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Appendix A Sources Identified in Scoping and DEIS Comments 
 

 A-1 

Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0002 

Road Safe 
America 

Kenworth Truck Company. 2010. Available at: 
<http://www.kenworth.com/1000_hom.asp>. 
Accessed: September 12, 2010.  

Discusses fuel economy achievement by trucks 
lowering their speeds. No No 

NHTSA-2010-
0079-0002 

Road Safe 
America 

Transportation Research Board. 2008. Survey 
of Motor Carriers on Issues Surrounding Use of 
Speed-Limiting Devices on Large Commercial 
Vehicles. Available at: 
<http://pubsindex.trb.org/view.aspx?id=848159
>. Accessed: September 12, 2010. 

Describes study of fuel economy achievement 
among motorcoach carriers using speed 
governors. No No 

NHTSA-2010-
0079-0004  

Vernon Haltom, 
Individual 

Wathen, J.L. 2010. BP Slick Covers Dolphins 
and Whales. Available at: 
<http://www.youtube.com/watch?v=pxDf-
KkMCKQ>. Accessed: September 12, 2010. 

Addresses the environmental effects of the BP 
oil spill in the Gulf of Mexico. No No 

NHTSA-2010-
0079-0006 

National Truck 
Equipment 
Association 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 12, 2010. 

Discusses approaches to measuring fuel 
economy, assesses current and future 
technologies for reducing fuel consumption, 
and addresses how such technologies can be 
implemented. 

Yes No 

NHTSA-2010-
0079-0007 

American Bus 
Association 

American Bus Association. 2008. Motorcoach 
Census: A Benchmarking of the Size and 
Activity of the Motorcoach Industry in the 
United States and Canada. Available at: 
<www.buses.org>. Accessed: September 12, 
2010 

Provides census information on Motorcoaches 
in the United States and Canada. 

No No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0008 Cummins Inc. 

American Trucking Association. 
Recommendation 6: Supporting Fuel Economy 
Standards. Available at: 
<http://www.trucksdeliver.org/recommendation
s/fuel-economy.html>. Accessed: September 
12, 2010. 

Supports fuel efficiency standards. 

No No 

NHTSA-2010-
0079-0008 Cummins Inc. 

Heavy-Duty Fuel Efficiency Leadership Group. 
2010.  Statement of Principles.  
See NHTSA-2010-0079-0008 on 
www.Regulations.gov. 

Provides defining goals of the diverse multi-
agency coalition of medium- and heavy-duty 
fleets and technology provider to inform and 
support NHTSA’s rulemaking.  

No No 

NHTSA-2010-
0079-0008 Cummins Inc. 

Seger, J. 2009. Framework for the Regulation 
of Greenhouse Gases from 
Commercial Vehicles. Cummins Inc. 

Provides supplementary analysis to the 
National Academy of Sciences (NAS), 
suggesting a similar approach to NHTSA’s 
proposed action alternatives. 

No No 

NHTSA-2010-
0079-0009 

Daimler Trucks 
North America 

Presidential Memorandum Regarding Fuel 
Efficiency Standards (May 21, 2010). Available 
at: <http://www.whitehouse.gov/the-press-
office/presidential-memorandum-regarding-
fuel-efficiency-standards>. Accessed: 
September 14, 2010. 

Supports the regulation of medium- and heavy-
duty vehicles. 

No No 

NHTSA-2010-
0079-0009 

Daimler Trucks 
North America 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 12, 2010.  

Addresses the issue of complexity of regulating 
medium-duty and heavy-duty trucks. 

Yes No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0010 Navistar, Inc. 

California Environmental Protection Agency - 
Air Resources Board. 2010. Memo on Public 
Workshop to Discuss Attributes of 2011 and 
Later Model Year Heavy-Duty Diesel Engines. 
Available at: 
<http://www.arb.ca.gov/msprog/mailouts/mso1
003/mso1003.pdf>. Accessed: September 12, 
2010. 

Provides environmental impacts of the 
selective catalytic reduction (SCR) as a method 
of nitrogen oxide control for diesel on-road 
heavy-duty vehicles. No No 

NHTSA-2010-
0079-0010 Navistar, Inc. 

California Environmental Protection Agency - 
Air Resources Board. 2010. What's New List 
Serve Post Display. Last revised: June 17, 
2010. Available at: 
<http://www.arb.ca.gov/lispub/rss/displaypost.p
hp?pno=4181>. Accessed: September 12, 
2010. 

Includes additional information about the ARB 
Workshop. 

No No 

NHTSA-2010-
0079-0012 Volvo Group 

U.S. Department of Energy. 2009. Research 
and Development Opportunities for Heavy 
Trucks. Last revised: June, 2009. Available at: 
<http://www1.eere.energy.gov/vehiclesandfuels
/pdfs/truck_efficiency_paper_v2.pdf>. 
Accessed: September 12, 2010. 

Discusses potential fuel efficiency gains in 
heavy trucks. 

No No 

NHTSA-2010-
0079-0015 

South Carolina 
Department of 
Transportation 

U.S. Census Bureau. 2002. 2002 Economic 
Census: Vehicle Inventory and Use Survey: 
Geographic Area Series. Available at: 
<http://www.census.gov/prod/ec02/ec02tv-
us.pdf>. Accessed: September 12, 2010. 

Provides definition for medium-duty truck 
classification. 

No No 



Appendix A Sources Identified in Scoping and DEIS Comments 

 A-4  

Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0015 

South Carolina 
Department of 
Transportation 

Ogburn, M., L. Ramroth, and A. Lovins. 2008. 
Transformational Trucks: Determining the 
Energy Efficiency Limits of a Class-8 Tractor 
Trailer. Rocky Mountain Institute. Available at: 
<http://www.rmi.org/rmi/Library/T08-
08_TransformationalTrucksEnergyEfficiency>. 
Accessed: September 12, 2010.  

Compares to SCDOT’s included diagram 
regarding aerodynamic losses data.  See 
NHTSA-2010-0079-0015 on 
www.Regulations.gov for the SCDOT diagram. Yes No 

NHTSA-2010-
0079-0015 

South Carolina 
Department of 
Transportation 

National Renewable Energy Lab. 2010. 
Advanced Vehicles and Fuels Research. Last 
revised: June 9, 2010. Available at: 
<http://www.nrel.gov/vehiclesandfuels/ctts.html
>. Accessed: September 12, 2010. 

Suggests adopting fuel standard technologies 
of National Renewable Energy Lab for cab 
chassis configurations. No No 

NHTSA-2010-
0079-0015 

South Carolina 
Department of 
Transportation 

DOE (U.S. Department of Energy). 2010. 
Vehicle Technologies Program. Last revised: 
August 23, 2010. Available at: < 
http://www1.eere.energy.gov/vehiclesandfuels/i
ndex.html >. Accessed: September 15, 2010. 

Suggests adopting fuel standard technologies 
of DOE for cab chassis configurations.  

No No 

NHTSA-2010-
0079-0017 TIAX LLC 

Governor Schwarzenegger. California 
Executive Order No. S-3-05 (June 1, 2005).  
Available at: <http://gov.ca.gov/executive-
order/1861/>. Accessed: September 13, 2010. 

Initiates the goal of an 80% reduction in 
greenhouse gas emissions from the 1990 base 
level by the year 2050. No No 

NHTSA-2010-
0079-0017 TIAX LLC 

California Air Resources Board and California 
Energy Commission. 2007. State Alternative 
Fuels Plan. Available at: 
<http://www.energy.ca.gov/2007publications/C
EC-600-2007-011/CEC-600-2007-011-
CMF.PDF>. Accessed: September 13, 2010.  

Suggests that developing electric drive 
technologies are a feasible way to achieve 
80% reductions in greenhouse gas emissions 
in the light-duty truck sector. No No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0017 TIAX LLC 

Jackson, M.D. and M. Chan. 2009. Achieving 
2050 Greenhouse Emission Reductions in the 
On-Road Heavy Duty Vehicle Sector. Paper 
presented at the Clean Heavy Duty vehicle 
Conference and Expo, Asilomar Convention 
Center, Pacific Grove, CA. See NHTSA-2010-
0079-0017 on www.Regulations.gov. 

Outlines what would be required to achieve 
80% reduction goal in medium- and heavy-duty 
vehicles in California. 

No No 

NHTSA-2010-
0079-0018 

National 
Automobile 
Dealers 
Association 

49 U.S.C. § 32901. Definitions. Available at: 
<http://uscode.house.gov/download/pls/49C32
9.txt>. Accessed: September 15, 2010. 

Creates new definitions and standards from 
EPA regarding automobile fuel economy. No No 

NHTSA-2010-
0079-0018 

National 
Automobile 
Dealers 
Association 

49 CFR § 520. Procedures for Considering 
Environmental Impacts. 

Provides framework for considering 
environmental impacts associated with 
manufacturing and maintenance of commercial 
vehicles. 

No No 

NHTSA-2010-
0079-0018 

National 
Automobile 
Dealers 
Association 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 13, 2010. 

Recommends potential technological changes 
and other approaches to lower emissions. 

No No 

NHTSA-2010-
0079-0020 

The Aluminum 
Association, 
Inc. 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 13, 2010.  

Addresses positive impacts that producing 
trucks using aluminum can have on fuel 
economy and emission reduction. Yes No 



Appendix A Sources Identified in Scoping and DEIS Comments 

 A-6  

Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0020 

The Aluminum 
Association, 
Inc. 

Casadei, A. and R. Broda. Aluminum 
Association Inc. 2010.  Impact of Vehicle 
Weight Reduction on Class 8 Truck for Fuel 
Economy Benefits. Available at: < 
http://aluminumintransportation.org/downloads/
RicardoStudy-FullReport-
WeightImpactforClass8Trucks.pdf>. Accessed: 
September 13, 2010. 

Addresses aluminum's positive impact on fuel 
efficiency. 

No No 

NHTSA-2010-
0079-0020 

The Aluminum 
Association, 
Inc. 

Zehnder, J., R. Pritzlaff, S. Lundberg, and B. 
Gilmont. Aluminum in Commercial Vehicles. 
European Aluminum Association AISBL. 
Available at: 
<http://www.eaa.net/upl/4/en/doc/Aluminium%2
0in%20Commercial%20Vehicles.pdf>. 
Accessed: September 13, 2010. 

Gives context and research on potential for 
aluminum applications in commercial vehicles. 

No No 

NHTSA-2010-
0079-0020 

The Aluminum 
Association, 
Inc. 

European Aluminum Association. Aluminum in 
Trucks, Trailers and Buses. European 
Aluminum Association Factsheet. Available at: 
<http://www.eaa.net/en/press-room/fact-
sheets/>. Accessed: September 13, 2010. 

Gives context and research on potential for 
aluminum applications in commercial vehicles. 

No No 

NHTSA-2010-
0079-0020 

The Aluminum 
Association, 
Inc. 

European Aluminum Association and 
Université de Technologie Troyes. 2009. 
Recycling Rates of Aluminum from End of Life 
Commercial Vehicles. Available at: 
<http://www.eaa.net/upl/4/en/doc/Recycling%2
0rates%20of%20aluminium%20from%20EOL
%20commercial%20vehicles.pdf>. Accessed: 
September 13, 2010. 

Gives context and research on potential for 
aluminum applications in commercial vehicles. 

No No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0023 

Allison 
Transmission, 
Inc. 

Allison Transmission. 2010. White Paper on 
Allison Transmission Response to NAS Report.
See NHTSA-2010-0079-0023 on 
www.Regulations.gov.  

Addresses issues not included in the National 
Academy of Sciences report on fuel 
consumption of medium- and heavy-duty 
vehicles that commenter suggests may be 
important to improving fuel efficiency. 

No No 

NHTSA-2010-
0079-0023 

Allison 
Transmission, 
Inc. 

Allison Transmission. 2010. Comparison of 
Automatic Transmission vs. Automated Manual 
Transmission on CBD2 Drive Cycle.  See 
NHTSA-2010-0079-0023 on 
www.Regulations.gov.  

Compares whether or not the automatic 
transmission or the automated manual 
transmission provides better fuel efficiency 
using two graphs. 

No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

The International Council on Clean 
Transportation. 2008. Heavy Duty Vehicles. 
Available at: 
<http://www.theicct.org/programs/heavy_trucks
/>. Accessed: September 13, 2010. 

Assesses new and emerging technologies in 
reducing GHG emissions and improving fuel 
efficiency. No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 13, 2010. 

Recommends potential technological changes 
and other approaches to lower emissions. 

Yes No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

Stern, N. 2006. The Economics of Climate 
Change: The Stern Review. Cambridge 
University Press, United Kingdom. 700 pgs. 

Uses various rates of discounting for climate 
change since there is currently no widely 
agreed-upon rate. 

Yes Yes 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

U.S. EPA (United States Environmental 
Protection Agency). 2010. Climate Change 
Indicators in the United States. Last revised: 
June 15, 2010. Available at: 
<http://www.epa.gov/climatechange/indicators.
html>. Accessed: September 13, 2010. 

Addresses trends related to the causes and 
effects of climate change, especially in the 
United States No No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

National Research Council of the National 
Academies. 2009. America's Climate Choices. 
Available at: 
<http://americasclimatechoices.org/>. 
Accessed: September 13, 2010.  

Provides policy advice based on science to 
guide mitigation efforts. 

No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

U.S. EPA (United States Environmental 
Protection Agency). 2008. Technical Support 
Document on Benefits of Reducing GHG 
Emissions. Available at: 
<http://www.eenews.net/public/25/10084/featur
es/documents/2009/03/11/document_gw_04.p
df>. Accessed: September 13, 2010. 

Addresses the range of estimates of the Social 
Cost of Carbon (SCC) and lists impacts 
typically omitted from SCC models. 

No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

75 FR 29399 (May 26, 2010). Motor Vehicles; 
Measures to Promote Fuel Efficiency, 
Alternative Fuels, and Technological 
Innovation. 

Covers the following topics: Improving energy 
security, American competitiveness, job 
creation, and environmental protection through 
a transformation of our Nation's fleet of cars 
and trucks. 

No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

Presidential Memorandum Regarding Fuel 
Efficiency Standards (May 21, 2010). Available 
at: <http://www.whitehouse.gov/the-press-
office/presidential-memorandum-regarding-
fuel-efficiency-standards>. Accessed: 
September 14, 2010. 

Includes additional points that commenter 
suggested were not covered in NHTSA’s notice 
of intent. No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

42 U.S.C. § 32902(k)(2). Average Fuel 
Economy Standards. 

Encourages NHTSA to develop many 
alternatives to develop a fuel efficiency 
improvement program as mandated in this 
code. 

No No 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

Pub. L. No. 110-140, § 108, 121 Stat. 1492 
(2007). Energy Independence and Security Act 
of 2007. 

Mandates the creation of the NAS report that 
commenter suggests NHTSA’s notice of intent 
did not adequately discuss.  

No No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0024 

Environmental 
Defense Fund 
and Sierra Club 

Office of Management and Budget. Circular A-
4, 26 (Sept. 17, 2003). Available at: 
<http://www.whitehouse.gov/sites/default/files/o
mb/assets/omb/circulars/a004/a-4.pdf>. 
Accessed: September 13, 2010. 

Recognizes that some costs and benefits will 
be difficult to monetize and that other means of 
quantification should be considered. No No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Allen, M., D. Frame, K. Friedler, W. Hare, C. 
Huntingford, C. Jones, R. Knutti, J. Lowe, M. 
Meinshausen, N. Meinshausen, and S. Raper. 
2009. The Exit Strategy. Nature Reports 
3:56—58. Available at: 
<http://www.nature.com/climate/2009/0905/full/
climate.2009.38.html>. Accessed: September 
13, 2010. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs; a business-
as-usual climate model in this report illustrates 
how thresholds the report considers critical are 
likely to be crossed in a few decades. Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

The Copenhagen Diagnosis, 2009. Updating 
the World on the Latest Climate Science. I. 
Allison, N.L. Bindoff, R.A. Bindschadler, P.M. 
Cox, N. de Noblet, M.H. England, J.E.Francis, 
N. Gruber, A.M. Haywood, D.J. Karoly, G. 
Kaser, C. Le Quéré, T.M. Lenton,M.E. Mann, 
B.I. McNeil, A.J. Pitman, S. Rahmstorf, E. 
Rignot, H.J. Schellnhuber, S.H. Schneider, 
S.C. Sherwood, R.C.J. Somerville, K. Steffen, 
Steig E.J., M. Visbeck, and A.J. Weaver. 2009. 
The University of New South Wales Climate 
Change Research Centre (CCRC), Sydney, 
Australia. 60 pgs. Available at: 
<http://www.copenhagendiagnosis.org/>. 
Accessed: September 13, 2010. 

Addresses what the report considers the most 
relevant scientific evidence available; is 
identified by the commenter as one of the more 
prominent climate change research documents 
since the IPCC AR4, and commenter asserts it 
should be considered in decisionmaking. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Archer, D., and V. Brovkin. 2008. The 
Millennial Atmospheric Lifetime of 
Anthropogenic CO2. Climatic Change 90:283—
297. 

Provides research based on long-term effects 
of climate change due to increased CO2 
concentrations. Yes No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

den Elzen, M.G.J., D.P. van Vuuren, and J. van 
Vliet. 2010. Postponing emission reductions 
from 2020 to 2030 increases climate risks and 
long-term costs. Climatic Change 99(1-
2):313—320. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs; a business-
as-usual climate model in this report illustrates 
how thresholds the report considers critical are 
likely to be crossed in a few decades.  Argues 
that in an economic and technical perspective, 
it is more costly and risky to drastically lower 
emissions after 2050, rather than prior to this 
year. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Eby, M., K. Zickfield, A. Montenegro, D. Archer, 
K. J. Meissner, and A.J. Weaver. 2009. 
Lifetime of Anthropogenic Climate Change: 
Millennial Time Scales of Potential CO2 and 
surface temperature perturbations. Journal of 
Climate 22(10):2501—2511. 

Addresses long-term climate effects of the 
temperature anomaly from CO2 emissions. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Fussel, H.M. 2009. An Updated Assessment of 
the Risks from Climate Change based on 
Research Published since the IPCC Fourth 
Assessment Report. Climatic Change 97(3-
4):469—482. 

