year available in that system (1895) the trend is 
0.10”F/decade. If one instead starts the analyses in 1976, the trend is 0.56”F/decade. The 
commenter is correct in noting that the choice of the analysis period directly impacts the 
results, though in all the cases cited here, the temperature is warming.  Which period is 
the most appropriate to use (in other words, which period gives the most relevant 
information, neither underestimating nor overestimating the pertinent change) will vary 
based on the exact question being asked. 
 
129. Comment: To attempt to eliminate the heat-island effect which is not GHG related, 
AIR estimated temperature trends for monitoring stations in the state where the population 
is less than 5,000 people per square mile.  A curve was then fit through the data to 
evaluate the temperature increase at the intercept (0 people per square mile).  The results 
are shown in Figure 7. The change in maximum temperature for the 53-year period is 
estimated to equal 0.38OF. Note the scatter plot � there are many stations in California 
where the temperature was cooler in 2003 than in 1950, rather than warmer.  Also, as 
indicated above, the starting and ending years for this analysis favor a temperature 
increase, where if maximum daily temperature data were available over a longer period, 
there may be no rural maximum temperature increase estimated. (Statement of John 
Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: It is unclear what data AIR used in their analysis. The data are listed 
as coming from the National Climatic Data Center (NCDC), but it is not clear whether they 
used homogeneity adjusted U.S. Historical Climate Network temperatures, or data from 
stations with no adjustments to account for station moves or changes in instrumentation. If 
they used inhomogeneous data, that would be a likely leading explanation of the scatter in 
their results. Also, AIR analyzed trends in daily maximum temperature. It has been well 
documented that minimum temperature has been rising faster than maximum over the last 
50 years (Easterling et al., 1997). It is also unclear just what AIR is showing on their Figure 
7. The Y-axis is labeled �1950-2003 Temperature Change (F)�. In a regression analysis, 
temperature change is typically expressed in units of degrees F or C per month or year. 
One possible interpretation is that the AIR Figure 7 shows the regression slopes multiplied 
by 54 years of data to give units of degrees F. Another interpretation is that the Figure 
might illustrate the annual temperature in 2003 minus the annual temperature in 1950. If 
the latter is the case, it is a very unstable analysis, which is extremely sensitive to the 
values of the particular year chosen. Such an analysis would be expected to have a large 
scatter. 
 
Examination of temperature trends for global rural stations versus the full data set found 
no difference (Peterson et al., 1999).  Comparison of hundreds of US rural and urban 
                                            
6 Based on US Climate at a Glance, http://www.ncdc.noaa.gov/oa/climate/research/cag3/cag3.html. 
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stations found that the urban heat island effect on US temperatures was miniscule 
(Peterson, 2003; Peterson and Owen 2005).  Comparison of trends at urban stations on 
both windy days (when urban heat islands should be minimized) and calm days (when 
urban heat islands should be enhanced) showed no significant difference (Parker, 2004). 
This is compelling evidence that increased urbanization is not significantly impacting in situ 
climate observations.  Please see response to comment 38. 
 
130. Comment: This analysis shows a 0.38OF increase in maximum temperature over 53 
years. If it is assumed that the next 30 years would see the same rate of temperature 
change, the increase in average maximum temperature would be 0.22OF greater than that 
measured today. The ozone versus temperature correlations presented earlier in Figure 5 
can be used to determined (sic) what change in ozone would be expected from a 0.22OF 
increase in average maximum temperature (but this ignores the expected further decline in 
ozone versus temperature sensitivity discussed above).  If GHG emissions increase the 
average maximum temperature by 0.22OF then an 85OF maximum temperature of today 
could be an 85.22OF maximum temperature 30 years from now.  Using the correlation 
based on the 2001-2003 ozone data (shown in Figure 5), the 0.22OF difference would 
correspond to an increase in ozone of only 0.3 ppb (or 0.0003 ppm).  This increase equals 
0.3 percent of the current State 1 � hour ozone sta ndard of 90 ppb (or 0.09 ppm). 
(Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: The expected rise in global mean surface from 2000 to 2030 is 0.6-
0.8°C (1.1-1.4°F).  There is no scientific basis fo r the 0.22°F number quoted here.  Specific 
predictions for California have larger uncertainty (see Hayhoe et al. paper) but predict on 
average (over a number of years) a similar increase. (see IPCC 2001 and the US National 
Assessment). 

 
131. Comment: Using the same approach at 95OF, an increase of 0.22OF to a daily 
maximum of 95.22OF results in an estimated ozone increase of 0.5 ppb or 0.6 percent of 
the state 1 � hour ozone standard.  Again, these es timates rely on the 2001 � 2003 ozone-
temperature correlation of Figure 5. (Statement of John Cabaniss, 9/23/04, Air 
Improvement Resource, Inc., 9/20/04). 
 
Agency Response: The expected rise in global mean surface temperature from 2000 to 
2030 is 0.6-0.8°C (1.1-1.4°F).  There is no scienti fic basis for the 0.22°F number quoted.  
Specific predictions for California have larger uncertainty (see Hayhoe et al. paper) but 
predict, on average, (over a number of years) a similar increase. (see IPCC 2001 and the 
US National Assessment).  
 
132. Comment: Now realizing that 30 years from now, ozone concentrations will be even 
less sensitive to temperature increases, the estimated increases in ozone presented here 
are likely high.  Moreover with natural background ozone levels estimated at between 10 
and 20 ppb, [3] it is apparent that changes in ozone of this magnitude (less than 1 ppb or 
levels measured in the tenths of one percent of the standard) are inconsequential to ozone 
air quality in California. (Statement of John Cabaniss, 9/23/04, Air Improvement Resource, 
Inc., 9/20/04). 
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Agency Response:  Staff disagrees with the comment.  Please see responses to 
comments 110, 111, 114, 115, and 119 through 123.  The assumption that ozone will 
continue to become less sensitive to temperature in the future seems speculative and 
unproven. This hypothesis should be tested using a comprehensive air quality airshed 
model simulation. The commenter stated the presence of natural background 
concentrations of ozone as 10-20. This estimate does not include the influence of global 
industrialization, which has raised global background concentrations of ozone to 20-30 
ppb; in fact, many areas near major urban areas have regional background ozone levels 
that are higher.  The increasing background concentration of ozone makes the importance 
of anthropogenic emission reductions even greater and once again, it will be necessary to 
consider any and all feasible control measures.   
 