Addresses what the author considers the most 
relevant scientific evidence available; is 
identified by the commenter as one of the more 
prominent climate change research documents 
since the IPCC AR4, and commenter asserts it 
should be considered in decisionmaking. 
Asserts that risks from climate change are 
substantially greater than assessed in the 
IPCC AR4. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Hansen, J., M. Sato, P. Kharecha, D. Beerling, 
R. Berner, V. Masson-Delmotte, M. Pagani, M. 
Raymo, D.L. Royer, and J.C. Zachos. 2008. 
Target atmospheric CO2: Where Should 
Humanity Aim? Open Atmospheric Science 
Journal 2:217—231. 

Addresses long-term climate changes and 
associated global temperature increases due to 
the GHGs already emitted. Yes No 
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Table A-1 
 

Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Jones, C., J. Lowe, S. Liddicoat, and R. Betts. 
2009. Committed terrestrial Ecosystem 
Changes Due to Climate Change. Nature 
Geoscience 2:484—487. 

Indicates that current global temperature 
increases and expected increases due to 
GHGs previously emitted are already causing 
anthropological impacts. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Lenton, T. M., H. Held, E. Kriegler, J.W. Hall, 
W. Lucht, S. Rahmstorf, and H.J. Schellnhuber. 
2007. Tipping Elements in the Earth's Climate 
System. Proceedings of the National Academy 
of Sciences of the United States of America 
105(6):1786—1793.  

Indicates that current global temperature 
increases and expected increases due to 
GHGs previously emitted are already causing 
anthropological impacts. Asserts that risks from 
climate change are substantially greater than 
assessed in the IPCC AR4. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Lindsay, R.W., and J. Zhang. 2005. The 
Thinning of Arctic Sea-ice, 1988-2003: have we 
passed a tipping point? Journal of Climate 
18:4879—4894. 

Warns that the Arctic climate system may have 
already reached a tipping point leading to a 
rapid transition to a seasonally ice-free Arctic. Yes Yes 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Lowe, J.A., C. Huntingford, S.C.B. Raper, C.D. 
Jones, S.K. Liddicoat, and L.K. Gohar. 2009. 
How Difficult is it to Recover from Dangerous 
Levels of Global Warming? Environmental 
Research Letters 4(1):1—9. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs, as well as 
consider long recovery timescales implicit in 
the Earth system when formulating future 
emission alternatives.  

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Matthews, H.D., and K. Caldeira. 2008. 
Stabilizing Climate Requires Near-zero 
Emissions. Geophysical Research Letters 35. 

Addresses long-term climate changes and 
associated global temperature increases due to 
the GHGs already emitted. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

McMullen, C.P., and J. Jabbour. 2009. Climate 
Change Science Compendium 2009. United 
Nations Environment Programme. Available at: 
<http://www.unep.org/compendium2009/>. 
Accessed: September 14, 2010. 

Addresses what the authors consider the most 
relevant scientific evidence available; is 
identified by the commenter as one of the more 
prominent climate change research documents 
since the IPCC AR4, and commenter asserts it 
should be considered in decisionmaking.  
Asserts that risks from climate change are 
substantially greater than assessed in the 
IPCC AR4. 

Yes No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Meinshausen, M., N. Meinshausen, W. Hare, 
S.C.B. Raper, K. Friedler, R. Knutti, D.J. 
Frame, and M.R. Allen. 2009. Greenhouse-gas 
Emission Targets for Limiting Global Warming 
to 2°C. Nature 458:1158—1163. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs. Asserts that 
it is most economically feasible if emission 
reductions happen at a slower rate with only 
50% reductions, with steep reductions after 
2050.  

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Meehl et al. 2007. Pgs. 747—846. Global 
Climate Projections. In: Climate Change 2007: 
The Physical Science Basis. Intergovernmental 
Panel on Climate Change. Cambridge 
University Press. 

Addresses long-term climate changes and 
associated global temperature increases due to 
the GHGs already emitted. Yes Yes 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Mignone, B.K., R.H. Socolow, J.L. Sarmiento, 
and M. Oppenheimer. 2008. Atmospheric 
stabilization and the timing of carbon 
mitigation. Climatic Change 88(3-4):251—265. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs.  Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Molina, M., D. Zaelke, K.M. Sarma, S.O. 
Andersen, V. Ramanathan, and D. Kanlaru. 
2009. Reducing Abrupt Climate Change Risk 
Using the Montreal Protocol and Other 
Regulatory Actions to Complement Cuts in CO2
Emissions. Proceedings of the National 
Academy of Sciences of the United States of 
America 106:20616-20621. Available at: 
<http://www.pnas.org/content/106/49/20616.full
>. Accessed: September 14, 2010. 

Indicates that abrupt nonlinear changes in the 
climate system may increase global surface 
temperatures producing an irreversible and 
different state of the climate system. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Montenegro, A., V. Brovkin, M. Eby, D. Archer, 
and A.J. Weaver. 2007. Long Term Fate of 
Anthropogenic Carbon. Geophysical Research 
Letters 34:L19707.  

Provides research based on long-term effects 
of climate change due to increased CO2 
concentrations. Yes No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Pimm, S.L. 2009. Climate Disruption and 
Biodiversity. Current Biology 19:R595—R 
R601.  

Indicates that current global temperature 
increases and expected increases due to 
GHGs previously emitted are already causing 
anthropological impacts. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Ramanathan, V., and Y. Feng. 2008. On 
Avoiding Dangerous Anthropogenic 
Interference with the Climate System: 
Formidable Challenges Ahead. Proceedings of 
the National Academy of Sciences of the 
United States of America 105:14245—14250. 
Available at: 
<http://www.pnas.org/content/105/38/14245.full
>. Accessed: September 14, 2010. 

Addresses long-term climate changes and 
associated global temperature increases due to 
the GHGs already emitted, especially 
associated with an aerosol cooling effect by air 
pollution abatement laws.  Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Ramanathan, V. and Y. Xu. 2010. The 
Copenhagen Accord for Limiting Global 
Warming: Criteria, Constraints, and Available 
Avenues. Proceedings of the National 
Academy of Sciences of the United States of 
America 107:8055—8062.  

Develops criteria for adhering to the 
Copenhagen Accord’s commitment to limit 
warming below 2 °C and explores mitigation 
options. Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Richardson, K. 2009. Synthesis Report from 
Climate Change: Global Risks, Challenges and 
Decisions. University of Copenhagen, 
Copenhagen. 39 pgs. Available at: 
<www.climatecongress.ku.dk>. Accessed: 
September 14, 2010. 

Addresses what authors consider the most 
relevant scientific evidence available; is 
identified by commenter as one of the more 
prominent climate change research documents 
since the IPCC AR4, and commenter asserts it 
should be considered in decisionmaking.  
Asserts that risks from climate change are 
substantially greater than assessed in the 
IPCC AR4. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Schellnhuber, H.J. 2009. Tipping Elements in 
the Earth System. Proceedings of the National 
Academy of Sciences of the United States of 
America 106:20561—20563. 

Asserts that increasing GHGs may have the 
potential to trigger “tipping points” where the 
climate system switches to a qualitatively 
different state. 

Yes No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

Solomon, S., G.K. Plattner, R. Knutti, and P. 
Friedlingstein. 2009. Irreversible Climate 
Change Due to Carbon Dioxide Emissions. 
Proceedings of the National Academy of 
Sciences of the United States of America 
106:1704—1709.  

States that a concentration stabilization level 
should be achieved within a time-frame 
sufficient to allow ecosystems to naturally 
adapt to climate change based on the 
UNFCCC in 1992. 

Yes No 

NHTSA-2010-
0079-0025 

Center for 
Biological 
Diversity 

 Vaughan, N.E., T.M. Lenton, and J.G. 
Shepherd. 2009. Climate Change Mitigation: 
Trade-offs Between Delay and Strength of 
Action Required. Climatic Change 96(1-2):29—
43. 

Emphasizes early mitigation to avoid increased 
climate risks and long-term costs. 

Yes No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

Johnson, S.L. and N. Pawar. 2005. Cost-
Benefit Evaluation of Large Truck Automobile 
Speed Limit Differentials on Rural Interstate 
Highways. Mack-Blackwell Transportation 
Center, University of Arkansas. 

Rationalizes that speed limiters negatively 
impact highway safety and traffic because of 
the extreme speed differentials between slower 
moving trucks and faster traffic. Yes No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

Todaystrucking.com. 2010. Argument for 
Speed Limiters is Weak. Available at: 
<www.todaystrucking.com>. Accessed: 
September 14, 2010. 

Rationalizes that speed limiters have a 
negative impact on the environment since 
accelerating and decelerating creates more 
emissions than traveling at a constant speed.  No No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

2007. Report, National Highway Traffic Safety 
Administration: National Center for Statistics. 

Rationalizes that speed differentials can be 
hazardous to highway safety since many 
accidents with car-truck collisions involve a 
vehicle rear-ending a truck. No No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

Deierlein, B. 2000. Managing Fuel 
Consumption. Fleet Equipment.  

Describes driver behavior and fuel 
consumption. 

No No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 12, 2010. 

Suggests that driver training programs can help 
improve fuel efficiency for medium- and heavy-
duty trucks. Yes Yes 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

California Environmental Protection Agency. 
2008. Heavy-Duty (Tractor-Trailer) 
Greenhouse Gas Regulation. Available at: 
<http://www.truckline.com/AdvIssues/Advocacy
%20Materials/2009%20ATA%20CARB-HD-
GHGReg.pdf>. Accessed: September 14, 
2010. 

Claims fuel efficiency is improved through 
improvements in tractor and trailer 
aerodynamics and the use of low rolling 
resistance tires. No No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

U.S. EPA (Environmental Protection Agency). 
2004. SmartWay Program. Available at: 
<http://www.epa.gov/smartwaylogistics/>. 
Accessed: September 14, 2010. 

Outlines branding program for products and 
services that reduce transportation related 
emissions. No No 

NHTSA-2010-
0079-0026 

Owner-
Operator 
Independent 
Drivers 
Association, 
Inc. 

U.S. EPA (Environmental Protection Agency). 
2000. Highway Diesel Rule. Available at: 
<www.epa.gov>. Accessed: September 14, 
2010. 

Declares a reduction in harmful pollution from 
heavy trucks by more than 90%. 

No No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0028 Sierra Club 

Center for Biological Diversity v. National 
Highway Traffic Safety Administration, 508 
F.3d 508, 550 (9th Cir. 2007). 

Addresses NHTSA’s methodology for 
conducting environmental assessments. No No 

NHTSA-2010-
0079-0028 Sierra Club 

U.S. EPA (United States Environmental 
Protection Agency). 2007. A Wedge Analysis of 
the U.S. Transportation Sector. Available at: 
<http://www.epa.gov/oms/climate/420f07049.ht
m>. Accessed: September 14, 2010. 

Asserts that the cumulative impacts of the 
proposed alternatives should be evaluated 
based on the anticipated GHG emissions from 
the fuel efficiency standards over the lifetime of 
the model year trucks with other anticipated 
emissions from the United States during the 
same period. 

No No 

NHTSA-2010-
0079-0028 Sierra Club 

S. 3464, 111th Cong. § 101(a)(4)(2010). 
Practical Energy and Climate Plan Act of 2010.

Revisions to the plan may include a cost-
benefit analysis considering costs of petroleum 
use changes due to the Deepwater Horizon 
offshore drilling accident. 

No No 

NHTSA-2010-
0079-0028 Sierra Club 

Lovins, A.B. et al. 2004. Winning the Oil 
Endgame. Rocky Mountain Institute. Available 
at: 
<http://www.oilendgame.com/ReadTheBook.ht
ml>. Accessed: September 14, 2010. 

Suggests that vehicle weight can be lowered to 
increase fuel efficiency. 

Yes No 

NHTSA-2010-
0079-0028 Sierra Club 

Bhatia, R. et al. 1998. Diesel Exhaust 
Exposure and Lung Cancer. Epidemiology 
9(1). 
 

Suggests that cost-benefit analysis should 
include all benefits from reduced human 
exposure to diesel exhaust. Yes No 

NHTSA-2010-
0079-0028 Sierra Club 

Sydbom, A. et al. 2001. Health Effects of 
Diesel Exhaust Emissions. European 
Respiratory Journal 17(733). 

Suggests that cost-benefit analysis should 
include all benefits from reduced human 
exposure to diesel exhaust. 

Yes No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0028 Sierra Club 

California Environmental Protection Agency Air 
Resources Board. 2010. Health Effects of 
Diesel Exhaust. Last revised:  April 23, 2010. 
Available at: 
<http://www.arb.ca.gov/research/diesel/diesel-
health.htm>. Accessed: September 14, 2010.  

Suggests that cost-benefit analysis should 
include all benefits from reduced human 
exposure to diesel exhaust. No No 

NHTSA-2010-
0079-0028 Sierra Club 

Menon, S. et al. 2002. Climate Effects of Black 
Carbon Aerosols in China and India. Science 
297(2250):2250—2253. 

Explores impacts from black carbon, including 
highway safety issues associated with reduced 
roadway visibility from diesel exhaust. 

Yes Yes 

NHTSA-2010-
0079-0028 Sierra Club 

The International Council on Clean 
Transportation. 2009. A Policy-Relevant 
Summary of Black Carbon Climate 
Science and Appropriate Emissions Control 
Strategies. Available at: 
<http://www.theicct.org/2009/12/bc-strategies/ 
>. Accessed: September 14, 2010. 

States that regulation on black carbon can 
create global climate benefits. 

No No 

NHTSA-2010-
0079-0028 Sierra Club 

Hansen, J. et al. 2007. Dangerous Human-
made Interference with Climate: A GISS Model 
Study. Atmospheric Chemistry and Physics 
7:2287-2312. Available at: 
<http://pubs.giss.nasa.gov/docs/2007/2007_Ha
nsen_etal_1.pdf>. Accessed: September 14, 
2010. 

Stresses that there is a high cost to society if 
there is failure to fully address the 
consequences of global climate change. 

Yes No 

NHTSA-2010-
0079-0029 

Rubber 
Manufacturers 
Association 

Tire Retread and Repair Information Bureau. 
2010. Retread Facts. Available at: 
<http://www.retread.org/Facts/index.cfm/ID/225
.htm>. Accessed: September 14, 2010. 

Explains that retread tires save money and are 
better for the environment. No No 

NHTSA-2010-
0079-0029 

Rubber 
Manufacturers 
Association 

74 FR 33567 (June 14, 2010). Includes a computer model to simulate fuel 
efficiency with a set of vehicle component 
inputs that NHTSA can easily employ if the 
Notice of Intent Alternative 3 is used. 

No No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 12, 2010. 

Addresses the issue of fuel efficiency in 
regards to medium- and heavy-duty trucks and 
offer solutions and improvements to be made 
to increase fuel efficiency. Yes No 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

U.S. EPA (Environmental Protection Agency). 
2010. EPA Analysis of the Transportation 
Sector: Greenhouse Gas and Oil Reduction 
Scenarios. Available at: 
<http://www.epa.gov/oms/climate/GHGtranspor
tation-analysis03-18-2010.pdf>. Accessed: 
September 14, 2010. 

Contains EPA analysis of GHG emission and 
fuel consumption in the transportation industry 
through 2030. 

No No 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

American Trucking Association. 2008. 
Strategies for Reducing the Trucking Industry’s 
Carbon Footprint. Available at: 
<http://www.trucksdeliver.org/pdfs/Campaign_
Executive_Summary.pdf>. Accessed: 
September 14, 2010. 

Addresses fuel efficiency in medium- and 
heavy-duty trucks and cost-effective ways to 
improve it. No No 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

American Transportation Research Institute. 
Available at: <www.atri-online.org>. Accessed: 
September 14, 2010. See NHTSA-2010-0079-
0030 on www.Regulations.gov  

Provides a link to the ATRI studies. 

No No 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

National Academy of Sciences. 2010. 
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles. Last revised: 2010. Available at: 
<http://www.nap.edu/catalog/12845.html>. 
Accessed: September 12, 2010. 

Suggests that near-term fuel economy benefits 
can be achieved from more cost-effective 
options than just engine improvements.  Yes Yes 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0030 

American 
Trucking 
Associations 

Natural Resources Canada. 2010. Transport 
Herve Lemieux - Energy Efficiency Project 
Sheet.  

Notes a decrease in truck fuel consumption 
given proper driver training and tracking. No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

ALA (American Lung Association). 2010. State 
of the Air. ALA, New York. 173 pgs. Available 
at: 
<http://www.stateoftheair.org/2010/assets/SOT
A2010.pdf>. Accessed: September 14, 2010. 

Provides additional information on health 
effects relating to air pollution. 

No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

CDC (Centers for Disease Control and 
Prevention). 2010. Environmental Health 
Features. Last revised: September 7, 2010. 
Available at: 
<http://www.cdc.gov/Environmental/>. 
Accessed: September 14, 2010. 

Provides additional information on health 
effects relating to environmental hazards. 

No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

CDC (Centers for Disease Control and 
Prevention). 2010. CDC Transportation 
Recommendations. Last revised: April 28, 
2010. Available at: 
<http://www.cdc.gov/transportation/>. 
Accessed: September 14, 2010.  

Provides additional information on health 
effects relating to transportation. 

No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

Epstein, P.R. et al. 2005. Climate Change 
Futures: Health, Ecological and Economic 
Dimensions. Center for Health and the Global 
Environment, Harvard Medical School. 141 
pgs. 

Provides additional information on health 
effects in an ecological and economical 
context. No Yes 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

Epstein, P.R. et al. 2008. Healthy Solutions for 
the Low Carbon Economy: Guidelines for 
Investors, Insurers, and Policy Makers. Center 
for Health and the Global Environment, 
Harvard Medical School. 37 pgs. Available at: 
<http:chge.med.harvard.edu/programs/ccf/doc
uments/healthy_solutions_report.pdf>. 
Accessed: September 14, 2010.  

Provides additional information on health 
effects relating to transportation including the 
following: alternative fuels, smart growth, smart 
grids, and clean power generation 
technologies.   No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

Jacobson, M.Z. 2008. Testimony to Select 
Committee on Energy Independence & Global 
Warming. 

Discusses the effects of carbon dioxide on air 
pollution and health in California relative to the 
U.S. 

No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control 

Jacobson, M.Z. 2008. On the Causal Link 
Between Carbon Dioxide and Air Pollution 
Mortality. Geophysical Research Letters 
35:L03809. 

Provides additional information on health 
effects relating to air pollution. Yes No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

Jacobson, M.Z. 2008. Effects of Local v Global 
CO2 Emission on Local Air Quality and Health. 
Presentation to EPA - Stanford Symposium on 
Impacts of Climate Change in Air Quality. 