133. Comment: The significant conclusions of this analysis are as follows: 

 
• California ozone concentrations will continue to decline with continued decreases in 

ozone precursor emissions. 
• Historical data over the last 20 years show that ozone concentrations have declined 

dramatically despite significant increases in on-highway GHG emissions. 
• Historical data over the last 20 years show that ozone concentrations have declined 

dramatically during this period of �increasing temperatures� that ARB attributes to GHG 
emissions. 

• Los Angeles County monitoring data show that ozone is becoming less sensitive to 
temperature change over time.  Furthermore, ozone concentrations will likely continue 
to become less sensitive to temperature changes in the future as ozone precursors are 
reduced further. 

• An analysis representing 30 years from today, using conservative assumptions for both 
the GHG-related increase in maximum temperature and for the impact of temperature 
on ozone, results in estimated ozone increases of well below 1 ppb from GHG-related 
temperature increases.  Changes in ozone concentrations of this magnitude will not 
have a significant impact on ozone air quality in California.  

(Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: Considerable progress has been made and must continue to attain 
healthy air quality for all Californians. Achieving further reduction in ozone precursors is 
becoming increasingly difficult. Anything that has the potential to exacerbate poor air 
quality such as climate change is a threat to public health. Further, biogenic VOCs are 
very temperature-sensitive, and these emissions will not be abated in future years. Air 
quality in the Central Valley and Sierras could be especially influenced by climate change 
due to increased biogenic VOC. Soil microbes produce NOX and their activity may also 
increase with warmer temperatures, leading to an increase in NOX emissions and a 
consequent increase in ozone amounts. Forest fire patterns may be altered, with 
consequences for PM and ozone. . Long-term projections for surface air quality in 
California or in the United States must account not only for future changes in emissions 
but also for changes in climate.   Please see more detailed responses to following 
comments.   
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134. Comment:  Historical data over the last 20 years show that ozone concentrations 
have declined dramatically despite significant increases in on-highway GHG emissions 
(Statement of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response:  Staff agrees that ozone precursor emissions from on-highway vehicles 
have declined dramatically over the last 20 years, despite increases in on-highway 
greenhouse gas emissions.  This does not mean, however, that California should ignore 
factors such as climate change that will serve to increase ambient ozone levels. 
 
135. Comment:  Historical data over the last 20 years show that ozone concentrations 
have declined dramatically during this period of �increasing temperatures� that ARB 
attributes to GHG emissions (Statement of John Cabaniss, 9/23/04, Air Improvement 
Resource, Inc., 9/20/04). 

 
Agency Response: The ARB did not draw any conclusions between an increase in 
temperature (due to greenhouse gases) and an increase in ground level ozone in 
California. In fact, ARB�s statement in the ISOR (p. 20) specifically mentions the 
importance of factors other than beside temperature on ozone.  Ozone pollution is 
produced by a complex series of chemical reactions involving automotive and industrial 
emissions of volatile organic compounds, nitrogen oxides from the same sources, and 
sunlight. As temperatures increase during the day, solar energy enhances those chemical 
reactions and increases the amount of ozone produced. Correspondingly, as temperatures 
decrease, the chemical reactions are slowed and smog is seldom formed. The U.S. EPA 
has compiled an annual 90oF temperature profile for more than 90 ozone non- attainment 
areas for 1967 through 1989. The results indicate that a temperature yardstick is a good 
indicator of how many days per year weather conditions (i.e., high temperatures, low wind 
speeds, and temperature inversions) are conducive to smog formation (Rethinking the 
Ozone Problem in Urban and Regional Air Pollution, Washington: National Academy of 
Sciences, December 1991). 
 
136. Comment:  An analysis representing 30 years from today, using conservative 
assumptions for both the GHG-related increase in maximum temperature and for the 
impact of temperature on ozone, results in estimated ozone increases of well below 1 ppb 
from GHG-related temperature increases.  Changes in ozone concentrations of this 
magnitude will not have a significant impact on ozone air quality in California. (Statement 
of John Cabaniss, 9/23/04, Air Improvement Resource, Inc., 9/20/04). 
 
Agency Response: Ozone is an air quality problem today for much of the world’s 
population. Regions can exceed the ozone air quality standards (AQS) through a 
combination of local emissions, meteorology favoring pollution episodes, and the clean-air 
baseline levels of ozone upon which pollution builds. The IPCC 2001 assessment studied 
a range of global emission scenarios and found by 2030, near-surface increases over 
much of the northern hemisphere are estimated to be about 5 ppb (+2 to +7 ppb over the 
range of scenarios). By 2100 the two more extreme scenarios project baseline ozone 
increases of >20 ppb, while the other four scenarios give changes of -4 to +10 ppb. Even 
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modest increases in the background abundance of tropospheric ozone might defeat 
current AQS strategies. The larger increases, however, would gravely threaten both urban 
and rural air quality over most of the northern hemisphere despite the projected emission 
reductions from current and planned control measures assumed in the commenter�s 
analysis.   
 
137. Comment: AB 1493 responds to the opinion that industrial emissions of greenhouse 
gases, chiefly carbon dioxide (CO2) from fossil fuel combustion, will dramatically warm the 
planet, with potentially catastrophic impacts on people, economics, and eco-systems.  
However, evidence continues to build that any increase in average global temperatures 
from manmade greenhouse gases will likely be close to the low end (1.4OC, 2.5OF) of the 
Intergovernmental Panel on Climate Change�s (IPCC) global warming projections for the 
next 100 years.  (Competitive Enterprise Institute (CEI), 9/21/04). 
 
Agency Response: The first statement is the major conclusion of more than 1,000 
scientists involved in preparing the IPCC�s Third Assessment Report (2001). This is not an 
�opinion�. It is a scientific conclusion, based on the physical understanding of the climate 
system, empirical evidence, climate model simulations, and rigorous �fingerprint� detection 
studies. There is little credible evidence to the contrary in the scientific literature. The CEI 
provides no scientific information in support of their statement that �any increase in global 
temperatures from man-made greenhouse gases will likely be close to the low end�. It is 
possible that the CEI�s confusion arises from recent efforts to design a greenhouse �path� 
that would keep the warming at the low end of the IPCC scenarios. Even these scenarios 
advocate very strong controls on greenhouse gas emissions. 
 