Provides an overview of the effects of local and 
global CO2 emissions on local air quality and 
health. No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

Frumkin, H. 2008. Statement to the U.S. House 
of Representatives Select Committee on 
Energy Independence and Global Warming 
(April 9, 2008). Available at: 
<http://globalwarming.house.gov/tools/assets/fil
es/0486.pdf>. Accessed: September 14, 2010. 

Provides additional information on health 
effects relating to climate change. 

No No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

CDC (Centers for Disease Control and 
Prevention). Undated. Policy on Climate 
Change and Health. Last revised: December 
14, 2009. Available at: 
<http://www.cdc.gov/climatechange/policy.htm 
>. Accessed: September 14, 2010. 

Provides additional information on health 
effects relating to climate change. 

No No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

Frumkin, H., J. Hess, G. Luber, J. Malilay and 
M. McGeehin. 2008. Climate Change: the 
Public Health Response. American Journal of 
Public Health 98:435—445. 

Provides additional information on health 
effects relating to climate change. Also 
proposes a public health approach to climate 
change through clinical and population health 
services, emphasizing the cooperation of 
government agencies, private sector, and 
NGOs. 

Yes No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

Luber, G. and J. Hess. 2007. Climate Change 
and Human Health in the United States. 
Journal of Environmental Health 70(5):43—44. 

Provides additional information on health 
effects relating to climate change. Yes No 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

Patz, J.A., M. McGeehin, S.M. Bernard, K.L. 
Ebie, P.R. Epstein, A. Grambsch, D.J. Gubler, 
P. Reiter, I. Romieu, J.B. Rose, J.M. Samet 
and J. Trtang. 2000. The Potential Health 
Impacts of Climate Change Variability and 
Change for the U.S. Environmental Health 
Perspectives 108(4)36—54. 

Provides additional information on health 
effects relating to climate change. 

Yes Yes 

NHTSA-2010-
0079-0035 

Centers for 
Disease 
Control and 
Prevention 

U.S. EPA (United States Environmental 
Protection Agency). 2002. Health Assessment 
Document for Diesel Engine Exhaust. National 
Center for Environmental Assessment, Office 
of Research and Development, US EPA. 
Washington, D.C. pgs. 9—11. Available at: 
<http://www.epa.gov/IRIS/subst/0642.htm>. 
Accessed: September 14, 2010. 

Provides additional information on health 
effects relating to air pollution from diesel 
exhaust particulates that exacerbate allergies 
and asthma conditions. No No 
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Sources Identified in Scoping Comments 

Comment No. 
(EIS Docket No.) 

Name of 
Commenter 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer 
Reviewed?

(Yes/No) 

Included in
IPCC's Fourth
Assessment

Report? 
(Yes/No) 

NHTSA-2010-
0079-0040 

State of 
Tennessee 
Department of 
Transportation 

FHWA (U.S. Federal Highway Administration). 
Federal Transportation Conformity 
Regulations. Last revised: April 1, 2010. 
FHWA, USDOT (U.S. Department of 
Transportation). Available at:  
<http://www.fhwa.dot.gov/environment/conform
ity/con_laws.htm>. Accessed: July 26, 2010 

Provides additional information on laws and 
regulations regarding transportation planning. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

This comment incorporates by reference all sources listed under NHTSA-2010-0079-0025. 
For references set forth therein, see Table A-1 above. 

NHTSA-2010-
0079-0079 

South Carolina 
Department of 
Transportation 

Trucking info. 2011. Hydraulic Hybrids: Ride-
and-Drive Report From Work Truck Show. 
Clean & Green. Available at: 
<http://www.truckinginfo.com/clean-
green/news-
detail.asp?news_id=70508&news_category_id
=63>. 

Reports on the hydraulic hybrids, which 
incorporate a new fuel technology for trucks. 

No No 

NHTSA-2010-
0079-0079 

South Carolina 
Department of 
Transportation 

NASA (National Aeronautics and Space 
Administration). 2011. New Map Offers a 
Global View of Health-Sapping Air Pollution. 
Last revised: September 22, 2010. Available at:
<http://www.nasa.gov/topics/earth/features/hea
lth-sapping.html>. 

Maps PM2.5, indicating U.S. particulate matter 
density 

No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

IPCC Fourth Assessment Report (AR4), supra 
at 45, Table 3.1. 

Climate change science  
Yes Yes 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Ramanathan, V. and G. Carmichael. 2008. 
Global and Regional Climate Changes Due to 
Black Carbon. Nature Geoscience 1:221-223, 
Figure 2. 

Describes climate impact of black carbon, 
maintaining that emissions of black carbon are 
the second strongest contribution to current 
global warming, after CO2 emissions, and may 
be just as important as CO2 in the melting of 
snowpacks and glaciers in some areas. 

Yes No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Bond, T., and H. Sun. 2005. Can Reducing 
Black Carbon Emissions Counteract Global 
Warming? Environmental Science & 
Technology 39:5291. 

Reviews and acknowledge scientific arguments 
against considering aerosols and greenhouse 
gases in a common framework, including the 
differences in the physical mechanisms of 
climate change and relevant time scales. 

Yes Yes 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Reddy, M.S., and O. Boucher. 2007. Climate 
Impact of Black Carbon Emitted from Energy 
Consumption in the World’s Regions. 
Geophysical Research Letters 34: L11802. 
Available at: 
<http://www.agu.org/journals/ABS/2007/2006G
L028904.shtml>. 

Estimates the contribution of different regions 
to global black carbon atmospheric burden and 
direct radiative forcing. 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

EPA. 2007.  Black Carbon and Global 
Warming: Hearing Before the Committee on 
Oversight and Government Reform, 110th 
Cong. 12-29 (statement of Mark Z. Jacobson, 
Professor, Stanford University).  Available at: 
<http://house.resource.org/110/gov.house.ogr.
20071018_hrs11RFM2154.pdf>.  Accessed:  
March 4, 2011. 

Summarizes and transcribes a hearing on 
black carbon and global warming. 

No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Walker, A.P. 2004. Controlling Particulate 
Emissions from Diesel Vehicles. Topics in 
Catalysis 1-4 28:165-166. Available at: 
<http://www.springerlink.com/content/hr2666r3
715t4426/>. 

Describes mechanisms for controlling 
particulate emissions of diesel engines. 

Yes No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Bonaquist, D. and R. Krut. 2010. The Role of 
Hydrogen in Minimizing Black Carbon 
Emissions from Diesel Engines: A White 
Paper. Available at: 
<www.google.com/url?q=http://www.praxair.co
m/praxair.nsf/0/6D73B5DA741457DA8525772
900703E30/%24file/Praxair-
H2MinimizingBlackCarbonEmissions-
WhitePaper.pdf&sa=X&ei=KpFHTOOHLoXfnA
en4b3QBA&ved=0CBUQzgQoADAA&usg=AF
QjCNG0X8ZW5l-DtwXG3Z6Iy6ttW8iLhw>. 

Elaborates on how reductions in sulfur and 
aromatic levels achieved by the use of 
hydrogen in hydrotreaters at refineries has led 
to lower black carbon emissions and reductions 
in equivalent carbon dioxide emissions in 
diesel engines that use particulate filters. No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Anthony K., D.I. Kline, G. Diaz-Pulido, S. Dove, 
and O. Hoegh-Guldberg. 2008. Ocean 
Acidification Causes Bleaching and 
Productivity Loss in Coral Reef Builders. 
Proceedings of the National Academy of 
Sciences 17442. 

Reports on an 8-week study that compares 
bleaching, productivity, and calcification 
responses of crustose coralline algae and 
branching and massive coral species in 
response to acidification and warming. 
 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Feely, R., S.R. Alin, J.Newton, C.L. Sabine, M. 
Warner, A. Devol, C. Krembs and C. Maloy. 
2010. The Combined Effects of Ocean 
Acidification, Mixing, and Respiration on pH 
and Carbonate Saturation in an Urbanized 
Estuary. Estuarine, Coastal, and Shelf Science 
88:442.  

Documents the combined effects of ocean 
acidification and other natural and 
anthropogenic processes on Puget Sound 
waters. Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Haugan, P.M., C. Turley, and H.O. Pörtner. 
2006. Effects on the Marine Environment of 
Ocean Acidification Resulting from Elevated 
Levels of CO2 in the Atmosphere. OSPAR 
Commission Report. 

Assesses the effects of and provides baseline 
information on ocean acidification resulting 
from increased atmospheric CO2, in particular 
for polar and subpolar seas.  

No Yes 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Hoffman, R., P. Dailey, S. Hopsch, R.M. Ponte, 
K. Quinn, E.M. Hill, and B. Zachry. 2010. An 
Estimate of Increases in Storm Surge Risk to 
Property from Sea Level Rise in the First Half 
of the Twenty-first Century. Weather, Climate, 
and Society DOI: 0.1175/2010WCAS1050.1   

Estimates increased property risk due to rising 
sea levels in the first half of the 21st Century. 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Ishimatsu, A., T. Kikkawa, M. Hayashi, K.S. 
Lee and J. Kit. 2004. Effects of CO2 on Marine 
Fish: Larvae and Adults. Journal of 
Oceanography 60:731. 

Documents the physiological effects of 
elevated CO2 on larvae and adults of marine 
fishes. Yes Yes 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Kriegler, E., J. W. Hall, H. Held, R. Dawson, 
and H.J. Schellnhuber. 2009. Imprecise 
Probability Assessment of Tipping Points in the 
Climate System. Proceedings of the National 
Academy of Sciences 106. 

Surveys 43 scientists on their subjective 
opinion about the probability intervals for the 
occurrence of such major changes under 
global warming, such as: restructuring of the 
Atlantic meridional overturning circulation, the 
Greenland and West Antarctic ice sheets, the 
Amazon rainforest, and ENSO. 
 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

McNeil, B., and R.J. Matearb. 2008. Southern 
Ocean Acidification: A Tipping Point at 450-
ppm Atmospheric CO2. Proceedings of the 
National Academy of Sciences 105. 

Examines the seasonal magnitude and 
variability of carbonate ion and pH and impacts 
on marine ecosystems using a large-scale 
Southern Ocean observational analysis. 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Pörtner, H., M. Langenbuch, and A. 
Reipschlager. 2004. Biological Impact of 
Elevated Ocean CO2 Concentrations: Lessons 
from Animal Physiology and Earth History. 
Journal of Oceanography 60(4):705. 

Discusses responses of marine mammals to 
elevated ocean CO2 concentrations. 

Yes No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Pörtner, H.O., M. Langenbuch, and B. 
Michaelidis. 2005. Synergistic Effects of 
Temperature Extremes, Hypoxia, and 
Increases in CO2 on Marine Animals: From 
Earth History to Global Change. Journal of 
Geophysical Research 110(C09S10). 

Describes impacts to marine organisms from 
increased CO2, temperature extremes, and 
hypoxia. Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Sherwood, S., and M. Huber. 2010. An 
Adaptability Limit to Climate Change due to 
Heat Stress. Proceedings of the National 
Academy of Sciences 107(9552). 

Discusses how heat stress poses an upper 
limit to adaptability to climate change by 
humans. Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Turley C, J. Blackford, S. Widdicombe, D. 
Lowe, P.D. Nightingale, A.P. Rees, 2006. 
Reviewing the Impact of Increased 
Atmospheric CO2 on Oceanic pH and the 
Marine Ecosystem. In: Schellnhuber HJ, W. 
Cramer, N. Nakicenovic, T. Wigley, G. Yohe 
(editors). Avoiding Dangerous Climate Change, 
Cambridge University Press, 8:65-70.  

Describes impacts to marine organisms and 
ocean pH from increased atmospheric CO2 
concentrations. 

No Yes 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Veron, J.E.N., O. Hoegh-Guldberg, T.M. 
Lenton, J.M. Lough, D.O. Obura, P. Pearce-
Kelly, C.R.C. Sheppard, M. Spalding, M.G. 
Stafford-Smith, A.D. Rogers. 2009. The Coral 
Reef Crisis: The Critical Importance of <350 
ppm CO2. Marine Pollution Bulletin 
58(10):1428-1436. 

Describes impacts to coral reef from increased 
atmospheric CO2 concentrations. 

Yes No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Bowles, I. 2010. Massachusetts Clean Energy 
and Climate Plan for 2020. A Report to the 
Great and General Court Pursuant to the 
Global Warming Solutions Act.  Available at: 
<http://www.mass.gov/Eoeea/docs/eea/energy/
2020-clean-energy-plan.pdf>. 

Outlines plan for Massachusetts to meet its 
statutory obligation to reduce GHG emissions 
of 25 percent below 1990 levels for 2020. No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

NESCCAF (Northeast States Center for a 
Clean Air Future), ICCT (International Council 
on Clean Transportation), Southwest Research 
Institute, and TIAX, LLC. 2009. Reducing 
Heavy-Duty Long Haul Combination, Final 
Report.  

Assesses available and emerging technologies 
that could be used to reduce CO2 emissions 
and lower fuel consumption from new heavy-
duty long haul combination trucks in the United 
States from 2012 to 2017. 

No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

EPA. 2010. Technical Support Document: 
Social Cost of Carbon for Regulatory Impact 
Analysis Under Executive Order 12866. 
Interagency Working Group on Social Cost of 
Carbon, United States Government. Available 
at: 
<http://www.epa.gov/oms/climate/regulations/s
cc-tsd.pdf>.  

Summarizes the interagency process for 
developing SCC estimates. 

No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Ackerman, F. and E. Stanton. 2010. The Social 
Cost of Carbon. A Report for the Economics for 
Equity and the Environment Network.  
Available at: 
<www.e3network.org/papers/SocialCostOfCarb
on_SEI_20100401.pdf>. 

Discusses the authors’ belief that a better 
estimate of the value of SCC used in analyses 
is needed. No No 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

New, M., D. Liverman, H. Schroder, K. 
Anderson. 2010. Four Degrees and Beyond: 
the Potential for a Global Temperature 
Increase of Four Degrees and its Implications. 
The Royal Society (369). Available at: 
<http://rsta.royalsocietypublishing.org/content/c
urrent/>. 

Discusses the environmental ramifications of a 
global temperature increase of four degrees or 
more. 

Yes No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

International Panel on Climate Change. 2007. 
Climate Change 2007: Synthesis Report, 
Summary for Policymakers at 54. Available at: 
<http://www.ipcc.ch/publications_and_data/pub
lications_ipcc_fourth_assessment_report_synt
hesis_report.htm>.  

Provides an integrated view of climate change 
as the final part of the IPCC’s Fourth 
Assessment Report. Yes Yes 

NHTSA-2010-
0079-0081 

Center for 
Biological 
Diversity 

Notice of Proposed Rulemaking. Greenhouse 
Gas Emissions Standards and Fuel Efficiency 
Standards for Medium- and Heavy-Duty 
Engines and Vehicles. 75 FR 74226 (Nov. 30, 
2010) 

Controlling GHG and setting fuel efficiency 
standards for Medium and Heavy-Duty engines 
and vehicles. No No 

NHTSA-2010-
0079-0082 

Center for 
Biological 
Diversity 

Jacobson, M. 2008. Testimony for the Hearing 
on Black Carbon and Arctic, House Committee 
on Oversight and Government Reform, United 
States House of Representatives, The 
Honorable Henry A. Waxman, Chair. October 
18.  Weather, Climate, and Society. DOI: 
0.1175/2010WCAS1050.1.  

Provides testimony to the House Committee on 
Oversight and Government Reform on the 
climatic impacts of black carbon. 

No No 

NHTSA-2010-
0079-0087 

Environmental 
Defense Fund 

Oak Ridge National Laboratory. 2008. The 
Energy Security Benefits of Reduced Oil Use, 
2006-2015. 

Unavailable. 
No No 

NHTSA-2010-
0079-0087 

Environmental 
Defense Fund 

Practical Energy and Climate Plan Act of 2010, 
S. 3464, 111th Cong. § 101(a)(4) (2010). 

Proposes a bill to establish an energy and 
climate policy framework to reach measurable 
gains in reducing dependence on foreign oil, 
saving Americans money, improving energy 
security, and cutting greenhouse gas 
emissions, and other benefits. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0094 

Dominic 
Cardella 

ATA (American Trucking Associations). 2011. 
CO2 Emission Reductions Achieved From 
Freight Industry Under U.S. EPA's 
SmartWaySM Transport Partnership Program.  
Available at:  
<http://www.trucksdeliver.org/issues/smartway.
html>.   

Describes CO2 emission reductions achieved 
from the freight industry under U.S. EPA's 
SmartWaySM Transport Partnership Program. 

No No 

NHTSA-2010-
0079-0094 

Dominic 
Cardella 

Consumers Union of United States, Inc. 2010. 
White House Pushes for Higher Fuel Efficiency 
Standards: Statement by Consumers Union.  
Available at: 
<http://www.consumersunion.org/pub/core_oth
er_issues/016488.html>.  

Reports on the Presidential Order to improve 
fuel efficiency standards. 

No No 

NHTSA-2010-
0079-0108 

Bridgestone 
Americas Tire 
Operations; 
Timothy 
Robinson 

NAS (National Academies of Sciences). 2010.  
Technologies and Approaches to Reducing the 
Fuel Consumption of Medium and Heavy-Duty 
Vehicles. Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles. The National Academies Press. 
Washington D.C. 250 pgs.  Available at: 
<http://books.nap.edu/openbook.php? 
record_id=12845&page=1>.  

Describes ways to reduce fuel consumption for 
MD/HD vehicles. 

No No 

NHTSA-2010-
0079-0110 

Northeast 
States for 
Coordinated Air 
Use 
Management 

Turpen, A. 2010.  Pike Research Forecasts 
300,000 Medium- & Heavy-Duty Hybrids by 
2015. Green Big Truck. Available at: 
<http://greenbigtruck.com/2010/06/pike-
research-forecasts-300000-medium-heavy-
duty-hybrids-by-2015>.  

Projects sales growth of hybrid trucks. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0110 

Northeast 
States for 
Coordinated Air 
Use 
Management 

DOE (U.S. Department of Energy). 2010.   
Annual Energy Outlook 2010. Energy 
Information Agency. Washington, D.C. 
DOE/EIA-0383(2010).  Available at: 
<http://www.eia.doe.gov/oiaf/aeo/pdf/0383(201
0).pdf>. 

Reports on projected domestic energy 
consumption. 

No No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Kirkland, J. 2011. "Scenario to cap world 
emissions by 2020 is fading fast, warns IEA 
economist." ClimateWire. Available at: 
<http://www.eenews.net/public/climatewire/201
1/01/24/1>.  

Reports on one economist’s predictions for 
growth in the world’s future CO2 emissions. 