138. Comment: Forecasts of significantly greater warming, such as the IPCC�s high-end 
(5.8OC, 10.4OF) projection, are based on questionable climate history, misleading surface 
temperature records, the pretence that scientists know enough about natural climate 
variability to attribute all or most recent warming to greenhouse gas emissions, errant 
climate models, implausible emission scenarios, and unconfirmed feedback effects.  
Moreover, predictions of rapidly rising seas, �super-storms,� mass extinctions and other 
eco-disasters are based on speculation and fear, not science. (Competitive Enterprise 
Institute, 9/21/04). 
 
Agency Response: This statement is incorrect and demonstrates a lack of understanding 
of climate research. The IPCC temperature projections (both high- and low-end) are not 
based on climate history (�questionable� or otherwi se), or on surface temperatures, or 
even on the attribution of current warming to human activities. They are based on the 
basic physics, chemistry, dynamics and energetics of the atmosphere and climate system 
that have been proven over and over again in the laboratory and in field measurements. 
Similarly, natural climate variability is not included in these increases and could make it 
better or worse.  It is useful to note that the �natural� climate variability over the last 500 to 
1,000 years has been much less than 0.5°C. Rising s ea level, ecosystem degradation, and 
more intense continental precipitation have already been observed over the 20th century 
warming and we expect these trends to worsen in the 21st. The specter of �eco-disasters� 
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is being raised by the CEI � not by the IPCC. We re commend that the CEI turn to 
published IPCC assessments for authoritative information on climate change. 
 
139.  Comment:  ARB cites the U.S. National Assessment�s projection of a 3-5OC (5-
9OF) increase in average U.S. temperatures in the next 100 years.  However, the National 
Assessment�s scary climate scenarios have no scientific credibility.  The National 
Assessment relied on two outlier climate models � t he �hottest� and the �wettest� out of 
some 26 models available to the Clinton team.  Worse, as University of Virginia 
climatologist Patrick Michaels discovered, and National Oceanic and Atmospheric 
Administration scientist Thomas Karl confirmed, the two underlying models � British and 
Canadian � were incapable of replicating past U.S. temperature trends regardless of the 
averaging period used (five-year, ten-year, or 25-year).  Models that cannot hind-cast past 
climate cannot be trusted to forecast future climate. (Competitive Enterprise Institute, 
9/21/04). 
 
Agency Response:  Staff disagrees with the comment.  Analyses at the global scale for the 
two primary models used in the National Assessment indicate that there is general 
agreement with the observed long-term trend in temperature over the 20th century, but the 
Canadian Climate Model is significantly more sensitive to greenhouse gases compared to 
the Hadley Centre Model, and may be thought of as the �hotter� of the two models.  This 
higher climate sensitivity of the Canadian model may be due to projection of an earlier 
melting of the Arctic sea ice than the Hadley model.  It is not yet clear how rapidly this 
melting may take place.  
 
The Canadian Climate Model is seen to have a relatively high sensitivity to increases in 
greenhouse gases compared to other models, but its sensitivity is quite comparable to a 
model not used in the National Assessment, NOAA�s Geophysical Fluid Dynamics 
Laboratory R15 model. So, although the Canadian model does appear to be one of the 
more sensitive models to increases in greenhouse gases, it is not an outlier. By 
comparison, the Hadley Centre model appears to have moderate sensitivity to increases in 
greenhouse gases.  
 
140. Comment:   �One area of considerable concern is the effect of climate change on 
California�s water supply..�.  First, what does this have to do with vehicle emissions?  Is 
reducing the CO2 emission from vehicles going to change the water supply runoff?  
Second, since the snow pack runoff has been decreasing for the last 100 years, why 
haven�t we built dams to catch the excess?  Why is the ARB talking about this?  Also, the 
sea level has been rising for the last 20,000 years (about 160 feet), due to warming 
oceans and melting ice caps.  It will probably continue.  So build seawalls out of concrete 
which generates CO2 emissions.  Don�t solve a rising sea problem with vehicle emissions 
or pretend that they are related. (Dodd, 9/15/04). 

 

Agency Response:  Staff disagrees with the comment.  The Staff Report discusses the 
potential impacts of climate change on the water supply as well as other ecological 
systems.  The purpose of the information is to provide the public and other interested 
stakeholders with a complete picture of the science of climate change including the 
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potential impacts on California and the world.  The scientific support for consideration of 
such effects is well documented in the Staff Report and in the responses to previous 
comments. 

(5). Section 2.7�Abrupt Climate Change 
 
141. Comment: In the popular imagination, global warming is associated with a parade 
of horrors: floods, extreme weather, mass extinctions, �killer� heat waves, deteriorating air 
quality, even a new ice age. Such scares do not survive scrutiny. (Competitive Enterprise 
Institute, 9/21/04).  
 
Agency Response: As discussed in the Staff Report, recent and rapidly advancing 
evidence demonstrates that the Earth�s climate repeatedly has shifted. And abrupt climate 
change may be more likely in the future. Thus, in addition to the gradual (albeit 
accelerated) climate changes projected by current climate models, Californians need to be 
aware of the possibility of much more sudden climate shifts. These shifts have a 
scientifically well-founded place among the possible futures facing the State and should be 
among the possibilities accommodated in planning and adaptation measures. Therefore 
the Staff Report (page 24) also discusses the current scientific understanding with respect 
to abrupt climate change. 
 
b. ISOR Section 3�California Actions to Address Cli mate Change 
 
142. Comment:   We would also like to acknowledge California�s ongoing efforts to 
develop a statewide strategy to reduce greenhouse gas emissions from all major sources 
across the state.  California, through this proposed rule and myriad other actions from 
promoting renewable energy to green building standards, recognizes the importance of 
taking steps now to deal with global warming that will adversely affect California�s air 
quality, water supplies and coastal resources. (Haxthausen, Environmental Defense, 
11/05/04). 