No No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Bradbury, J. 2010. EPA, The Clean Air Act, 
and U.S. Manufacturing. World Resources 
Institute. Available at: 
<http://www.wri.org/stories/2010/11/epa-clean-
air-act-and-us-manufacturing>. 

Describes considerations Congress should 
account for before limiting the Clean Air Act 
authority to reduce GHG emissions. No No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Goodstein, E., K. Sheeran, P. Dorman, J. 
Laitner, and J. Isham. 2010. Climate Policy and 
Jobs: An Update on What Economists Know. 
Economics for Equity and the Environment. 
Available at: 
<http://climateprogress.org/2010/02/18/climate-
policy-and-jobs-what-economists-know/>. 

Outlines the ways in which addressing climate 
change can lead to growth in jobs in the US 
economy. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Tedesco, M., X Fettweis, M R van den Broeke, 
R S W van de Wal, C J P P Smeets, W J van 
de Berg, M C Serreze and J E Box. 2011. The 
Role of Albedo and Accumulation in the 2010 
Melting Record in Greenland. Environmental 
Research Letters, Environ. Research Letter 6 
(2011), DOI:10.1088/1748-9326/6/1/014005, 
Available at: <http://iopscience.iop.org/1748-
9326/6/1/014005/pdf/1748-
9326_6_1_014005.pdf>. 

Describes the role of albedo and accumulation 
in the 2010 pack ice melting record in 
Greenland. 

Yes No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Flanner, M.G., K. M. Shell, M. Barlage, D. K. 
Perovich, and M. A. Tschudi. 2011. Radiative 
Forcing and Albedo Feedback from Northern 
Hemisphere Cryosphere. Nature Geoscience. 
Jan. 16, 2011, DOI:10.1038/NGE01062  
Available at: 
<http://www.nature.com/ngeo/journal/v4/n3/full/
ngeo1062.html>. 

Assesses the influence of the Northern 
Hemisphere cryosphere on Earth’s radiation 
budget at the top of the atmosphere—termed 
cryosphere radiative forcing—by synthesizing a 
variety of remote sensing and field 
measurements 

Yes No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Chong S. Kim et al. 2011. Lung Function and 
Inflammatory Responses in Healthy Young 
Adults Exposed to 0.06 ppm Ozone for 6.6 
Hours. Americal Journal of Respiratory and 
Clinical Care Medicine 
DOI:10.1164/rccm.201011-1813OC. Available 
at: 
<http://ajrccm.atsjournals.org/cgi/content/abstr
act/201011-1813OCv1>. 

Documents lung damage resulting from air 
pollution in healthy young adults exposed to 
0.06 ppm ozone for 6.6 hours. 

Yes No 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Ackerman, F. and L. Heinzerling. 2004. 
Priceless: On Knowing the Price of Everything 
and the Value of Nothing. The New Press, NY, 
New York. 

Examines the methodology through which 
economists develop monetary values and cost-
benefit analyses on health and environmental 
protection. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0112 

Center for 
Biological 
Diversity 

Stockholm Environment Institute. 2011. 
Additionality and Quantification Procedures. 
Available at: 
<http://www.co2offsetresearch.org/policy/Additi
onalityBaselines.html>.  

Examines additional assessment components 
and quantification procedures for various 
carbon offset and credit programs. No No 

NHTSA-2010-
0079-0113.2 

Center for 
Biological 
Diversity 

EPA. Undated. The Benefits and Costs of the 
Clean Air Act: 1970 to 1990. Available at: 
<http://www.epa.gov/air/sect812/copy.html>. 

Analyzes the costs and benefits of EPA's 
Clean Air Act. No No 

NHTSA-2010-
0079-0116 

Hayday Farms 
Inc 

The White House, Office of the Press 
Secretary.  2010.  Presidential Memorandum 
Regarding Fuel Efficiency Standards.  
Available at: Available at: 
<http://www.whitehouse.gov/the-press-
office/presidential-memorandum-regarding-
fuel-efficiency-standards>. 

Describes ways in which the government can 
improve energy security, increase 
competitiveness, create jobs, and promote 
environmental protection through increased 
fuel efficiency standards in medium and heavy 
duty trucks. 

No No 

NHTSA-2010-
0079-0118 

Center for 
Biological 
Diversity 

Yale Project on Climate Change and the 
George Mason University Center for Climate 
Change Communication. Undated. Climate 
Change in the American Mind: Americans' 
climate change beliefs, attitudes, policy 
preferences, and actions. Available at: 
<http://www.climatechangecommunication.org/i
mages/files/Climate_Change_in_the_American
_Mind.pdf> 

Summarizes the results of a 2008 survey on 
the public opinion on climate change and policy 
options for mitigation. 

No No 

NHTSA-2010-
0079-0126 

American 
Automotive 
Policy Council 

DOE (U.S. Department of Energy). 2011. 
Annual Energy Outlook 2011. Table Petroleum 
Product Prices - AEO 2011 Reference Case. 
Energy Information Administration. 
Washington, D.C. Washington, D.C. DOE/EIA-
0383ER(2011). Available at: 
<http://eia.doe.gov/forecasts/aeo/index.cfm>.  

Provides an early release overview of the 2011 
AEO evaluating energy trends and issues 
regarding the US energy markets. 

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0126 

American 
Automotive 
Policy Council 

EPA. 2010. Draft Regulatory Impact Analysis – 
Proposed Rulemaking to Establish 
Greenhouse Gas Emissions Standards and 
Fuel Efficiency Standards for Medium- and 
Heavy-Duty Engines and Vehicles. (EPA-420-
D-10-901)(“Heavy-Duty Draft RIA”). 2-72 – 2-
75. Available at: 
<www.epa.gov/oms/climate/regulations/420d10
901.pdf>.  

Draft RIA on EPA’s Proposed Rulemaking to 
Establish Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for 
Medium- and Heavy-Duty Engines and 
Vehicles. No No 

NHTSA-2010-
0079-0126 

American 
Automotive 
Policy Council 

Minnesota Pollution Control Agency. 2010. 
Minnesota Mobile Air Conditioner Leakage 
Data. Available at: 
<http://www.pca.state.mn.us/index.php/viewdo
cument. html?gid=3374>. 

Provides data on Minnesota’s mobile air 
conditioner leakage and describes the potential 
impact of refrigerants on climate change. No No 

NHTSA-2010-
0079-0129 Cummins Inc. 

Roberts, C., J.C. Snyder, C.H. Stovell, L. 
Dodge, T. Ryan and R. Stanglmaier. 2004. The 
Heavy-Duty Gasoline Engine - An alternative to 
meet emissions standards of tomorrow. SAE 
Paper 2004-01-0984. Available at: 
<http://papers.sae.org/2004-01-0984>.  

Presents initial experimental and numerical 
results for a proposed technology concept for 
the heavy-duty gasoline engine and 
summarizes internal research efforts 
conducted at Southwest Research Institute. 

No No 

NHTSA-2010-
0079-0129 Cummins Inc. 

Alger, T., Mangold, B. 2009. Dedicated EGR: A 
New Concept in High Efficiency Engines. SAE 
Paper 2009-01-0694. Available at: 
<http://www.sae.org/search?searchfield=2009-
01-0694>. 

Explores the potential of an engine with 
individual cylinders dedicated to EGR 
production, demonstrating large gains in fuel 
efficiency over the baseline, low compression 
ratio engine and significantly reduces the 
exhaust emissions from the other 3 cylinders. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

DOE. 2011. Annual Energy Outlook 2011. 
Appendix A. Energy Information Administration, 
Washington, D.C. Washington, D.C. DOE/EIA-
0383ER(2011). Available at: 
<http://www.eia.doe.gov/oiaf/aeo/pdf/0383(201
0).pdf>.  

Provides Appendix A, reporting energy 
information used in the 2011 Annual Energy 
Outlook. No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

EPA. 2011.  What SmartWay Can Do For You: 
Idling Reduction.  Available at: 
<http://www.epa.gov/smartwaylogistics/transpo
rt/what-smartway/idling-reduction.htm>.  

Proposes strategies and technologies to 
reduce idling of vehicles. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

CARB (California Air Resources Board). 2005. 
Staff Report: Initial Statement of Reasons. 
Notice of Public Hearing to Consider 
Requirements to Reduce Idling Emissions from 
New and In-Use Trucks: Beginning in 2008. 
Table 3 and Table 5: page 44. Available at: 
<http://www.arb.ca.gov/regact/hdvidle/isor.pdf>
. 

Provides an initial statement of reasons for the 
Notice of Public Hearing to Consider 
Requirements to Reduce Idling Emissions from 
New and In-Use Trucks: Beginning in 2008. No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

California Environmental Protection Agency. 
2009. Idle Technology Reductions for Sleeper 
Berth Trucks. Available at: 
<http://www.arb.ca.gov/msprog/cabcomfort/cab
comfort.htm>.  

Proposes idle reduction technologies for 
sleeper berth trucks. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

DOE (U.S. Department of Energy). 2011. 
Petroleum Basic Statistics. Energy Information 
Administration. Available at: 
<http://www.eia.doe.gov/basics/quickoil.html>. 

Provides petroleum basic statistics from the 
Energy Information Administration. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Stern, N. 2006. The Economics of Climate 
Change: the Stern Review. United Kingdom 
Cabinet Office.  

Discusses the social cost of carbon resulting 
from anthropogenic climate change. 

Yes Yes 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

EPA. 2008. Technical Support Document on 
Benefits of Reducing GHG Emissions. U.S. 
EPA, Washington, D.C. Available at: < 
http://www.eenews.net/public/25/10084/feature
s/documents/2009/03/11/document_gw_04.pdf
>. 

Summarizes technical information and recent 
but initial work by the EPA on estimating the 
benefits of greenhouse gas emissions 
reduction. No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

EPA. 2006. Air Quality Criteria for Ozone and 
Related Photochemical Oxidants (2006 Final). 
U.S. Environmental Protection Agency, 
Washington, DC.  Available at: < 
http://cfpub.epa.gov/si/si_public_record_report.
cfm?dirEntryId=2831>. 

Critically evaluates and assesses the latest 
scientific data associated with exposure to the 
concentrations of ozone and photochemical 
oxidants found in ambient air. No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

DOE. 2009.  World Proved Reserves of Oil and 
Natural Gas, Most Recent Estimate. Energy 
Information Administration. Available at: 
<http://www.eia.doe.gov/emeu/international/res
erves.html>.  

Provides recent data estimates on the world 
proved oil and natural gas reserves. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Lefton, R., and D.J. Weiss. 2010. Oil 
Dependence is a Dangerous Habit. Center for 
American Progress. Available at: 
<http://www.americanprogress.org/issues/2010
/01/oil_imports_security.html>.  

Reports on the cost of US oil imports and the 
damages to the exporting countries.  

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Operation Free. 2010. US Addiction to Oil 
Enriches Dictators. Available at: 
<http://www.operationfree.net/energy-security-
threats/to-oil-addiction/>. 

Describes the national security implications of 
oil use and the propensity of this use to support 
foreign dictators. No No 
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Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Energy Security Leadership Council. 2008. A 
National Strategy for Energy Security: 
Recommendations to the Nation on Reducing 
U.S. Oil Dependence. Available at: 
<http://www.secureenergy.org/sites/default/files
/936_A_National_Strategy_for_Energy_Securit
y.pdf>.  

Provides recommendations to promote energy 
security through a national energy security 
strategy. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

EPA. 2010. Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: 1990-2008. Chapter 3. 
Available at: 
<http://epa.gov/climatechange/emissions/downl
oads10/US-GHG-Inventory-2010_Chapter3-
Energy.pdf>.  

Describes energy-related activities accounting 
for US anthropogenic GHG emissions, 
primarily fossil fuel combustion and mobile 
fossil fuel combustion.  No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Fingar, T. 2008. National Intelligence 
Assessment on the National Security 
Implications of Global Climate Change to 2030. 
Testimony to the House Permanent Select 
Committee on Intelligence and House Select 
Committee on Energy Independence and 
Global Warming. National Intelligence Council. 
June 25. 

Assesses the national security implications of 
climate change up to 2030. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

NIC (National Intelligence Council). 2008. 
Global Trends 2025: A Transformed World. 
U.S. Government Printing Office, Washington, 
D.C. Available at: 
<www.dni.gov/nic/NIC_2025_project.html>. 

Reports on the long-term view of the future 
energy and environmental trends, examining 
how key global trends might develop up until 
2025 to influence world events. 

No No 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Broder, J.M. 2009. Climate Change Seen as 
Threat to U.S. Security. New York Times. Aug. 
9, at A1. Available at:  
<http://www.nytimes.com/2009/08/09/science/e
arth/09climate.html>. 

Reports on how global climate change will 
pose profound strategic challenges to the US in 
coming decades, raising the prospect of 
military intervention to deal with the effects of 
violent storms, drought, mass migration, and 
pandemics.  

No No 
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Table A-2 
 

Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

NHTSA-2010-
0079-0142 

American Lung 
Association 
Environmental 
Defense Fund  

Center for American Progress. 2009. Securing 
America's Future: Enhancing our National 
Security by Reducing Oil Dependence and 
Environmental Damage. Available at: 
<http://www.americanprogress.org/issues/2009
/08/securing_future.html>.  

Reports on the current opportunity the US has 
for enhancing its national security by reducing 
its dependence on oil. No No 

PAPER-
Cambridge-03 

Kelly Sims 
Gallagher 

Oak Ridge National Laboratory. 2010. 
Transportation Energy Databook. Edition 29. 
Prepared for the Office of Energy Efficiency 
and Renewable Energy, Department of Energy. 
Available at: 
<http://cta.ornl.gov/data/tedb29/Edition29_Full_
Doc.pdf> . 

Provides statistics and information that 
characterize transportation activity. 

No No 

PAPER-Chicago-
08 

General Board 
of Pension and 
Health Benefits 
of the United 
Methodist 
Church 

 The Ohio Business Council for a Clean 
Economy. 2010. Clean Economy Facts. 
Available at: 
<http://www.ohiocleaneconomy.biz/>. 

Describes the impact of clean energy and 
climate legislation on the economy of Ohio.   

No No 

PAPER-Chicago-
08 

General Board 
of Pension and 
Health Benefits 
of the United 
Methodist 
Church 

Cleetus, R., S. Clemmer, and D. Friedman. 
Union of Concerned Scientists. 2009. Climate 
2030. A National Blueprint for a Clean Energy 
Economy. Available at: 
<http://www.farcountry.org/Resources/Energy/
CleanEnergy2030ReportUCS2009.pdf>. 

Provides a comprehensive set of policies to 
jump-start the nation’s transition to a clean 
energy economy without delay and maximize 
the benefits to the environment and economy. No No 
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Sources Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name 

Full Title and Citation of Source 
With a Link if Available Issue Addressed by Source 

Peer-
Reviewed? 

(Yes/No) 

Included in 
IPCC's Fourth 
Assessment 

Report? 
(Yes/No) 

TRANS-
Cambridge-04 Kelly Gallagher 

Morrow, R., K.S. Gallagher, G. Collantes, and 
H. Lee. February 2010. Analysis of Policies to 
Reduce Oil Consumption and Greenhouse Gas 
Emissions from the U.S. Transportation Sector. 
Energy Policy, Vol. 38, No. 3, March: 1305-
1320.  Available at: 
<http://belfercenter.ksg.harvard.edu/files/Polici
es%20to%20Reduce%20Oil%20Consumption
%20and%20Greenhouse%20Gas%20Emissio
ns%20from%20Transportation.pdf>. 

Analyzes policies to reduce oil consumption 
and GHG emissions from the U.S. 
transportation sector. 

Yes No 

TRANS-Chicago-
11 

Ashkan Bayatp
our 

U.S. Department of Defense. February 2010. 
Quadrennial Defense Review Report. Available 
at: 
<http://www.defense.gov/qdr/images/QDR_as_
of_12Feb10_1000.pdf>.  

Describes strategies and initiatives by the U.S. 
Department of Defense for protecting the 
country and advancing its interests. No No 
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Table A-3 

 
Models Identified in DEIS Comments 

EIS Docket 
Number 

Commenter 
Name  Full Title of Model With a Link if Available  Key Assumptions of Model 

Peer‐
Reviewed? 
(Yes/No) 

In the Public 
Domain? 
(Yes/No) 

NHTSA‐2010‐
0079‐0081 

Center for 
Biological 
Diversity  

Ramanathan and Xu. 1996. citing Joos, F., 
Bruno, M., Fink, R., Siegenthaler, U., Stocker, 
T. F., Le Quere, C. and Sarmiento, J. L. An 
efficient and accurate representation of 
complex oceanic and biospheric models of 
anthropogenic carbon uptake. Tellus B, 48: 
397–417. doi: 10.1034/j.1600‐0889.1996.t01‐
2‐00006.x. Available at: 
<http://onlinelibrary.wiley.com/doi/10.1034/j
.1600‐0889.1996.t01‐2‐00006.x/abstract>.  

Proposes a climate change model using pulse 
response functions to assess the link between 
CO2 concentrations and anthropogenic carbon 
emissions. 

Yes Yes
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H. Executive Order 13211 

This proposed rule is not subject to 
Executive Order 13211, entitled Actions 
Concerning Regulations That 
Significantly Affect Energy Supply, 
Distribution, or Use (66 FR 28355, May 
22, 2001) because this action is not 
expected to affect energy supply, 
distribution, or use and this action is 
not a significant regulatory action under 
Executive Order 12866. 

I. National Technology Transfer and 
Advancement Act 

In addition, since this action does not 
involve any technical standards, section 
12(d) of the National Technology 
Transfer and Advancement Act of 1995 
(NTTAA), Public Law 104–113, section 
12(d) (15 U.S.C. 272 note), does not 
apply to this action. 

J. Executive Order 12898 

This action does not entail special 
considerations of environmental justice 
related issues as delineated by 
Executive Order 12898, entitled Federal 
Actions to Address Environmental 
Justice in Minority Populations and 
Low-Income Populations (59 FR 7629, 
February 16, 1994). 

List of Subjects in 40 CFR Part 721 

Environmental protection, Chemicals, 
Hazardous substances, Reporting and 
recordkeeping requirements. 

Dated: November 1, 2010. 
Wendy C. Hamnett, 
Director, Office of Pollution Prevention and 
Toxics. 

Therefore, it is proposed that 40 CFR 
part 721 be amended as follows: 

PART 721—[AMENDED] 

1. The authority citation for part 721 
continues to read as follows: 

Authority: 15 U.S.C. 2604, 2607, and 
2625(c). 

2. Amend § 721.5185 as follows: 
a. Revise the section heading. 
b. Revise paragraphs (a)(1) and 

(a)(2)(i). 
c. Add paragraph (a)(2)(ii). 
d. Revise paragraph (a)(2)(iii). 
e. Remove paragraphs (a)(2)(iv), 

(a)(2)(v), and (a)(2)(vi). 
f. Revise paragraph (b)(1). 
The revisions and addition read as 

follows: 

§ 721.5185 2-Propen-1-one, 1-(4- 
morpholinyl)-. 

(a) * * * 
(1) The chemical substance identified 

as 2-Propen-1-one, 1-(4-morpholinyl)- 
(PMN P–95–169; CAS No. 5117–12–4) is 
subject to reporting under this section 

for the significant new uses described in 
paragraph (a)(2) of this section. The 
requirements of this rule do not apply 
to quantities of the PMN substance after 
it has been completely reacted (cured). 

(2) * * * 
(i) Protection in the workplace. 

Requirements as specified in § 721.63 
(a)(1), (a)(2)(i), (a)(2)(iv), (a)(3)(i), 
(a)(3)(ii), (a)(4), (a)(6)(v), (b) 
(concentration set at 1.0 percent), and 
(c). Safety 4/4H EVOH/PE laminate, 
Ansell Edmont Neoprene number 865, 
and Solvex Nitrile Rubber number 275 
gloves have been tested in accordance 
with the American Society for Testing 
Materials (ASTM) F739 method and 
found by EPA to satisfy the consent 
orders and § 721.63(a)(2)(i) requirements 
for dermal protection to 100 percent 
PMN substance. Gloves and other 
dermal protection may not be used for 
a time period longer than they are 
actually tested and must be replaced at 
the end of each work shift. For 
additional dermal protection materials, 
a company must submit all test data to 
the Agency and must receive written 
Agency approval for each type of 
material tested prior to use of that 
material as worker dermal protection. 
However, for the purposes of 
determining the imperviousness of 
gloves, up to 1 year after the 
commencement of commercial 
manufacture or import, the employer 
may use the method described in 
§ 721.63(a)(3)(ii), thereafter, they must 
use the method described in 
§ 721.63(a)(3)(i). 

(ii) Hazard communication program. 
Requirements as specified in § 721.72 
(a), (b), (c), (d), (e) (concentration set at 
1.0 percent), (f), (g)(1)(iv), (g)(1)(vi), 
(g)(2)(v), and (g)(5). 

(iii) Industrial, commercial, and 
consumer activities. Requirements as 
specified in § 721.80(a), (c), and (y)(1). 

(b) * * * 
(1) Recordkeeping. The following 

recordkeeping requirements are 
applicable to manufacturers, importers, 
and processors of this chemical 
substance as specified in § 721.125(a) 
through (i). 
* * * * * 
[FR Doc. 2010–28006 Filed 11–4–10; 8:45 am] 

BILLING CODE 6560–50–P 

DEPARTMENT OF TRANSPORTATION 

National Highway Traffic Safety 
Administration 

49 CFR Parts 523, 534, and 535 

[Docket No. NHTSA–2010–0079] 

Notice of Availability of a Draft 
Environmental Impact Statement 
(DEIS) for New Medium- and Heavy- 
Duty Fuel Efficiency Improvement 
Program 

AGENCY: National Highway Traffic 
Safety Administration (NHTSA), 
Department of Transportation (DOT). 
ACTION: Notice of availability of a Draft 
Environmental Impact Statement (DEIS). 

SUMMARY: NHTSA has prepared a DEIS 
to disclose and analyze the potential 
environmental impacts of the agency’s 
newly proposed fuel consumption 
standards for commercial medium- and 
heavy-duty on-highway vehicles and 
work trucks (‘‘HD vehicles’’), which 
NHTSA recently proposed pursuant to 
the Energy Independence and Security 
Act of 2007. NHTSA invites Federal, 
State, and local agencies, Indian tribes, 
and the public to submit written 
comments on the DEIS using the 
instructions set forth in this notice. To 
facilitate review of the DEIS, NHTSA 
has posted the DEIS on its Web site 
(http://www.nhtsa.gov/fuel-economy) 
and placed it in the agency’s docket, 
identified by the docket number at the 
beginning of this notice. NHTSA will 
consider all public comments received 
on the DEIS in preparing final NEPA 
documents to support final fuel 
consumption standards, which NHTSA 
plans to issue next year. 
DATES: To ensure that NHTSA has the 
opportunity to consider comments on 
the DEIS, NHTSA must receive written 
comments by January 3, 2011. NHTSA 
will try to consider comments received 
after that date to the extent the NEPA 
and rulemaking schedules allow, but 
NHTSA cannot ensure that it will be 
able to do so. 
FOR FURTHER INFORMATION CONTACT: 
Questions concerning the DEIS should 
be addressed to Ms. Angel Jackson, 
Telephone: 1–202–366–0154, Fuel 
Economy Division, Office of 
International Vehicle, Fuel Economy 
and Consumer Standards, National 
Highway Traffic Safety Administration, 
1200 New Jersey Avenue, SE., 
Washington, DC 20590. E-mail: 
nhtsa.nepa@dot.gov. Information about 
the HD vehicle rulemaking and the 
NEPA process is also available at 
http://www.nhtsa.gov/fuel-economy. 
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1 See National Environmental Policy Act (NEPA), 
42 U.S.C. Sec. 4321–4347, and implementing 
regulations issued by the Council on Environmental 
Quality (CEQ), 40 CFR Parts 1500–1508, and 
NHTSA, 49 CFR Part 520. 

2 Public Law No. 110–140, 121 Stat. 1492 (Dec. 
19, 2007) (codified at 49 U.S.C. 32901). 

3 See The White House, Office of the Press 
Secretary, Presidential Memorandum Regarding 
Fuel Efficiency Standards (May 21, 2010), available 
at http://www.whitehouse.gov/the-press-office/ 
presidential-memorandum-regarding-fuel- 
efficiency-standards (last accessed Nov. 1, 2010); 
see also The White House, Office of the Press 
Secretary, President Obama Directs Administration 
to Create First-Ever National Efficiency and 
Emissions Standards for Medium- and Heavy-Duty 
Trucks (May 21, 2010), available at http:// 
www.whitehouse.gov/the-press-office/president-
obama-directs-administration-create-first-ever-
national-efficiency-and-em (last accessed Nov. 1, 
2010). 

4 The ‘‘No Action’’ Alternative assumes that 
NHTSA would not issue a rule regarding a HD Fuel 
Efficiency Improvement Program, and is considered 
to comply with NEPA and to provide an analytical 
baseline against which to compare environmental 
impacts of the other regulatory alternatives. See 40 
CFR 1502.2(e), 1502.14(d). NEPA requires agencies 
to consider a ‘‘no action’’ alternative in their NEPA 
analyses and to compare the effects of not taking 
action with the effects of the reasonable action 
alternatives to demonstrate the different 
environmental effects of the action alternatives. 

5 49 CFR 553.21. 

ADDRESSES: You may submit comments 
to the docket number identified in the 
heading of this document by any of the 
following methods: 

• Online: Go to http:// 
www.regulations.gov. Follow the 
instructions for submitting comments 
on the electronic docket Web site by 
clicking on ‘‘Help’’ or ‘‘FAQs.’’ 

• Mail: Docket Management Facility, 
M–30, U.S. Department of 
Transportation, West Building, Ground 
Floor, Room W12–140, 1200 New Jersey 
Avenue, SE., Washington, DC 20590. 

• Hand Delivery or Courier: U.S. 
Department of Transportation, West 
Building, Ground Floor, Room W12– 
140, 1200 New Jersey Avenue, SE., 
Washington, DC, between 9 a.m. and 
5 p.m. Eastern time, Monday through 
Friday, except Federal holidays. 

• Fax: 202–493–2251. 
Instructions: All submissions must 

include the agency name and docket 
number. Note that all comments 
received will be posted without change 
to http://www.regulations.gov, including 
any personal information provided. 
Please see the Privacy Act discussion 
below. We will consider all comments 
received before the close of business on 
the comment closing date indicated 
above. To the extent possible, we will 
also consider comments filed after the 
closing date. 

Docket: For access to the docket to 
read background documents or 
comments received, go to http:// 
www.regulations.gov at any time or to 
1200 New Jersey Avenue, SE., West 
Building Ground Floor, Room W12–140, 
Washington, DC 20590, between 9 a.m. 
and 5 p.m., Monday through Friday, 
except Federal holidays. Telephone: 
(202) 366–9826. 

Privacy Act: Anyone is able to search 
the electronic form of all comments 
received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an association, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
Statement in the Federal Register 
published on April 11, 2000 (65 FR 
19477–78) or you may visit http:// 
www.dot.gov/privacy.html. 

Confidential Business Information: If 
you wish to submit any information 
under a claim of confidentiality, you 
should submit three copies of your 
complete submission, including the 
information you claim to be confidential 
business information, to the Chief 
Counsel, NHTSA, at the address given 
under FOR FURTHER INFORMATION 
CONTACT. In addition, you should 
submit two copies, from which you 
have deleted the claimed confidential 

business information, to the Docket 
Management Facility at the address 
given above. When you send a comment 
containing information claimed to be 
confidential business information, you 
should include a cover letter setting 
forth the information specified in our 
confidential business information 
regulation (49 CFR Part 512). 
SUPPLEMENTARY INFORMATION: NHTSA 
has prepared a DEIS to disclose and 
analyze the potential environmental 
impacts of the agency’s newly proposed 
Fuel Efficiency Improvement Program 
for HD vehicles.1 Concurrent with the 
DEIS, NHTSA and the U.S. 
Environmental Protection Agency (EPA) 
announced a joint proposed rulemaking 
that would reduce greenhouse gas 
(GHG) emissions from and increase the 
fuel efficiency of HD vehicles. The joint 
proposed rules will be published in the 
near future in the Federal Register. 
NHTSA is proposing fuel consumption 
standards under the Energy 
Independence and Security Act of 2007 
(EISA),2 and EPA is proposing GHG 
emissions standards under the Clean Air 
Act. These proposed standards would 
be tailored to each of three regulatory 
categories of HD vehicles: Combination 
Tractors; Pick-up Trucks and Vans; and 
Vocational Vehicles, as well as gasoline 
and diesel HD vehicle engines. EPA’s 
proposed GHG emissions standards 
would begin with model year (MY) 
2014. NHTSA’s proposed fuel 
consumption standards would be 
optional in MYs 2014 and 2015, 
becoming mandatory beginning in MY 
2016 for most regulatory categories. The 
joint proposed rulemaking is consistent 
with President Obama’s May 21, 2010 
directive to improve the fuel efficiency 
of and reduce GHG pollution from HD 
vehicles through coordinated Federal 
standards.3 EPA and the Federal Motor 
Carrier Safety Administration (FMCSA) 
served as cooperating agencies in the 
preparation of the DEIS. EPA has special 

expertise in the areas of climate change 
and air quality and FMCSA has special 
expertise in HD vehicles. 

To inform decisionmakers and the 
public, the DEIS analyzes the potential 
environmental impacts of the proposed 
standards and alternative standards for 
MYs 2014–2018, including a ‘‘No 
Action’’ Alternative, pursuant to NEPA 
regulations.4 The DEIS analyzes direct, 
indirect, and cumulative impacts in 
proportion to their significance. It 
provides a detailed analysis of potential 
impacts on energy resources, air quality, 
and climate. The DEIS uses climate 
modeling and estimated fuel savings to 
provide quantitative estimates of 
potential impacts on air quality, CO2 
emissions, global mean surface 
temperature, precipitation, and sea level 
rise. The DEIS provides a qualitative 
analysis of resources that may be 
impacted by changes in climate, such as 
freshwater resources, terrestrial 
ecosystems, coastal ecosystems, land 
use, human health, and environmental 
justice. It examines impacts on the U.S. 
and on a global scale. In addition, the 
DEIS analyzes potential environmental 
impacts unrelated to climate change. 

How can I get a copy of the DEIS? 
The DEIS is available on NHTSA’s 

Web site at http://www.nhtsa.gov/fuel- 
economy and in the agency’s docket 
identified by the docket number at the 
beginning of this notice. To request a CD 
containing the DEIS and its Appendices, 
please contact Ms. Angel Jackson using 
the contact information in the FOR 
FURTHER INFORMATION CONTACT section 
above. 

How do I comment on the DEIS? 
NHTSA invites the submission of 

written comments on the DEIS which 
the agency will consider in preparing 
the final NEPA documents to support 
the new Fuel Efficiency Improvement 
Program. Your comments must be 
written and in English. To ensure that 
your comments are correctly filed in the 
Docket, please include the docket 
number at the beginning of this notice 
in your comments. 

Your primary comments cannot 
exceed 15 pages.5 However, you may 
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6 See 75 FR 67059 (Nov. 1, 2010). 7 See 49 CFR 553.23. 

attach additional documents to your 
primary comments. There is no limit to 
the length of the attachments. 

Anyone is able to search the 
electronic form of all comments 
received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an association, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
Statement in the Federal Register at 65 
FR 19477, April 11, 2000, or you may 
visit http://www.regulations.gov. 

If you wish Docket Management to 
notify you upon its receipt of your 
comments, enclose a self-addressed, 
stamped postcard in the envelope 
containing your comments. Upon 
receiving your comments, Docket 
Management will return the postcard by 
mail. 

As NHTSA and EPA recently 
announced in the Federal Register,6 the 
agencies are holding two public 
hearings on the proposed fuel 
consumption standards. At these 

hearings, NHTSA will also accept 
comments to the DEIS. 

How do I submit confidential business 
information? 

If you wish to submit any information 
under a claim of confidentiality, send 
three copies of your complete 
submission, including the information 
you claim to be confidential business 
information, to the Chief Counsel, 
National Highway Traffic Safety 
Administration, 1200 New Jersey 
Avenue, SE., Washington, DC 20590. 
Include a cover letter supplying the 
information specified in our 
confidential business information 
regulation (49 CFR Part 512). 

In addition, send two copies from 
which you have deleted the claimed 
confidential business information to 
Docket Management, 1200 New Jersey 
Avenue, SE., West Building, Room 
W12–140, Washington, DC 20590, or 
submit them electronically, in the 
manner described at the beginning of 
this notice. 

Will the agency consider late 
comments? 

NHTSA will consider all comments 
that Docket Management receives before 
the close of business on the comment 
closing date indicated above under 
DATES. To the extent the NEPA and 
rulemaking schedules allow, NHTSA 
will try to consider comments that 
Docket Management receives after that 
date, but we cannot ensure that we will 
be able to do so.7 

Please note that even after the 
comment closing date, we will continue 
to file relevant information in the docket 
as it becomes available. Further, some 
commenters may submit late comments. 
Accordingly, we recommend that you 
periodically check the docket for new 
material. 

Issued on: November 1, 2010. 
Joseph S. Carra 
Acting Associate Administrator for 
Rulemaking. 
[FR Doc. 2010–27930 Filed 11–4–10; 8:45 am] 
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C.1 Comparing Underlying Assumptions in MOVES with 
the Climate Scenarios in Chapter 3 
Many of the economic assumptions used in the Mobile Vehicle Emissions Simulator (MOVES) 

model (such as fuel price, vehicle-miles traveled [VMT], and U.S. gross domestic product [GDP]) are 
based on the Energy Information Administration’s (EIA) Annual Energy Outlook (AEO) 2011 (EIA 
2011) and International Energy Outlook (IEO) 2010 (EIA 2010).  These publications forecast U.S. and 
global energy supply and demand to 2035.  Figures C-1 to C-5 show how the EIA forecasts of global and 
U.S. GDP and carbon dioxide (CO2) emissions from primary energy use compare against the assumptions 
used to develop the Global Change Assessment Model (GCAM) reference scenario.1  Both forecasts 
presented here are for reference scenarios.  The GDP growth assumptions for the IEO reference scenario 
are slightly higher than those used in the GCAM scenarios by about 0.1 percent annually for the world 
and 0.3 percent annually for the United States (see Figure C-1). 

Despite the IEO assumption of higher economic growth, the growth in primary energy use is 
similar for IEO and GCAM with the total primary energy use in GCAM slightly higher than that of the 
IEO, as shown in Figure C-2.  Much of the difference in energy use in the IEO forecast is due to 
assumptions of higher coal use, which results in higher CO2 emissions, as shown in Figure C-3 for the 
world and in Figure C-4 for the United States.  Additionally, the IEO reference scenario estimates have a 
lower share of “other” fuels, which include biomass and renewable fuels, which is likely due to different 
treatments of non-commercial fuels in the two sets of forecasts.2 

 

                                                 
1 The IEO 2010 uses energy supply and consumption from the AEO 2010 for the United States.  The numbers from 
the GCAM scenario nuclear primary energy forecast were adjusted to account for differences in reporting primary 
energy use for nuclear energy and non-biomass renewable energy. 
2 For AEO reference scenario, “other” includes biomass, hydropower, and other renewable fuels. 
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Figure C-1.  Average GDP Growth Rates (2005–2035) 

 
 

 

Figure C-2. World Primary Energy Use Forecast  
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Figure C-3.  Global CO2 Emissions from Fossil Fuel Use 

 

 

 

Figure C-4.  U.S. CO2 Emissions from Fossil Fuel Use  

 
The primary energy use projections for the United States show a different trend than the global 

numbers.  The AEO 2011 (EIA 2011) projection shows an increase in total primary energy use in the 
United States, but much of the increase is from the use of coal and liquid fuels.  The GCAMReference 
scenario has a lower energy use and greater growth in the use of natural gas (see Figure C-5) but some of 
these differences could be due in part to EIA’s use of higher heating value (HHV) to report energy use 
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and GCAM’s reporting of lower heating value (LHV).3  The two cases result in similar CO2 emissions 
(see Figure C-3 and C-4). 

Figure C-5.  U.S. Primary Energy Use Forecast 
  

 
Where information in the analysis included in this environmental impact statement (EIS) is 

incomplete or unavailable, NHTSA has relied on the Council on Environmental Quality (CEQ) 
regulations regarding incomplete or unavailable information (see 40 CFR § 1502.22(b)).  In this case, 
despite the inconsistencies between the GCAM assumptions on global trends across all GHG-emitting 
sectors (and the drivers that affect them) and the particularities of the emissions estimates for the U.S. 
transportation sector provided by the MOVES model and the Greenhouse Gases, Regulated Emissions, 
and Energy Use in Transportation (GREET) model, the approach used is valid for this analysis.  These 
inconsistencies affect all alternatives equally; therefore, they do not hinder a comparison of the 
alternatives in terms of their relative effects on climate. 