 
Agency Response: No response necessary. 
 
c. ISOR Section 5�Maximum Feasible and Cost-Effecti ve Technologies 

(1). Overall Feasibility--Support 
 
143. Comment:  The ISOR provides a well-grounded assessment of the technological 
potential for vehicular greenhouse gas (GHG) emissions reduction. The ISOR identifies 
the numerous options automakers have at their disposal to meet the proposed standards 
cost-effectively. The technologies analyzed by CARB staff represent a practical and 
affordable set of options that automotive engineers can use to redesign light duty vehicles 
in order to achieve lower GHG emissions.  
  
The GHG emissions reduction targets and timetable laid out in the proposal can readily be 
met by automakers consistently within the requirements of AB 1493. In particular, the 
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reduction targets can be met without restricting consumer choice of sport utility vehicles or 
any other style of vehicle popular in the market today or over the time horizon covered by 
the regulation. In fact, the proposed regulations will expand consumer choice by 
stimulating the adoption of better technology and stimulating the creativity of auto 
designers and engineers to provide cars and light trucks that meet market needs while 
saving consumers money and protecting the environment.  
 
Environmental Defense’s review of the ISOR’s estimates of maximum feasible GHG 
reductions by vehicle class indicate that these values are fully in line with the automotive 
technology assessments in which we have been involved and which we have reviewed. 
Many of the technologies analyzed in the draft staff proposal were described by experts 
from automobile companies, suppliers, engineering consultancies, and academics at the 
March 2003 International Vehicle Technology Symposium hosted by CARB.  Systems 
analysis results presented at that symposium, designed to account for both positive and 
negative interactions among technologies, identified potential CO2 emissions reductions of 
up to 40% for light duty vehicles operating on gasoline. The proposal’s assessment falls 
well within that range.  
 
The proposal’s estimates are conservative in that they rely neither on the most advanced 
technology already available, such as hybrid-electric vehicles (HEVs) nor on assumptions 
regarding the engineering progress likely to be stimulated by the advent of motor vehicle 
GHG regulation. For example, our estimates of the technical potential through use of 
HEVs but without either mass reduction technology or air conditioning system 
improvements, is a fleetwide CO2 emissions reduction of 43% in a mid-term time frame -- 
a value that exceeds the reductions that would be required under CARB’s proposed GHG 
emissions standards. 
 
CARB�s analysis of the economic impacts associated with the proposed regulations relies 
on well-established methodologies and uses conservative assumptions. The analysis 
demonstrates that the proposed reductions in greenhouse gas emissions from new motor 
vehicles can be achieved in a way that is both cost-effective and economical to 
consumers. These results are consistent with numerous previous studies that have found 
that reductions of greenhouse gas emissions from motor vehicles can be achieved in ways 
that would repay vehicle owners well within a vehicle’s lifetime.   (John M. DeCicco, Ph.D., 
and Kate M. Larsen, Environmental Defense; letters of support also received from Natural 
Resources Defense Council, Bluewater Network, Environment California, Communities for 
a Better Environment, Union of Concerned Scientists, Sierra Club, Coalition for Clean Air, 
Conservation Law Foundation, Alliance for a Clean Waterfront, As You Sow, The David 
Brower Fund, Clean Water Action, Coalition of Concerned National Park Retirees, 
Community Clean Water Institute, National Parks Conservation Council, Neighborhood 
Parks Council, Rainforest Action Network, San Francisco Bicycle Coalition, San Francisco 
Tomorrow, Santa Barbara Channelkeeper, Vote Solar Initiative, Community Action to Fight 
Asthma) 
 
Agency Response:  Staff agrees with the comment. 
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144. Comment:  Environmental Defense finds staff�s proposal to be extremely well 
grounded in the engineering and the economics of this issue.  The estimates are very 
consistent with the kinds of potential technology-based reductions of greenhouse gas 
emissions that we’ve seen that are really well known in the engineering community.   Many 
of the technologies described by staff are on the road.  These proposals can be met with 
essentially design refinement.  Evolution of conventional technology doesn’t require 
anything exotic.  That’s one of the reasons why these costs are so low and so cost 
effective from a consumer point of view. (John DeCicco, Senior Fellow with Environmental 
Defense) 
 
Agency Response:  Staff agrees with the comment.   
 
145. Comment:   New York believes that staff�s proposal provides auto manufacturers 
with the flexibility necessary to bring compliant vehicles to the market.  This is 
accomplished through the use of phase in periods to reach both the near and midterm 
standards as well as a vast array of existing and emerging technologies that are expected 
to be widely available within the next decade.  The proposal provides additional flexibility 
by allowing manufacturers to participate in an alternative compliance program. (David 
Shaw, Director of the Air Resources Program at the New York State Department of 
Environmental Conservation). 
 
Agency Response:  Staff agrees with the comment. 
 
146. Comment:   The NESCAFF study found that cost-effective technologies exist to 
reduce motor vehicle greenhouse gases for a range of reductions of up to 47 percent.  
NESCAUM and NESCAF believe the standards proposed by the ARB staff make sure that 
significant GHG reductions for motor vehicles will be achieved expeditiously, while at the 
same time provide an adequate lead tome for manufacturers to meet the standards. 
(Coralie Cooper, NESCAUM) 
 
Agency Response:  Staff agrees with the comment. 
 
147. Comment:   The UCS conducted an independent study to assess the technological 
potential and cost of reducing vehicle -- greenhouse gas emissions in California in 
accordance with the regulation.  We used the modal energy and emissions model, which 
was developed using federal highway funds through the Universities of Michigan and 
California.  Like CARB’s analysis, our analysis is based on vehicle simulation modeling.  
We modeled five classes of vehicles and we looked at two different levels of technology. 
 
What remains important here is consistency across the vehicle classes.  So together these 
two studies illustrate the feasibility and cost effectiveness of the proposed regulations. 
(Louise Bedsworth, Union of Concerned Scientists) 
 
Agency Response:  Staff agrees with the comment. 
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(2). Overall Feasibility--Opposition 
 
148. Comment:   The staff proposal goes far beyond what is reasonable and achievable 
in the timeframe considered.  The proposal even goes beyond what the National Academy 
of Sciences and the federal government found to be technically and economically feasible. 
 
The ARB staff proposal mandates the use of all those technologies identified as capable of 
improving fuel economy on all vehicles.  This type of technology mandate fails to properly 
account for various driving conditions our vehicles are required to accommodate.  It does 
not account for preferences of consumers for certain levels of performance.  It does not 
acknowledge different approaches that automobiles take in designing vehicles and the 
technologies already in use.  
 
Forcing expensive and sometimes unproven technologies on Californians goes far beyond 
the requirements of AB 1493, leading to costly vehicles that may well sacrifice the 
attributes that most consumers want.  In fact the proposed standard based on how 
California now defines them are so extreme that not even a zero-emission hydrogen-
powered vehicle would meet them.  This means California would have to consider 
disbanding the fuel cell partnership and closing down the hydrogen highway.  (Fred 
Webber, The Auto Alliance) 
 
Agency Response:  Staff disagrees with the comment.  Neither the National Academy of 
Sciences nor the federal government has conducted a comprehensive study that 
examined the greenhouse gas reduction potential of combining vehicle technologies for 
the California market.  That is why staff relied on the NESCCAF study that addressed 
many of the shortcomings of previous studies of greenhouse gas reduction technologies.  
Furthermore, staff is not aware of any determination by either agency as to what is 
technically and economically feasible in the 2009 to 2013 timeframe.  Staff also went 
beyond the NAS study to focus the analysis on the California market. 
 
As noted in various other responses, the staff proposal is based on extensive modeling by 
AVL that demonstrated that none of the technologies identified impair vehicle performance 
or the attributes that consumers expect from their vehicles, or limit the driving conditions 
vehicles are required to accommodate.  Furthermore, the baseline vehicles in the 
NESCCAF study were selected specifically to represent the range of vehicle types that 
manufacturers currently offer. 
 
Concerning the comment on vehicle costs, see responses in section III.A.2.c(4).  
Regarding the commenter�s reference to hydrogen powered vehicles, see response to 
Comment 545. 
 
149. Comment:   One of the primary vehicles used throughout California�s agricultural 
industry is the pickup truck.  Pickup trucks up to 8500 pounds GVWR are subject to these 
proposed regulations.  Indeed, it is likely that these pickup trucks are one of the most 
numerous vehicles used today in the California agricultural industry.  This size of pickup is 
used extensively throughout California on farms, ranches, vineyards, orchards, livestock 
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and dairy operations, and other agricultural facilities.  Anyone who travels throughout the 
state�s numerous agricultural areas will see thousands of these trucks.  They are used for 
the widest variety of tasks and are prized for their utility and durability. 
 
Another vehicle type used extensively in the agricultural community is large SUVs with 
GVWRs both above and below 8500 lbs.  Farmers and ranchers and others often use 
these SUVs in the agricultural industry to haul trailers, or carry cargo, where an enclosed 
load carrying area is needed. 
 
Since people in the agricultural community use their vehicles for commercial and 
noncommercial transportation they will be affected by these proposed regulations.  The 
costs of the proposed regulation, estimated by ARB staff at over $1000 per vehicle when 
fully implemented, are unacceptable. 
 
Farmers and ranchers already face a myriad of state-only regulations that put them at a 
competitive disadvantage by operating in California.  While the agricultural industry 
supports clean air measures that are on an incentive and cost-efficient basis, we do not 
believe mandatory regulations or a one-size fits all approach is the most economically 
viable option for California to achieve its clean air goal.  These proposed CA-only vehicle 
requirements will make pickups and SUVs more expensive to buy than if purchased in 
other states.  With all respect, our organizations strongly recommend that ARB not adopt 
the proposed regulations.  (letter signed by California Farm Bureau Federation, Alameda 
County Farm Bureau, Contra Cost County Farm Bureau, El Dorado County Farm Bureau, 
Imperial County Farm Bureau, Kern County Farm Bureau, Lake County Farm Bureau, 
Mendocino County Farm Bureau, Monterey County Farm Bureau, San Joaquin County 
Farm Bureau, San Mateo County Farm Bureau, Trinity County Farm Bureau, Tulare 
County Farm Bureau, Yolo County Farm Bureau, Yuba-Sutter County Farm Bureau; 
similar letter received from Tulare County Farm Bureau.)  
 
Agency Response: Staff disagrees with the comment.  Large pickup trucks and SUVs 
typically sell for $25,000 and up.  Therefore, the estimated increase in vehicle price is less 
than 4% of the purchase cost and is offset by the operating cost savings in a few years.  In 
fact, staff�s analysis shows that the operating cost savings are realized immediately 
resulting in a net monthly savings on a typical new vehicle loan.  Furthermore, the 
operating cost savings continue to occur beyond the payback period providing savings 
throughout the vehicle�s lifetime.  Accordingly, staff does not believe that the regulation is 
particularly burdensome to farmers or other California consumers. 

(3). Section 5.2�Technology Assessment 
 
150. Comment: The baseline technology assumptions are said to be based on 
�market research� by one of the Northeast States Co alition for a Clean Air Future 
(NESCCAF) contractors.  According to the NESCCAF report, Martec, Inc. �conducted 
detailed market research into Original Equipment Manufacturer (OEM) product plans and 
developed a database of estimated 2009 vehicle platforms under baseline conditions.�  
(Based on our private communications with OEMs representing well over 50% of total 
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vehicle sales, there was no such disclosure of product plans to Martec.  To the contrary, it 
appears that Martec may have contacted and attempted to interview the engineering or 
product staffs for some OEMs, but did not receive any concrete information.) (Appendix C 
to letter from Alliance of Automobile Manufacturers) 
 
Agency Response: Martec is an established market based research and consulting firm 
with offices in the United States, Europe and Asia.  In the transportation sector, Martec�s 
customers include automobile manufacturers and major suppliers of automobile 
components.  These companies utilize Martec�s expertise in market and technology trends 
in the automotive industry to assist them in planning future commercial activities. In 
response to this comment, Martec stated they have been continually engaged with OEMs 
and component, technology and system suppliers to evaluate the relative merits of 
individual new technologies, components and systems.   It is staff�s perception that 
Martec�s contacts are routine rather than formal requests for interviews at the top levels of 
an OEM.  These longtime ongoing contacts, and conclusions based thereon, may be more 
reliable than information received from the top levels of the OEMs, who have expressed 
opposition to this regulatory process and who in fact have sued the ARB in both state and 
federal court.   
 