The approaches focus on marginal changes in emissions that affect climate.  As stated in Section 
3.4.4.1 of this EIS, compared to cumulative global emissions of 5,204,115 MMTCO2 over this period 
(projected by the GCAMReference scenario) this rulemaking for HD vehicles is expected to reduce global 
CO2 emissions by about 0.1 to 0.2 percent from their projected levels under the No Action Alternative.  
Given this level of change with respect to the global reference case, the approaches result in a reasonable 
characterization of climate change for a given set of emissions reductions, regardless of the underlying 
details associated with those emissions reductions.   

The climate sensitivity analysis conducted for this EIS provides a basis for determining climate 
responses to varying climate sensitivities under the No Action Alternative and the Preferred Alternative 
(Alternative 3).  Section 3.4.3.3.3 discusses the methodology for the sensitivity analysis.  Although the 
Model for Assessment of Greenhouse Gas-induced Climate Change (MAGICC) does not simulate abrupt 
climate change processes, some responses of the climate system represented in MAGICC are slightly 
                                                 
3 EIA typically uses gross heat content values, also known as higher or upper heating value. 
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nonlinear, primarily due to carbon cycle feedbacks and the logarithmic response of equilibrium 
temperature to CO2 concentration.  Therefore, by using a range of emissions cases and climate 
sensitivities, the effects of the alternatives in relation to different scenarios and sensitivities can be 
estimated. 

  



Appendix C Technical Support Document 
 

 C-7 

C.2 Comparing Underlying Assumptions in MOVES with 
the Climate Scenarios in Chapter 4 
Many of the economic assumptions used in the MOVES model (such as fuel price, VMT, U.S. 

GDP) are based on the EIA AEO 2011 (EIA 2011) and IEO 2010 (EIA 2010), which forecast energy 
supply and demand in the United States and globally to 2035.  Figures C-6 through C-10 show how the 
EIA forecasts of global and U.S. GDP and CO2 emissions from primary energy use compare against the 
assumptions used to develop the GCAM scenarios.4  The IEO forecast is for a reference case, while the 
GCAM forecasts are for a reference case and two climate policy cases.  

The GCAMReference emissions scenario assumes that no climate policy would be implemented 
beyond the current set of international emission reduction policies in place (with an associated  
atmospheric CO2 concentration of 785ppm in 2100), whereas the GCAM6.0 and RCP4.5 scenarios 
correspond to total radiative forcing stabilization by 2100 and associated CO2 concentrations at roughly 
678 ppm and 522 ppm, respectively, after accounting for the contributions to radiative forcing from the 
non-CO2 GHGs. 

The GDP growth assumptions for the IEO reference scenario are slightly higher than those used 
in the GCAM scenario, by about 0.1 percent annually for the world and 0.3 percent annually for the 
United States (see Figure C-6). 

Despite this IEO assumption of higher economic growth, the growth in primary energy use is 
similar for IEO and GCAM, with the primary energy use in GCAM slightly higher than that of the IEO, 
as shown in Figure C-7.  Much of the difference in energy use in the IEO forecast is due to assumptions 
of higher global coal consumption that result in higher CO2 emissions, as shown in Figure C-8.  
Additionally, the IEO reference scenario estimates have a particularly low share of “other” fuels, which 
includes biomass and renewable fuels, which is likely due to different treatments of non-commercial fuels 
in the two sets of forecasts. 

The primary energy use projections for the United States show a different trend than the global 
numbers, as is shown in Figure C-9.  The AEO 2011 (EIA 2011) projection shows an increase in total 
primary energy use in the United States, but much of the increase is from the use of coal and liquid fuels.  
The GCAMReference scenario has a lower energy use and greater growth in the use of natural gas (see 
Figure C-10), but some of these differences may be due in part to EIA’s use of HHV to report energy use 
and GCAM’s reporting of LHV.5  The two cases result in similar CO2 emissions  (see Figures C-8 and C-
9).  

Both approaches focus on the marginal climate effects of marginal changes in emissions.  Thus, 
they generate a reasonable characterization of climate changes for a given set of emissions reductions, 
regardless of the underlying details associated with those emissions reductions.  The discussion in Section 
4.4.4 of this EIS characterizes projected climate change under the No Action Alternative and the changes 
associated with each action alternative.  

                                                 
4 See Footnote 1.   
5 See Footnote 4 
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Figure C-6.  Average GDP Growth Rates (2005 to 2035) a/ 

a/ GDP growth rates were not available for the United States under GCAM6.0 and RCP4.5 scenarios 
 

 

Figure C-7.  World Primary Energy Use Forecast 
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Figure C-8.  Global Annual CO2 Emissions from Fossil Fuel Use 

 

 

Figure C-9.  U.S. Annual CO2 Emissions from Fossil Fuel Use  

 

Figure C-10.  U.S. Primary Energy Use Forecast 
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Air Quality Modeling Data 
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Appendix D - Air Quality Modeling Data
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Appendix D - Air Quality Modeling Data
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Appendix D - Air Quailty Modeling Data
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Appendix D - Air Quality Modeling Data

D-870
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Appendix D - Air Quailty Modeling Data

D-871
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Executive Summary
The Environmental Protection Agency (EPA) and the National Highway Traffic Safety 

Administration (NHTSA), on behalf of the Department of Transportation, are each proposing 
rules to establish a comprehensive Heavy-Duty National Program that would reduce greenhouse 
gas emissions and increase fuel efficiency for on-road heavy-duty vehicles, responding to the 
President’s directive on May 21, 2010, to take coordinated steps to produce a new generation of 
clean vehicles.  NHTSA’s proposed fuel consumption standards and EPA’s proposed carbon 
dioxide (CO2) emissions standards would be tailored to each of three regulatory categories of 
heavy-duty vehicles:  (1) Combination Tractors; (2) Heavy-duty Pickup Trucks and Vans; and 
(3) Vocational Vehicles, as well as gasoline and diesel heavy-duty engines.  EPA’s proposed
hydrofluorocarbon emissions standards would apply to air conditioning systems in tractors, 
pickup trucks, and vans, and EPA’s proposed nitrous oxide (N2O) and methane (CH4

Table 1 presents the rule-related benefits, costs and net benefits in both present value 
terms and in annualized terms.  In both cases, the discounted values are based on an underlying 
time varying stream of cost and benefit values that extend into the future (2012 through 2050).  
The distribution of each monetized economic impact over time can be viewed in the RIA 
Chapters that follow this summary.   

) emissions 
standards would apply to all heavy-duty engines, pickup trucks, and vans.   

Present values represent the total amount that a stream of monetized costs/benefits/net 
benefits that occur over time are worth now (in year 2008 dollar terms for this analysis), 
accounting for the time value of money by discounting future values using either a 3 or 7 percent 
discount rate, per OMB Circular A-4 guidance.  An annualized value takes the present value and 
converts it into a constant stream of annual values through a given time period (2012 through 
2050 in this analysis) and thus averages (in present value terms) the annual values.  The present 
value of the constant stream of annualized values equals the present value of the underlying time 
varying stream of values.  Comparing annualized costs to annualized benefits is equivalent to 
comparing the present values of costs and benefits, except that annualized values are on a per-
year basis. 

It is important to note that annualized values cannot simply be summed over time to 
reflect total costs/benefits/net benefits; they must be discounted and summed.  Additionally, the 
annualized value can vary substantially from the time varying stream of cost/benefit/net benefit 
values that occur in any given year (e.g., the stream of costs represented by $0.34B and $0.58B 
in Table 1 below average $1.5B from 2014 through 2018 and are zero from 2019-2050).   

Table 1 Estimated Lifetime and Annualized Discounted Costs, Benefits, and Net Benefits for 2014-2018 
Model Year HD Vehicles assuming the $22/ton SCC Valuea,b

LIFETIME PRESENT VALUE

 (billions 2008 dollars)

C,D

Costs
– 3% DISCOUNT RATE

$7.7
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Benefits $49

Net Benefits $41

Annualized valuec,e

Costs
– 3% Discount Rate

$0.34

Benefits $2.1

Net Benefits $1.8

Lifetime Present valuec,d

Costs 

- 7% Discount Rate

$7.7

Benefits $34

Net Benefits $27

Annualized valuec,e

Costs 
– 7% Discount Rate

$0.58

Benefits $2.6

Net Benefits $2.0

Notes:
a Although the agencies estimated the benefits associated with four different values of a one ton 
CO2 reduction (SCC: $5, $22, $36, $66), for the purposes of this overview presentation of 
estimated costs and benefits we are showing the benefits associated with the marginal value 
deemed to be central by the interagency working group on this topic:  $22 per ton of CO2, in 2008 
dollars and 2010 emissions and fuel consumption.  As noted in Section VIII.G, SCC increases 
over time.
b Note that net present value of reduced GHG emissions is calculated differently than other 
benefits.  The same discount rate used to discount the value of damages from future emissions 
(SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal 
consistency.  Refer to Section VIII.G for more detail.
c Discounted values presented in this table are based on an underlying series of cost and benefit 
values that extend into the future (2012 through 2050).  The distribution of each monetized 
economic impact over time can be viewed in the RIA that accompanies this preamble.
d Present value is the total, aggregated amount that a series of monetized costs or benefits that 
occur over time is worth now (in year 2008 dollar terms), discounting future values to the present.
e 

This Regulatory Impact Analysis (RIA) provides detailed supporting documentation to 
the EPA and NHTSA joint proposal under each of their respective statutory authorities. Because 
there are slightly different requirements and flexibilities in the two authorizing statutes, this RIA 

The annualized value is the constant annual value through a given time period (2012 through 
2050 in this analysis) whose summed present value equals the present value from which it was 
derived. 
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provides documentation for the primary joint proposed provisions as well as for provisions 
specific to each agency.   

The agencies request comment on the methods and assumptions used to estimate costs, 
benefits, and technology cost-effectiveness for the main proposal and all of the alternatives.  The 
agencies also seek comment on whether finalizing a different alternative stringency level for 
certain regulatory categories would be appropriate given agency estimates of costs and benefits.

This RIA is generally organized to provide overall background information, 
methodologies, and data inputs, followed by results of the various technical and economic 
analyses.  A summary of each chapter of the RIA follows.

Chapter 1:  Industry Characterization.  In order to assess the impacts of greenhouse gas 
(GHG) and fuel efficiency regulations upon the affected industries, it is important to understand 
the nature of the industries impacted by the regulations.  The heavy-duty vehicle industries 
include the manufacturers of Class 2b through Class 8 trucks, engines, and some equipment.  
This chapter provides market information for each of these affected industries, as well as the 
variety of ownership patters, for background purposes.  Vehicles in these classes range from over 
8,500 pounds (lbs) gross vehicle weight rating (GVWR) to upwards of 80,000 lbs and can be 
used in applications ranging from ambulances to vehicles that transport the fuel that powers 
them. The heavy-duty segment is very diverse both in terms of its type of vehicles and vehicle 
usage patterns.  Unlike the light-duty segment whose primary mission tends to be transporting 
passengers for personal travel, the heavy duty segment has many different missions.  Some 
pickup trucks may be used for personal transportation to and from work with an average annual 
mileage of 15,000 miles.  Class 7 and 8 combination tractors are primarily used for freight 
transportation, can carry up to 50,000 pounds of payload, and can travel more than 150,000 miles 
per year.   

Chapter 2: Technology Packages, Cost and Effectiveness.  This chapter presents 
details of the vehicle and engine technology packages for reducing greenhouse gas emissions and 
fuel consumption.  These packages represent potential ways that the industry could meet the 
proposed CO2

Chapter 3: Test Procedures.  Laboratory procedures to physically test engines, vehicles,
and components are a crucial aspect of the proposed heavy-duty vehicle GHG and fuel 
consumption program.  The proposed rulemaking would establish several new test procedures 
for both engine and vehicle compliance.  This chapter describes the development process for the 
test procedures being proposed, including methodologies for assessing engine emission 
performance, the effects of aerodynamics and tire rolling resistance, as well as procedures for 
chassis dynamometer testing and their associated drive cycles.

 and fuel consumption stringency levels, and they provide the basis for the 
technology costs and effectiveness analyses.

Chapter 4: Vehicle Simulation Model. An important aspect of a regulatory program is 
its ability to accurately estimate the potential environmental benefits of heavy-duty truck 
technologies through testing and analysis.  Most large truck manufacturers employ various 
computer simulation methods to estimate truck efficiency.  Each method has advantages and 
disadvantages.  This section will focus on the use of a type truck simulation modeling that the 
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agencies have developed specifically for assessing tailpipe GHG emissions and fuel consumption 
for purposes of this rulemaking.  The agencies are proposing to use this newly-developed 
simulation model -- the “Greenhouse gas Emissions Model (GEM)” -- as the primary tool to 
certify vocational and combination tractor heavy-duty vehicles (Class 2b through Class 8 heavy-
duty vehicles that are not heavy-duty pickups or vans) and discuss the model in this chapter.   

Chapter 5: Emissions Impacts. This proposal estimates anticipated impacts from the 
proposed CO2 emission and fuel efficiency standards.  The agencies quantify emissions from the 
GHGs carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and hydrofluorocarbons 
(HFCs).  In addition to reducing the emissions of greenhouse gases and fuel consumption, this 
proposal would also influence the emissions of “criteria” air pollutants, including carbon 
monoxide (CO), fine particulate matter (PM2.5) and sulfur dioxide (SOX) and the ozone 
precursors hydrocarbons (VOC) and oxides of nitrogen (NOX

The agencies used EPA’s Motor Vehicle Emission Simulator (MOVES2010) to estimate 
downstream (tailpipe) emission impacts, and a spreadsheet model based on emission factors the 
“GREET” model to estimate upstream (fuel production and distribution) emission changes 
resulting from the decreased fuel. Based on these analyses, the agencies estimate that this 
proposal would lead to 72 million metric tons (MMT) of CO

); and several air toxics (including 
benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and acrolein), as described further in 
Chapter 5. 

2 equivalent (CO2

Chapter 6:   Results of Proposed and Alternative Standards.  The heavy-duty truck 
segment is very complex. The sector consists of a diverse group of impacted parties, including 
engine manufacturers, chassis manufacturers, truck manufacturers, trailer manufacturers, truck 
fleet owners and the public.  The agencies have largely designed this proposal to maximize the 
environmental and fuel savings benefits of the program, taking into account the unique and 
varied nature of the regulated industries.  In developing this proposal, we considered a number of 
alternatives that could have resulted in fewer or potentially greater GHG and fuel consumption 
reductions than the program we are proposing.  Chapter 6 section summarizes the alternatives we 
considered.   

EQ) of annual 
GHG reduction and 5.8 billion gallons of fuel savings in the year 2030, as discussed in more 
detail in Chapter 5. 

Chapter 7:   Truck Costs and Costs per Ton of GHG.  In this chapter, the agencies 
present our estimate of the costs associated with the proposed program.  The presentation 
summarizes the costs associated with new technology expected to be added to meet the proposed 
GHG and fuel consumption standards, including hardware costs to comply with the air 
conditioning (A/C) leakage program.  The analysis discussed in Chapter 7 provides our best 
estimates of incremental costs on a per truck basis and on an annual total basis.   

Chapter 8:  Environmental and Health Impacts.  This chapter discusses the health effects 
associated with non-GHG pollutants, specifically: particulate matter, ozone, nitrogen oxides 
(NOX), sulfur oxides (SOX), carbon monoxide and air toxics. These pollutants would not be 
directly regulated by the standards, but the standards would affect emissions of these pollutants 
and precursors.  Reductions in these pollutants would be co-benefits of the final rulemaking (that 
is, benefits in addition to the benefits of reduced GHGs). 
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Chapter 9: Economic and Social Impacts. This chapter provides a description of the 
net benefits of the proposed HD National Program.  To reach these conclusions, the chapter 
discusses each of the following aspects of the analyses of benefits:

Rebound Effect: The VMT rebound effect refers to the fraction of fuel savings expected 
to result from an increase in fuel efficiency that is offset by additional vehicle use.   

Energy Security Impacts:  A reduction of U.S. petroleum imports reduces both financial 
and strategic risks associated with a potential disruption in supply or a spike in cost of a 
particular energy source.   This reduction in risk is a measure of improved U.S. energy security.   

Other Impacts: There are other impacts associated with the proposed GHG emissions 
and fuel efficiency standards.  Lower fuel consumption would, presumably, result in fewer trips 
to the filling station to refuel and, thus, time saved.  The increase in vehicle-miles driven due to a 
positive rebound effect may also increase the societal costs associated with traffic congestion, 
motor vehicle crashes, and noise. The agencies also discuss the impacts of safety standards and 
voluntary safety improvements on vehicle weight. 

Chapter 9 also presents a summary of the total costs, total benefits, and net benefits 
expected under the proposal.   

Chapter 10: Small Business Flexibility Analysis.  This chapter describes the agencies’
analysis of the small business impacts due to the joint proposal.   
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Chapter 1: Industry Characterization
1.1 Introduction

1.1.1 Overview

 In order to assess the impacts of greenhouse gas (GHG) regulations upon the affected 
industries, it is important to understand the nature of the industries impacted by the 
regulations.  These industries include the manufacturers of Class 2b through Class 8 trucks, 
engines, and some equipment.  This chapter provides market information for each of these 
affected industries for background purposes.  Vehicles in these classes range from over 8,500 
pounds (lbs) gross vehicle weight rating (GVWR) to upwards of 80,000 lbs and can be used in 
applications ranging from ambulances to vehicles that transport the fuel that powers them. 
Figure 1-1 shows the difference in vehicle classes in terms of GVWR and the different 
applications found in these classes.   

Figure 1-1 Description and Weight Ratings of Vehicle Classes

Source: Commercial Carrier Journal http://www.ccjmagazine.com
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Heavy-duty trucks in this rulemaking are defined as on-highway vehicles with a 
GVWR greater than 8,500 lbs and are not defined as Medium-Duty Passenger Vehicles
(MDPV). The EPA and NHTSA jointly developed the Light-Duty Vehicle Greenhouse Gas 
Emissions Standards and Corporate Average Fuel Economy Standards; Final Rule 75 FR 
25323 (May 7, 2010) which sets standards for Light Duty Vehicles, Light-Duty Trucks, and 
Medium-Duty Passenger Vehicles (EPA-420-F-10-014).  Light-duty trucks are vehicles with 
GVWR less than 8,500 lbs.  MDPV are vehicles with GVWR less than 10,000 pounds which 
meet the criteria outlined in 40 C.F.R. §86.1803-01.  This grouping typically includes large 
sport utility vehicles, small trucks, and mini-vans.   