151. Comment: ARB staff overestimated the potential for reducing carbon dioxide 
emissions by mistakenly applying the benefits of automatic transmission design 
improvements to vehicles equipped with manual transmissions.  For example, ARB staff 
failed to account for the fact that 13% of passenger cars are equipped with manual 
transmissions and assumed that 100% of passenger cars would benefit from 
improvements in automatic transmissions.  (Declaration of Thomas C. Austin, Appendix C 
to the letter from the Alliance of Automobile Manufacturers) 
 
Agency Response: Staff disagrees with the comment.  It would have been inordinately 
expensive and time consuming to model all of the discrete technology combinations such 
as transmission types and valvetrain technologies incorporated into motor vehicles.  
Accordingly, the baseline vehicles used in the NESCCAF study were selected to include 
the dominant technologies, which included automatic transmissions, for each of the five 
vehicle classes in model years 2002 and 2009.  As noted by the commenter, the benefit of 
improved automatic transmissions was assigned to the small percentage of passenger 
cars with manual transmissions.  However, adjusting the passenger car standard to 
account for the small fraction (13%) of the fleet with manual transmissions would reduce 
the 2016 emission standards by less than 1%.  This is within the margin of error of the 
NESCCAF study (ranging from �1.3 % for large truck to +0.5% for small car) as illustrated 
in table 2-3 of the NESCCAF report comparing the simulated results for the 2002 baseline 
vehicles to their published CO2 emissions.  Considering the magnitude of this adjustment, 
the impact on manufacturers� ability to meet the greenhouse gas emission standards is 
negligible. 
 
152. Comment: The fuel economy benefits of automatic transmission improvements 
were inadvertently assigned to manual transmissions as well. (Alliance of Automobile 
Manufacturers)   
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Agency Response: Staff disagrees with the comment.  See response to Comment 151. 
 
153. Comment: Some of the ISOR listed technologies have technical obstacles that 
must still be overcome before they are feasible for high volume production in the near and 
mid term time frame (e.g., camless valve actuation and homogeneous charge 
compression ignition for either gasoline or diesel).  (DaimlerChrysler) 
 
Agency Response: Staff acknowledges that some of the technologies used to determine 
the proposed greenhouse gas emission standards are still in the development stage and 
defined them as �emerging� technologies.  These tec hnologies include camless valve 
actuation, homogeneous charge compression ignition, and integrated starter/generator 
(although it should be noted that vehicles using integrated starter/generator systems are 
being marketed today).  Accordingly, �emerging� tec hnologies were used to determine the 
mid-term greenhouse gas emission standards that phase n between 2013 and 2016.  This 
provides manufacturers with an eight year leadtime before they would need to begin 
incorporating these technologies on their vehicles. 
 
154. Comment: General Motors believes that ARB has substantially overestimated the 
fuel economy improvements that would be expected to result from many of the 
technologies included in its technical justification for the proposed standards.  In particular, 
discussions between General Motors and AVL raise the following concerns: 
 
The use of automated manual transmissions with dual wet clutches (AMTs) is nearly 
universal in the configurations that were used by ARB to set the standards.  So the 
standards are highly dependent on the results projected for these types of transmissions.  
There are some significant issues with both the benefits analysis and the applicability of 
these types of transmissions:   
 
• All of the AMT benefits are miscalculated due to the omission of important transmission 

losses.  The June 2004 draft of the ARB report briefly described AMT technology, but 
did not go into any detail regarding clutch design.  The analysis done by AVL assumed 
manual transmission efficiency values and only an added 15 Watt electrical load meant 
to represent gear-shifting-actuator loads.  Neither transmission spin losses nor clutch 
actuator losses were accounted for in the AVL analysis.  AVL has indicated that their 
analysis was specifically for dry-clutch AMTs.  However, in the August 2004 ISOR, the 
AMT description (but not the analysis) was revised to include dual wet clutch designs in 
the AMT technology.  Such a clutch design includes a hydraulic actuator pump that 
consumes significant energy, and according to LuK (AVL�s source for AMT information) 
would result in a 4-6% lower drive cycle efficiency (ref. LuK presentation at SAE�s 
Emerging Transmission Technologies TOPTEC in August 2003) than the dry clutch 
configuration analyzed by AVL.  This loss is not included anywhere in the analysis, and 
its omission contributes significantly to the benefit claimed for transmission technology 
used to determine the standards. 

• Some vehicle segments have seamless transmission operation as an important 
marketable requirement.  These types of transmissions are simply not smooth enough 



 108

for those market segments.  Yet they are assumed to be applied in every vehicle 
segment. 

• Single-clutch AMTs are not an acceptable alternative in the U.S. market.  With an 
additional dry clutch to increase acceptability, dry dual clutch transmissions can only 
handle maximum torque of approximately 400 N-m.  This torque level is approximately 
that of a V6 midsize car.  At higher torque levels, a hydraulic system is required, 
accompanied by additional pump losses, mass, and increased electrical loads.  Even 
hydraulic systems might not work on heavier trucks given extreme loads and durability 
concerns. 

• The actual implementation of AMT transmissions into nearly all of the vehicle fleet 
(which is what the standard assumes) would require retirement of almost every North 
American investment in light-duty transmission manufacturing capacity and the addition 
of an equal amount of new AMT capacity somewhere in the world. 

 
Agency Response: The ARB did not estimate any fuel economy improvements resulting 
from the regulation as it requires a reduction in fleet greenhouse gas emissions.  
Nevertheless the ARB understands that the technical issues raised in this greenhouse gas 
emission reduction comment and responds as follows.   
 
The NESCCAF report indicated a dual wet clutch automated manual transmission was 
modeled by AVL.  However, after rechecking in response to this comment, AVL indicated 
that a dry clutch version was actually modeled.  It should be noted that during the 
modeling exercise, AVL indicated its expertise in modeling newer transmissions, unlike 
advanced engines, was constrained because of limited detailed data on advanced 
transmission internal parameters.   As a result, their estimates of the benefits of advanced 
transmissions were conducted using conservative assumptions in the modeling in order to 
protect against overly optimistic reductions in CO2 emissions from their use.   
 