The heavy-duty segment is very diverse both in terms of its type of vehicles and 
vehicle usage patterns.  Unlike the light-duty segment whose primary mission tends to be 
transporting passengers for personal travel, the heavy duty segment has many different 
missions.  Some pickup trucks may be used for personal transportation to and from work with 
an average annual mileage of 15,000 miles.  Class 7 and 8 combination tractors are primarily 
used for freight transportation, can carry up to 50,000 pounds of payload, and can travel more 
than 150,000 miles per year.   For the purposes of this report, heavy-duty segment has been 
separated as follows: Class 2b and 3 pickup trucks and vans (also referred to as HD pickup 
trucks and vans), Class 2b through 8 vocational vehicles, Class 7 and 8 combination tractors, 
trailers, and transit buses. 

1.1.2 Freight Moved by Heavy-Duty Trucks

In 2008, heavy-duty trucks carried more freight in terms of tonnage and value in the 
U.S. than all other modes of freight transportation combined, and are expected to move freight 
at an even greater rate in the future.1  According to the U.S. Department of Transportation 
(DOT), the U.S. transportation system moved, on average an estimated 59 million tons of 
goods worth an estimated $55 billion (in U.S. $2008) per day in 2008, or over 21 billion tons 
of freight worth more than $20 trillion in the year 2008.2  Of this, trucks moved over 13 
billion tons of freight worth an estimated $13 trillion in 2008, or an average of nearly 36 
million tons of freight worth $37 billion a day.  The DOT’s Freight Analysis Framework 
estimates that this tonnage will increase nearly 73 percent by 2035, and that the value of the 
freight moved is increasing faster than the tons transported.  Figure 1-2 shows the total tons of 
freight moved by each mode of freight transportation in 2002, 2008 and projections for 2035. 
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Figure 1-2 Total Weight of Shipments by Transportation Mode (millions of tons)

1.1.3 Greenhouse Gas Emissions from Heavy-Duty Vehicles

The importance of this proposed rulemaking is highlighted by the fact that heavy-duty 
trucks are the largest source of GHG emissions in the transportation sector after light-duty 
vehicles. This sector represents approximately 22 percent of all transportation related GHG 
emissions as shown in Figure 1-3.  Heavy-duty trucks are also a fast growing source of GHG 
emissions; total GHG emissions from this sector increased over 72 percent from 1990-2008 
while GHG emissions from passenger cars grew approximately 20 percent over the same 
period.3 Available technologies developed through EPA’s SmartWay program and through 
DOE’s 21st Century Truck Partnership can achieve reductions from 10-20 percent and are 
applicable to the majority of heavy-duty vehicles; examples of these technologies include 
aerodynamic bumpers, mirrors, and fairings.4

Source:  U.S. DOT, Federal Highway Administration, “Freight Facts and Figures 

Notes: [a] Intermodal includes U.S. Postal Service and courier shipments and all intermodal combinations, 
except air and truck.  Intermodal also includes oceangoing exports and imports that move between ports and 
interior domestic locations by modes other than water.
[b] Pipeline also includes unknown shipments as data on region-to-region flows by pipeline are statistically 
uncertain.
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Figure 1-3 Transportation Related Greenhouse Gas Emissions (Tg CO2 Eq.) in 2008

1.1.4 Fuel Economy of Heavy-Duty Vehicles

While there is a corporate average fuel economy (CAFE) program for light-duty 
trucks and vehicles, the nature of the commercial truck market can present complications to 
such a structure in particular due to the production process, diversity of products, and usage 
patterns. 5 For example, in the light-duty market a manufacturer builds a complete vehicle 
and therefore, is responsible to certify that vehicle.  In the heavy-duty truck market, there may 
be separate: chassis, engine, body and equipment manufacturers that contribute to the build 
process of a single truck; in addition, there are no companies that produce trucks and trailers 
and a given tractor may pull hundreds of different trailer types over the course of its life.  
Further, fuel economy is highly dependent on the configuration of a truck, for example: the 
type of body or box, engine, axle/gear ratios, cab, or other equipment installed on the vehicle;
whether or not a truck carries cargo or has a specialized function (e.g. a bucket truck).  Due to 
the varying needs of the industry, many of these trucks are custom built resulting in literally 
thousands of different truck configuration.  Finally, usage patterns and duty cycles also 
greatly affect fuel economy, for example how trucks are loaded (cubed or weighed out) and 
how they are driven (delivery trucks travel at lower speeds and make frequent stops compared 
to a line-haul combination tractor).  The potential to reduce fuel consumption, therefore, is 
also highly dependent on the truck configuration and usage. 

Source:  U.S. EPA, Inventory of Greenhouse Gas Emissions and Sinks: 1990-2008, published April, 2010
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The agencies recognize that while historic fuel economy and GHG emissions on a 
mile per gallon basis from heavy-duty trucks has been largely flat for more than 30 years, we 
cannot conclude with certainty that future improvements absent regulation would not occur.A

Programs like EPA’s SmartWay program are not only helping the industry improve logistics 
and operations, but are also helping to encourage greater use of truck efficiency technologies.  
Looking at the total fuel consumed, total miles traveled, and total tons shipped in the U.S. or 
the average payload specific fuel consumption for the entire heavy-duty fleet from 1975 
through 2005, the amount of fuel required to move a given amount of freight a given distance 
has been reduced by more than half as a result of improvements in technology, as shown in 
Figure 1-4.

Figure 1-4 U.S. Average Payload-Specific Fuel Consumption of the Heavy-Duty Fleet

5

Currently, manufacturers of vehicles with a GVW of over 8,500 pounds are not 
required to test and report fuel economy values, however, fuel economy ranges as of 2007 by 
vehicle class are presented in a study completed by the National Academy of Sciences (NAS), 
the U.S. Department of Transportation (DOT), and the National Highway Traffic Safety 
Administration (NHTSA).  As one would expect, the larger the truck class the lower the fuel 
economy, for example, a typical mile per gallon (mpg) estimate for Class 2b vehicle is 10-15 
mpg where a typical Class 8 combination tractor is estimated to get 4-7.5 mpg, as shown in 
Table 1-1.  

A Over the last 30 years the average annual improvement in fuel economy has been 0.09%.  See U. S. 
Department of Transportation, Federal Highway Administration, Highway Statistics 2008, Washington, DC, 
2009, Table VM1 averaging annual performance for the years from 1979-2008.

(Source: NAS, Technologies and Approaches to Reducing Fuel Consumption of Medium- and Heavy-
Duty Vehicles available here: http://www.nap.edu/openbook.php?record_id=12845&page=R1)
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Table 1-1 Estimated Fuel Economy by Truck Class

CLASS EXAMPLE 
PRODUCTION 

VEHICLE

GVW TYPICAL 
MPG RANGE 

IN 2007

TYPICAL 
TON-
MPG

ANNUAL FUEL 
CONSUMPTION RANGE

(THOUSANDS OF 
GALLONS)

2b Dodge Ram 2500 
Pickup Truck

8,501-10,000 10-15 26 1.5-2.7

3 Chevrolet Silverado 
3500 Pickup Truck

10,001-14,000 8-13 30 2.5-3.8

4 Ford F-450 14,001-16,000 7-12 42 2.9-5.0
5 Kenworth T170 16,001-19,500 6-12 39 3.3-5.0
6 Peterbilt Model 330 19,501-26,000 5-12 49 5.0-7.0
7 Kenworth T370 26,001-33,000 4-8 55 6.0-8.0
8 Combination 
Trucks

International Lone Star 33,001-80,000 4-7.5 155 19 - 27

8 Other Mack Granite GU814 33,001-80,000 2.5-6 115 10 - 13

1.2 Heavy-Duty Truck Categories

This program addresses vehicles that fall into the following four categories: 
HD pickups and vans (typically Class 2b and 3), Vocational vehicles (typically Class 
2b-8), Tractors (typically Class 7 and 8), and Heavy-Duty engines.B  Class 2b and 3 
pickups and vans are used for commercial purposes such as ambulances, shuttle buses, 
etc.  The U.S. Energy Information Administration (EIA) estimates that Class 2b 
vehicles get approximately 14.5 – 15.6 miles per gallon (mpg) in 2010.6 Class 2b-8 
vocational vehicles encompass a wide range of heavy-duty vehicles such as delivery 
trucks, school buses, etc.  Fuel economy estimates for Class 3-6 are 7.8 mpg in 2010.7

Class 8 combinations tractors operate as either short-haul or long-haul trucks.
Combination tractors that operate as short-haul trucks also known as day cabs, are 
tractor trailers that do not have sleeping quarters for the driver and haul trailers only 
short distances, typically into metropolitan areas.  Combination tractors that operate as 
long-haul trucks are those equipped with sleeping quarters for the driver, and tend to 
drive well over 1,000 miles per trip; this category contributed the most GHG
emissions of these four categories at just over 38 percent of the total CO2

Figure 1-5
emissions in 

2005 as shown in . The EIA estimates that in 2010, Class 8 freight hauling 
trucks get slightly over 6 mpg.  

B For purposes of this document,  the term “heavy-duty” or “HD” is used to apply to all highway vehicles and 
engines that are not within the range of light-duty vehicles, light-duty trucks, and medium-duty passenger 
vehicles (MDPV) covered by the GHG and Corporate Average Fuel Economy (CAFE) standards issued for 
model years (MY) 2012-2016.  Unless specified otherwise, the heavy-duty category incorporates all vehicles 
rated at a gross vehicle weight of 8,500 pounds, and the engines that power them, except for MDPVs.
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Figure 1-5 Tons of CO2 Emitted from Heavy-Duty Trucking in 2005

1.2.1 Heavy-Duty Vehicles Sales

Although not first in terms of GHG emissions, Class 2b and 3 pickup trucks and vans 
are first in terms of sales volumes, with sales of over 1.3 million units in 2005, or nearly 66 
percent of the heavy-duty market.  Sales of Class 3-8 vocational vehicles are the second most 
numerous, selling over one-half million units in 2005, or nearly 25 percent of the heavy-duty 
market.  Since 2005, sales of all heavy-duty trucks have decreased as the economy contracted; 
the U.S. EPA’s MOVES model based on proprietary sales projections combined with the U.S. 
Energy Information Administration’s Annual Energy Outlook reflects a slow recovery in 
sales. Figure 1-6 and Figure 1-7 show the sales volumes for 2005 and projected sales for 
2014 respectively, reflecting the market slowdown and recovery, while Table 1-2 shows sales 
projections by market segment for 2014-2018. 

Table 1-2 Sales Projection by Market Segment 2014-2018

SALES 
ESTIMATES

2B/3
PICKUPS/VANS 

VOCATIONAL
VEHICLES

COMBINATION 
SHORT HAUL

COMBINATION 
LONG HAUL

TOTAL

2014 785,000 555,000 50,000 73,000 1,460,000

2015 730,000 573,000 50,000 74,000 1,430,000

2016 713,000 592,000 51,000 75,000 1,430,000

2017 708,000 611,000 52,000 77,000 1,450,000

2018 717,000 630,000 53,000 78,000 1,480,000
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Figure 1-6 2005 Heavy-Duty Truck Sales by Category

Figure 1-7 Projected Truck Sales for 2014 by Category

1.3 Heavy-Duty Truck Segments

1.3.1 Heavy-Duty Pickup Trucks and Vans

Class 2b and 3 pickup trucks and vans rank highest in terms of sales volumes, but 
together make up the third largest sector contributing to the heavy-duty truck GHG emissions 
(Class 2b through Class 8).  There are number of reasons to explain this difference, but 
mainly it is the vehicle usage patterns and engine size.  Class 2b/3 consists of pickup trucks 
and vans with a GVW between 8,500 and 14,000 pounds.  Class 2b/3 truck manufacturers are 
predominately GM, Ford, and Chrysler, with Isuzu, Daimler, Mitsubishi FUSO, and Nissan 
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also offering vehicles in this market segment. Figure 1-8 shows two examples of this 
category, a GM Chevrolet Express G3500 and a Dodge Ram 3500HD. 

Figure 1-8 Examples of Class 2b and 3 Pickup Trucks and Vans

Class 2b/3 vehicles are sold either as complete or incomplete vehicles. For example a 
‘complete vehicle’ can be a chassis cab (engine, chassis, wheels, and cab) or a rolling chassis 
(engine, chassis and wheels), while an ‘incomplete chassis’ could be sold as an engine and 
chassis only - no wheels.  The technologies that can be used to reduce GHG emissions from 
this segment are very similar to the ones used for lighter pickup trucks and vans (Class 2a), 
which are part of the Light Duty GHG program.  These technologies include engine 
improvements such as friction reduction, cylinder deactivation, cam phasing, and gasoline 
direct injection; aerodynamic improvements; low rolling resistance tires; and transmission 
improvements.  The Class 2b/3 gasoline trucks and vans are currently certified with chassis 
dynamometer testing.  The Class 2b/3 diesel trucks have an option to certify using the chassis 
dynamometer test procedure.

1.3.2 Vocational Vehicles

This market segment includes a wide range of heavy-duty vehicles ranging from 8,501
pounds to greater than 33,000 pounds GVW.  In 2005, sales of these vehicles were the second 
most numerous sold in the heavy-duty truck market, with over 500,000 units sold, making up
nearly one-quarter of all heavy-duty truck sales.  The vocational vehicle segment was also 
responsible for emitting 15.3 percent of the GHG emissions in 2005 from the total heavy-duty 
truck market.  A majority of these vehicles are powered by diesel engines; primary examples 
of this truck type include delivery trucks, dump trucks, cement trucks, buses, cranes, etc.  
Figure 1-9 shows two examples of this vehicle category including a United Parcel Service 
(UPS) delivery truck, and a Ford F750 Bucket Truck. 
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Figure 1-9 Examples of Class 3-8 Vocation Truck Applications

Class 2b – 8 vocational vehicles are typically sold as an incomplete chassis with 
multiple “outfitters” for example, an engine manufacturer, a body manufacturer, and an 
equipment manufacturer (e.g. a crane manufacturer).  Manufacturers of vehicles within this 
segment vary widely and shift with class, as Figure 1-10 highlights.  Vocational vehicles
manufacturers include: GM, Ford, Chrysler, Isuzu, Mitsubishi, Volvo, Daimler, International, 
and PACCAR, while engine manufacturers include: Cummins, GM, Navistar, Hino, Isuzu, 
Volvo, Detroit Diesel, and PACCAR.  Manufacturers of vocational vehicle bodies are 
numerous, according to the 2002 Census, there were 759 companies classified under the 
North American Industry Classification System (NAICS) 336211, “Motor Vehicle Body 
Manufacturers,” examples of these companies include: Utilimaster and Heller Truck Body 
Corp.  

 Opportunities for GHG reductions can include both engine and vehicle 
improvements.  Currently, there are a limited number of available Class 2b-8 vocational 
vehicles produced in a hybrid configuration.  International (owned by Navistar) makes the 
DuraStar™ Hybrid and claims that this option offers a 30 to 40 percent fuel economy benefit 
over standard in-city pickup and delivery applications, and offers a more than a 60 percent 
increase in fuel economy in utility-type applications where the vehicle can be shut off while
electric power still operates the vehicle.8

www.seedmagazine.com/images/uploads/upstrwww.versalifteast.com/Rent-Bucket-Trucks.htm
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Figure 1-10 Class 3-8 Vocational Vehicle Manufacturer Shift with Class

Source: ICCT

1.3.3 Tractors

Class 7 and 8 trucks are the largest and most powerful trucks of the heavy duty vehicle 
fleet. These trucks use almost two-thirds of all truck fuel, and are typically categorized into 
two smaller segments – short-haul and long-haul. 9

 Long-haul combination tractors typically travel at least 1,000 miles along a trip route.  
Long-haul operation occurs primarily on highways and accounts for 60 to 70 percent of the 
fuel use in this class.  The remaining 30 to 40 percent of fuel is used by other short-and 
medium-haul regional applications.

  Combination tractors operating as short-
haul trucks are tractor trailers typically used for routes less than 500 miles, and tend to travel 
at lower average speeds than long-haul trucks.  Short-haul combination tractors therefore, do 
not include sleeping accommodations for the driver.  

10

Figure 1-11

  The most common trailer hauled by both short- and 
long-haul combination tractors is a 53-foot dry box van trailer, which accounts for nearly 60 
to 70 percent of heavy-duty Class 8 on-road mileage.  Leading U.S. manufacturers of Class 8
trucks include companies such as International, Freightliner, Peterbilt, PACCAR, Kenworth, 
Mack, Volvo, and Western Star; while common engine manufacturers include companies 
such as Cummins, Navistar, and Detroit Diesel. shows example Class 8 day cab 
and sleeper cab combination tractors.  The price of a new Class 8 vehicle can range from 
$90,000 to well over $110,000 for fully equipped models.11
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Figure 1-11 Example Day Cab and Sleeper Cab Tractors

1.3.4 Buses

Buses generally fall into either Class 6 or Class 7 categories and can come in many 
forms, including: transit buses, large school buses, small school buses, and motorcoaches.  
Typically, most bus manufacturers assemble the entire chassis from systems manufactured by 
a variety of suppliers, while their engines are commonly manufactured by companies such as 
Detroit Diesel, and Navistar.12 Typically, transit buses have about a 12 year lifespan, and 
approximately 5000-5500 units a year enter the fleet, where school buses can last upwards of 
fifteen years or longer as school buses are not eligible for Federal Transit Administration 
funding as most transit buses are.13

In 2008, transit buses were responsible for moving 53 percent of all unlinked 
passenger mass-transit trips which is just over 5.5 billion passenger trips.

  Currently, about 32 percent of U.S. buses have an 
alternative energy source and are powered by a source other than diesel or gas. According to 
the American Public Transportation Association's (APTA) “2008 Public Transportation Fact 
Book,” in 2007, 22 percent of approximately 80,000 transit buses operated on alternative 
power, primarily compressed or liquefied natural gas (as well as recent interest in and growth 
of hybrid electric buses).  Additionally, according to the Union of Concerned Scientists’ 
“School Bus Pollution Report Card 2006 Grading the Schools” (May, 2006), less than 1 
percent (4,145) of the approximately 505,000 school buses in the U.S. run on LNG/CNG; less 
than 2 percent (8,632) run on biodiesel, mostly B20.  There are several types of bus fleets 
operating on alternative power.  For example, CNG (Los Angeles Metropolitan Transit 
Authority) has the largest operational fleet, HEV (GM-Allison Transmission, BAE Systems, 
ISE Corporation, and Ebus (22’ shuttles)) manufacture hybrid buses, while New York City 
Transit had a pilot program, and BEV (Proterra), Fuel Cell (fuel cell bus projects with New 
Flyer, Van Hool, Gilig, Daimler (Orion), EBus).