Staff noted at the September hearing that data it had received from Ricardo regarding their 
simulations of reductions in CO2 emissions attributable to 6 speed automatic transmissions 
and actual real world test data from ZF, builders of 6 speed automatic transmissions, both 
yielded a 7-8% CO2 emission reduction.  Therefore, since this is the same benefit AVL 
attributed to the 6 speed automated manual transmission, it would be appropriate to 
substitute a 6 speed automatic transmission in place of a 6 speed automated manual 
transmission whenever the latter was utilized in the modeling results.  Thus, the CO2 
reductions obtained from the groups of technologies would be preserved utilizing the 6 
speed automatic transmission.   
 
Staff had an opportunity to drive a prototype vehicle equipped with a dual clutch 
automated manual transmission, and found that it was as smooth shifting as current 
automatic transmissions, with only a brief lag in response on hard acceleration from a 
stop, much the same as some drive-by-wire systems on current vehicles.  Staff is aware of 
plans to utilize a 6 speed automated manual transmission even in some luxury models, so 
that this transmission concept remains an important option to automakers for reducing 
CO2 emissions.  Staff agrees, however, with the comment that dry single clutch automated 
manual transmissions would not be suitable for use in North American products because 



 109

they lack the smoothness achieved from current automatic transmissions.  That is why 
they were never intended to be utilized in our list of technologies for reducing CO2 
emissions.   
 
Since both Ford and General Motors, as well as numerous other manufacturers already 
have available 6 speed automatic transmission manufacturing plants, there would be no 
need for additional investment resources for building new plants or redirection of new AMT 
capacity outside of North America.  Numerous transmission suppliers such as ZF or Aisin 
will have such units available for purchase by manufacturers that would prefer not to make 
further investments in transmission plants.  Costs for 6 speed automatic transmissions in 
our study were representative of such suppliers.  Such costs include the transmission 
suppliers’ costs for development and investment in facilities for building the units in large 
volumes to supply a number of manufacturers.   
 
155. Comment The use of aggressively downsized (41-52% smaller), highly 
turbocharged, intercooled, direct-injected engines with dual cam phasing is used to set the 
standard in all but one of the vehicle segments.  So the standards are very dependent on 
the results projected for these types of engines.  There are some significant issues with 
both the benefits analysis and the applicability of these types of engines:  
 
• The projected benefit for the turbocharged, downsized, direct-injected, cam-phasing 

engines is based on very aggressive assumptions about the specific output that is 
possible for these types of engines.  The most unlikely of these assumptions is that the 
engines will use premium fuel instead of regular fuel.  All of the AVL analysis for these 
engines is based on premium fuel.  Without premium fuel, the specific output possible 
from these engines will be significantly reduced and the engine sizes will be overly 
optimistic due to selection of very low engine displacements driven by unrealistic Brake 
Mean Effective Pressure (BMEP) curve assumptions that depended on high boost 
levels and premium fuel usage. 

• Typical turbocharger installations require an intercooler, which increases vehicle drag. 
• There are significant discrepancies between the benefits projected by AVL for 

downsized turbocharged MPFI engines and downsized turbocharged GDI-S engines.  
AVL has indicated through a direct comparison of turbocharged MPFI versus 
turbocharged GDI-S DCP engine maps that engine fuel consumption differences 
between these two technologies are as much as 12% at typical Federal Test 
Procedure engine operation conditions.  Such large differences in fuel consumption are 
unexplained by the relatively minor physical differences between the engine 
technologies.  This discrepancy affects a technology package used to justify the 
emission standard in four of the five vehicle classes. 

• AVL has confirmed that the application of aggressively downsized turbocharged 
engines did not include consideration of vehicle launch, drive quality, and transient 
engine/transmission/turbo response.  The simulation results provided by AVL indicate 
that the vehicles configured with these engines will have serious drive quality 
problems.  General Motors believes such deteriorations in performance are not 
acceptable, and they demonstrate that not enough verification of �equal performance� 
was done.  Demonstration of sufficient vehicle launch, drive quality, and transient 
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performance should be required prior to consideration of this and other �torque-
modifying� new powertrain technologies. 

 
Agency Response: Wherever possible, staff was sensitive to drivability and performance 
characteristics of modeled systems to ensure customer satisfaction relative to launch feel, 
acceleration characteristics and overall smoothness and refinement.  AVL focused on 0 � 
60 mph as the metric to measure acceleration performance rather than initial launch times, 
so that it is difficult to assess initial response from the modeling data available to staff.  
However, with the use of a downsized direct injection variable geometry turbocharged 
engine that retains a compression ratio similar to a conventional engine and a 6 speed 
automated manual transmission, launch feel and acceleration characteristics of the 
modeled turbocharged applications were expected to be similar to engines that were being 
replaced.  However, since the automated manual transmission does not incorporate a 
torque converter to multiply initial acceleration torque, use of a 6 speed automatic 
transmission (that has a torque converter) in these applications would contribute 
substantially in achieving the desired �launch feel� that General Motors is seeking, while 
retaining the projected greenhouse gas reductions projected for this technology 
combination.  In assessing smoothness and refinement for example, staff assumed in the 
analysis that 6 cylinder engines would be replaced by 5 cylinder turbocharged models 
rather than 4 cylinder versions in order to preserve 6 cylinder-like characteristics.  In its 
assessment, staff evaluated both a 4 cylinder turbocharged model and a 5 cylinder 
turbocharged Volvo and concluded that a 4 cylinder engine might not be a comparable 
replacement for a current 6 cylinder engine.  The Volvo, however, was the full equivalent 
of the 6 cylinder base vehicles that staff has driven in terms of these drivability 
parameters.   If manufacturers conclude that turbocharged engine approaches do not 
meet their perceived customer requirements, there are other technology approaches that 
could be pursued that would not affect launch feel yet would also meet our greenhouse 
gas standards.  
 
While addition of an intercooler may affect vehicle drag slightly, there are numerous other 
refinements to vehicles still available to restore the original aerodynamic drag or to further 
improve it.  These include underbody shields, revised grille openings, improvements in 
wheelhouse configurations and many more. 
 
Regarding the greater than expected benefits between GDI-S turbo and MPFI turbo, one 
of the biggest benefits is an approximate 10% increase in output from the GDI-S turbo.  At 
constant 0-60 mph time, the higher specific output allowed a slightly larger downsizing of 
the GDI engine and a longer axle ratio, which together result in reduced CO2 emissions.  
GDI-S turbo technology allows a significantly higher compression ratio (2-3 ratios), which 
is very beneficial for reducing CO2 emissions at part loads.  Finally, GDI combustion 
technology increases burn rate, providing improved thermodynamic efficiency and again 
lower CO2 emissions.  It is important to note that the engine data and maps used for this 
project came from actual engines developed by AVL.   
 
156. Comment: Portions of the analysis done by AVL appear to have included the 
assumption of premium fuel usage.  AVL states that regular fuel was assumed for all of the 
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engine configurations that used some form of variable vale actuation, but engine specific 
output levels taken directly from AVL output results match exactly with other premium fuel 
AVL work on variable valve actuation.  Further investigation of this issue by AVL indicated 
that in most, but not all, cases their assumptions fell within very aggressive regular fuel 
specific output levels.  Whether through an assumption of premium fuel usage or an 
overestimate of what is possible with regular fuel, the result is an over-estimate of the 
specific output possible with each of these technologies, which enables unrealistically 
aggressive engine downsizing � and fuel consumption  reductions � to be simulated while 
maintaining equal performance.  This discrepancy contributes to an over-assumption of 
the specific output capability (and thus the chosen engine size) of every DCP, DVVL, and 
CVVL engine in the AVL analysis.  (General Motors) 
 
Agency Response: Staff disagrees with the comment.  AVL has considerable experience 
with turbocharged engines, both port fuel injected and direct injected.  They have access 
to the engine maps associated with such engines in Europe as well as their own maps 
from engines actually developed by AVL.  These maps are utilized by the CRUISE model 
to obtain their emission reduction estimates.  Since GM has only one or two vehicle 
models that are turbocharged and they do not appear to incorporate direct injection, their 
limited experience may result in being unaware of improvements that have been 
incorporated in the most modern engines of this type.  When questioned further about the 
GM comment, AVL maintained they were confident in their assessment that the results 
could be obtained using regular fuel.   
 
157. Comment: The staff report�s analysis assumes the use of regular unleaded 
gasoline for technologies that require more expensive, higher-octane gasoline; once this 
inconsistency is corrected, those technologies do not provide the assumed economic 
benefit. (Alliance of Automobile Manufacturers) 
 
Agency Response: Staff disagrees with the comment.  The technologies do not require 
more expensive higher-octane gasoline.  See response to Comment 156. 
 
158. Comment: The AVL study used a computer simulation tool and consistent 
methodology.  However, AVL has described their study as a generic study whose results 
can be used to compare relative differences between groupings of technologies, not for 
projecting specific consumption targets for specific vehicles.  As a generic study, the AVL 
work did not cover some important details and constraints that are a reality for vehicle 
manufacturers:  
 
• All of the engine maps used in the simulation study were based on AVL�s most 

optimistic, upper-limit projections of the full capability of the engine technologies, 
assuming full application of technology without sufficient constraints which reflect real-
world combustion system dilution tolerance, airflow capacity, piston-to-valve 
clearances, oil system capacity at low speeds, idle speed control techniques, and noise 
vibration and handling (NVH) concerns.  The AVL engine maps assumed a best case 
for all of these aspects of engine design, and in several cases their �best-in-class� 
results were a smoothed composite of results from multiple engines � no individual 
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engines represented the engine maps used for setting the standards.  A study like this 
does not provide a quantitative target value that is suitable for setting fuel consumption 
regulations.  The maps used by AVL to represent DCP, CCP, DVVL, and CVVL all had 
significant fuel consumption improvements at light loads where, in the real world, the 
improvements would be limited by combustion system dilution tolerance versus airflow 
capacity tradeoffs and by piston-to-valve clearance constraints. 

• AVL has indicated that all of the vehicle/powertrain configurations chosen for the 
standard were chosen to maintain equal performance.  However, seven of the ten 
configurations used for setting the near-term standard have worse 50-70 mph 
performance than their baseline cases; four of those cases (large truck 04, large truck 
05, small truck 04, and minivan 04) are significantly worse and would be considered 
unacceptable when compared to the baseline. 

• AVL did not consider any gradeability or drive quality metrics when choosing engine 
sizes.  In nine of the ten configurations used for setting the near-term standard, the 
gradeability calculated by AVL was worse than the baseline gradeability; five of those 
cases (large truck 04, large truck 05, small truck 04, minivan 04, and minivan 05) 
showed significant degradation in gradeability to the point where they would likely be 
considered unacceptable.  AVL made no explicit calculations concerning drive quality 
(the typical response to accelerator pedal inputs required by the driver) so it is 
impossible to quantify the impacts.  Drive quality issues are frequently prevalent when 
the calculated gradeability is poor and when aggressive engine downsizing is 
attempted, so it is expected that there would be drive quality problems with several of 
the chosen configurations.  Since the standards set by ARB were almost entirely based 
on configurations where drive quality problems are likely to occur, the standards should 
not be considered feasible unless more analysis validating acceptable drive quality is 
performed. 

• The method used by AVL to input transmission shift patterns and torque converter lock 
patterns was explicit and well defined.  However, the actual shift patterns and 
lock/unlock patterns were not chosen in a reproducible, consistent manner.  There was 
no explicit test of the shift points to ensure that they were not too early (which would 
hurt drive quality, cause shift busyness problems, and exaggerate fuel economy 
benefits) or too late (which would help drive quality at the expense of fuel economy), 
and there was no tabulation of the number of shifts per test cycle (usually accepted as 
a fair indicator of shift busyness). 

• The method used by AVL to adjust their baseline simulations to actual test vehicle 
performance and fuel economy results was to first �tweak� drivetrain efficiencies to dial-
in vehicle 0-60 performance, and then �tweak� trans mission shift and lock patterns to 
dial-in vehicle fuel economy.  While a method such as this might produce a simulated 
fuel economy number that equals the test data, it does not result in a reliable baseline 
simulation.  If, for example, the quoted engine power for the baseline engine was 
higher than actual (resulting in a �fast� 0-60 simu lation result), the AVL method would 
artificially reduce the baseline drivetrain efficiency to match performance.  Then, in 
order to match fuel economy numbers (assuming everything else about the simulation 
is in order), the AVL method would have to artificially make the shift/lock points too 
early.  The result would be a baseline simulation result with unrealistic drivetrain 
efficiencies and shift/lock points. 