14  In addition, 
APTA reports that in terms of passenger miles by mode, busing is also responsible for the 

Source: www.freightlijnertrucks.com/media/pdf/coronado_brochure.pdf Source: www.internationaltrucks.com/Trucks/Trucks/Series/LoneStar
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largest share (over 39 percent) of passenger transportation, at nearly 22 billion passenger 
miles.  Although the number of buses manufactured in the U.S. is less than 5,500 per year, the 
number of manufacturing facilities involved in producing these buses is spread throughout the 
U.S., as shown in Figure 1-12.15

Figure 1-12 Selected U.S. Manufacturing Locations for Transit Buses and Components

  While transit buses are typically used for two full shifts 
nearly every day and can average up to 30,000 miles per year of usage, school buses are used 
only twice a day and only on days when school is in session and typically accumulate just 
over 11,000 miles per year.  School buses transport over 25 million children each year with a 
fleet of buses that is 94 percent diesel engine powered.

Compared to other modes of mass transit, and even other types of heavy-duty truck 
operations, buses travel generally operates at the lowest speed and tends to stop much more 
frequently than other HD vehicles.  Figure 1-13 shows a comparison of average operational 
speed and length of trip for different modes of mass transit.  Buses also make up one of the 
largest fleets of vehicles within the HD sector, having over 66,000 buses available for service 
in 2008. At the beginning of 2009 they were approximately 7.5 years old with 5.5 percent
having been rehabilitated during their lifetime.  

Source: Center on Globalization, Governance & Competitiveness, 2009
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Figure 1-13 Vehicle Speed vs. Trip Length by Mode in 2008

1.4 Operations

1.4.1 Trucking as a Mode of Freight Transportation 

Trucks travel over a considerably larger domain than trains do, for example, in 2007 
there were over 4 million miles of public roads compared to 140,000 miles of track.16  In 2007 
there were over 2 million combination tractors registered in the U.S, and over 5.5 million 
trailers (including all commercial type vehicles and semitrailers that are in private or for hire 
use).17 Table 1-3 presents the number of trucks compared to the number of vessels and other 
modes of transportation that move freight. 

Source: 2009 APTA Fact Book
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Table 1-3 Number of U.S. Vehicles, Vessels, and Other Conveyances: 1980-2007

Source: The Federal Highway Administration “Freight Facts and Figures 2009.”

Trucks move more than one-half of all hazardous materials within the U.S.; however, 
truck ton miles of hazardous shipments account for only about one-third of all transportation 
ton-miles due to the relatively short distances these materials are typically carried.  In terms of 
growing international trade, trucks are the most common mode used to move imports and 
exports between both borders and inland locations.  Table 1-5 shows the tons and value 
moved by truck compared to other transportation methods.   

Table 1-4 Domestic Mode of Exports and Imports by Tonnage and Value in 2002 and Projections for 
2035.32

MILLIONS OF 
TONS

BILLIONS OF 
DOLLARS (U.S. 
$2002)

2002 2035 2002 2035
Truck 797a 2116 1198 6193
Rail 200 397 114 275
Water 106 168 26 49
Air, air and truck 9b 54 614 5242
Intermodal 22c 50 52 281
Pipeline and 
unknown

524
d

760 141 238

   Notes: a Excludes truck moves to and from airports.
b Includes truck moves to and from airports. 
c Intermodal includes U.S. Postal Service and courier shipments and all intermodal combinations, except air and 
truck.  In this table, oceangoing exports and imports that move between ports and domestic locations by single 
modes are classified by the domestic mode rather than the intermodal.
d Pipeline and unknown shipments are combined because data on region-to-region flows by pipeline are statistically 
uncertain.
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Conversely, transportation of foreign trade is dominated by movement via water with 
trucks hauling approximately 16 percent of imported freight followed by rail and pipeline.18

As of 2009, Canada was the top trading partner with the United States in terms of the value of 
the merchandise traded ($430 billion in U.S. $2009), second was China ($366 billion in U.S. 
$2009), and third was Mexico ($305 billion in U.S. $2008).19

Figure 1-14

  Truck traffic dominates 
transportation modes from the two North American trade partners.  As of 2009, over 58 
percent of total imported and exported freight moved between the U.S. and Canada was
hauled by truck between Canada and the U.S., while over 68 percent of total imported and 
exported freight moved between the U.S. and Mexico was hauled by truck between Mexico 
and the U.S, as shown in .20

Figure 1-14 North American Transborder Freight

The number of truck configurations is only limited by technical compatibility and 
customer demand; order lead times can vary from a few months to a year when demand is 
high. Truck purchasers (individual owner-operators and fleets) custom order their trucks to 
meet very specific needs, e.g. fleets in Kansas choose high gear ratios for good fuel economy 
on flat roads, fleets in the Rocky Mountains choose lower gear ratios to allow adequate 
performance in the mountains, etc.

1.4.2 Operational Costs 

One of the largest components of truck operational costs can be fuel costs, although 
this is dependent on the price of fuel, and can be as much as $70,000 - $125,000 annually per 
truck.  High fuel price is a key driver for adopting new technologies as the lifetime fuel cost to 
operate a Class 8 truck is nearly five times that of the original price of the truck, compared to 
about a one-to-one ratio for passenger vehicle.  HD truck fleets typically operate on a very 
thin profit margin (1-2 percent); therefore, increased truck fuel economy can greatly increase 
a company’s profitability.31 New technologies are generally introduced on Class 8 vehicles 
first, and then are quickly implemented into other truck class segments due to the similarity of 
these vehicles. 

Source: Bureau of Transportation Statistics: North American Transborder Freight Data
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1.4.3 Operators

There are nearly nine million people in trucking related jobs, with 15 percent involved 
in manufacturing of the vehicles and trailers, and the majority of over three million, working 
as truck drivers.  Many drivers are not part of large fleets, but are independent owner-
operators where the driver independently owns his or her vehicle, leaving 87 percent of 
trucking fleets operating less than 6 percent of all trucks. 

The U.S. Department of Transportation’s Federal Motor Carrier Safety Administration 
has developed Hours-of-Service regulations that limit when and how long commercial motor 
vehicle drivers may drive (Table 1-5 summarizes these rules).  In general, drivers must take a 
ten consecutive hour rest / break per 24 hour day, and they may not drive for more than a 
week without taking a 34 consecutive hour break.  These regulations have increased the 
importance of idle reduction technologies, as drivers can have a significant amount of 
downtime during a trip in order to comply with these mandates.  During their required off-
duty hours, drivers face additional regulations they must abide by if they rest in their truck 
and idle the main engine to provide cab comfort.  Currently, regulations that prohibit trucks 
from idling can differ from state to state, county to county, and city to city.  The American 
Transportation Research Institute has compiled a list of nearly 45 different regulations that 
exist in different locals with fines for non-compliance ranging from $50 to $25,000 and can 
include up to two years in prison.

The need for auxiliary cab heating, cooling, and sources of electricity such as those 
provided by idle reduction devices such as auxiliary power units, is highlighted by the fact 
that driver comfort is not typically included as an exemption to allow idling, nor are, in some 
cases, the idling of trailer refrigeration units that require power to keep freight at a controlled 
temperature.

Table 1-5 Summary of Hours of Service Rules

PROPERTY-CARRYING CMV DRIVERS PASSENGER-CARRYING CMV DRIVERS

11-Hour Driving Limit 10-Hour Driving Limit
May drive a maximum of 11 hours after 10 consecutive hours 
off duty.

May drive a maximum of 10 hours after 8 consecutive hours off 
duty.

14-Hour Limit 15-Hour On-Duty Limit
May not drive beyond the 14th consecutive hour after coming 
on duty, following 10 consecutive hours off duty. Off-duty 
time does not extend the 14-hour period.

May not drive after having been on duty for 15 hours, following 8 
consecutive hours off duty. Off-duty time is not included in the 15-
hour period.

60/70-Hour On-Duty Limit 60/70-Hour On-Duty Limit
May not drive after 60/70 hours on duty in 7/8 consecutive 
days. A driver may restart a 7/8 consecutive day period after 
taking 34 or more consecutive hours off duty.

May not drive after 60/70 hours on duty in 7/8 consecutive days.

Sleeper Berth Provision Sleeper Berth Provision
Drivers using the sleeper berth provision must take at least 8 
consecutive hours in the sleeper berth, plus a separate 2 
consecutive hours either in the sleeper berth, off duty, or any 
combination of the two.

Drivers using a sleeper berth must take at least 8 hours in the 
sleeper berth, and may split the sleeper-berth time into two periods 
provided neither is less than 2 hours.

Source: Federal Motor Carrier Safety Administration
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1.4.4 Heavy-Duty Truck Operating Speeds

In addition to the federal operating regulations, drivers must be aware of the variety of 
speed limits along their route, as these can vary both interstate and intrastate. 21,22

Table 1-6

  Currently, 
eight states have different speed limits for cars than they do for trucks, one state has different 
truck speed limits for night and day, and one state has a different speed limit for hazmat 
haulers than other trucks.  In all, there are thirteen different car and truck speed combinations 
in the U.S. today;  shows the different combination of vehicle and truck speed 
limits, as well as the different speed limits by location.

Table 1-6 U.S. Truck and Vehicle Speed Limits

SPEED LIMIT STATES WITH THE SAME SPEED LIMIT

Trucks 75 / Autos 75 Arizona, Colorado, Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, South 
Dakota, Utahc

Trucks 70 / Autos 70
, Wyoming

Alabama, Florida, Georgia, Iowa, Kansas, Louisiana, Minnesota, Mississippi, 
Missouri, North Carolina, South Carolina, Tennessee, West Virginia, 

Trucks 65 / Autos 65 Alaska, Connecticut, Delaware, Illinois, Kentuckya, Maine, Maryland, Massachusetts, 
New Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, 
Vermont, Virginiad

Trucks 60 / Autos 60
, Wisconsin

Hawaii

Trucks 55 / Autos 55 District of Columbia
Trucks 65 / Autos 75 Montana, Idaho
Trucks 65 / Autos 70 Arkansas, Indiana
Trucks 60 / Autos 70 Washington, Michigan
Trucks 55 / Autos 70 California
Trucks 55 / Autos 65 Oregon

Trucks 65 
(on the Turnpike Only)

Ohio

Trucks and Autos 70 
(65 at night)

Texas

Hazmat Trucks 55mph

b

Alabama

1.4.5 Trucking Roadways 

The main function of the National Network is to support interstate commerce by 
regulating the size of trucks. Its authority stems from the Surface Transportation Assistance 
Act of 1982 (P.L. 97-424) which authorized the National Network to allow conventional 
combinations on “the Interstate System and those portions of the Federal-aid Primary System 
… serving to link principal cities and densely developed portions of the States … [on] high 
volume route[s] utilized extensively by large vehicles for interstate commerce … [which do] 
not have any unusual characteristics causing current or anticipated safety problems.”23 The 

Notes: [a] Effective as of July 10, 2007, the posted speed limit is 70 mph in designated areas on I-75 and I-71.
[b] In sections of I-10 and I-20 in rural West Texas, the speed limit for passenger cars and light trucks is 80 mph. For large trucks, the speed 
limit is 70 mph in the daytime and 65 mph at night.  For cars, it is also 65 mph at night.  
[c] Based on 2008 Utah House Bill 406, which became effective on May 5, 2008, portions of I-15 have a posted limit of 80 mph.
[d] Effective July 1, 2006, the posted speed limit on I-85 may be as high as 70 mph.
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National Network has not changed significantly since its inception and is only modified if 
states petition to have segments outside of the current network added or deleted, Figure 1-15
shows the National Network of the U.S. C

Additionally, there is the National Highway System (NHS), which was created by the 
National Highway System Designation Act of 1995 (P.L. 104-59). The main focus of the 
NHS is to support interstate commerce by focusing on federal investments.  Currently, there is 
a portion of the NHS that is over 4,000 miles long which supports a minimum of 10,000 
trucks per day and can have sections where at least every fourth vehicle is a truck.  Both the 
National Network and the NHS are approximately the same length, roughly 200,000 miles, 
but the National Network includes approximately 65,000 miles of highways in addition to the 
NHS, and the NHS includes about 50,000 miles of highways that are not in the National 
Network. 

C Tractors with one semitrailer up to 48 feet in length or with one 28-foot semitrailer and one 28-foot trailer, and 
can be up to 102 inches wide.  Single 53-foot trailers are allowed in 25 states without special permits and in an 
additional 3 states subject to limits on distance of kingpin to rearmost axle.
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Figure 1-15 The National Network for Conventional Combination Trucks

1.4.6 Weigh Stations 

Individual overweight trucks can damage roads and bridges; therefore, both federal 
and state governments are concerned about trucks that exceed the maximum weight limits
operating without permits on U.S. roadways.  In order to ensure that the trucks are operating 
within the correct weight boundaries, weigh stations are distributed throughout the U.S. 
roadways to ensure individual trucks are in compliance.  In 2008, there were approximately 
200 million truck weight measurements taken with less than one percent of those found to 
have a violation.24

There are two types of weigh stations, dynamic, or ‘weigh-in-motion’, where the 
operator drives across the scales at normal speed, and static scales where the operator must 
stop the vehicle on the scale to obtain the weight.  As of 2008, 60 percent of the scales in the 
U.S. were dynamic and 40 percent were static.  The main advantage of the dynamic weigh-in-
motion scales are that they allow weight measurements to be taken while trucks are operating 
at highway speeds, reducing the time it takes for them to be weighed individually, as well as 
reducing idle time and emissions.25,26 Officers at weigh stations are primarily interested in 
ensuring the truck is compliant with weight regulations; however, they can also inspect 
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equipment for defects or safety violations, and review log books to ensure drivers have not 
violated their limited hours of service.    

1.4.7 Types of Freight Carried

Prior to 2002, the U.S. Census Bureau completed a “Vehicle Inventory and Use 
Survey” (VIUS), which has since been discontinued.  It provided data on the physical and 
operational characteristics of the nation’s private and commercial truck fleet, and had a 
primary goal of producing national and state-level estimates of the total number of trucks.  
The VIUS also tallied the amount and type of freight that was hauled by heavy-duty trucks.  
The most prevalent type of freight hauled in 2002, according to the survey was mixed freight, 
followed by nonpowered tools.  Three fourths of the miles traveled by trucks larger than panel 
trucks, pickups, minivans, other light vans, and government owned vehicles were for the 
movement of products from electronics to sand and gravel.  Most of the remaining mileage is 
for empty backhauls and empty shipping containers, Table 1-7 shows the twenty most 
commonly hauled types of freight in terms of miles moved.

Table 1-7 Top Twenty Types of Freight Hauled in 2002 in Terms of Mileage

TYPE OF PRODUCT CARRIER MILLIONS OF MILES
Mixed freight 14,659
Tools, nonpowered 7,759
All other prepared foodstuffs 7,428
Tools, powered 6,478
Products not specified 6,358
Mail and courier parcels 4,760
Miscellaneous manufactured products 4,008
Vehicles, including parts 3,844
Wood products 3,561
Bakery and milled grain products 3,553
Articles of base metal 3,294
Machinery 3,225
Paper or paperboard articles 3,140
Meat, seafood, and their preparations 3,056
Non-metallic mineral products 3,049
Electronic and other electrical equipment 3,024
Base metal in primary or semi-finished forms 2,881
Gravel or rushed stone 2,790
All other agricultural products 2,661
All other waste and scrape (non-EPA manifest) 2,647

Source: The U.S. Census Bureau “Vehicle Inventory and Use Survey” 2002
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1.4.8 Heavy-Duty Trucking Traffic Patterns

One of the advantages inherent in the trucking industry is that trucks can not only 
carry freight over long distances, but due to their relatively smaller size and increased 
maneuverability they are able to deliver freight to more destinations than other modes such as 
rail.  Figure 1-16 shows the different modes of freight transportation and the average length of 
their routes.  However, this also means they are in direct competition with light-duty vehicles 
for road space, and that they are more prone to experiencing traffic congestion delays than 
other modes of freight transportation. 

Figure 1-16 Lengths of Routes by Type of Freight Transportation Mode

Source: http://www.bts.gov/publications/national_transportation_statistics/

The Federal Highway Administration (FHWA) projects that long-haul trucking 
between places which are at least 50 miles apart will increase substantially on Interstate 
highways and other roads throughout the U.S, forecast data indicates that this traffic may 
reach up to 600 million miles per day.24   In addition, the FHWA projects that segments of the 
NHS supporting more than 10,000 trucks per day will exceed 14,000 miles, an increase of 
almost 230 percent over 2002 levels.  Furthermore, if no changes are made to alleviate current 
congestion levels, the FHWA predicts that these increases in truck traffic combined with 
increases in passenger vehicle traffic could slow traffic overall on nearly 20,000 miles of the 
NHS and create stop-and-go conditions on an additional 45,000 miles.  Figure 1-17 shows the 
projected impacts of traffic congestion.  These predicted congestion areas would also have an 
increase in localized engine emissions; advances in hybrid truck technology could provide 
large benefits and help combat the increased emissions that occur with traffic congestion. 
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Figure 1-17 Federal Highway Administration's Projected Average Daily Long-Haul Truck Traffic on the 
National Highway System in 2035

Source: The Federal Highway Administration: 2009 Facts and Figures

1.4.9 Intermodal Freight Movement

Since trucks are more maneuverable than other common modes of freight shipment, 
trucks are often used in conjunction with these modes to transit goods across the country, 
known as intermodal shipping.  Intermodal traffic typically begins with containers carried on 
ships, then they are loaded onto railcars, and finally transported to their end destination via 
truck.  There are two primary types of rail intermodal transportation which are trailer-on-
flatcar (TOFC) and container-on-flatcar (COFC), both are used throughout the U.S. with the 
largest usage found on routes between West Coast ports and Chicago, and between Chicago 
and New York.  The use of TOFCs (see Figure 1-18) allows for faster transition from rail to 
truck, but is more difficult to stack on a vessel; therefore the use of COFCs (see Figure 1-19) 
has been increasing steadily.
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Figure 1-18 Trailer-on-Flatcar (TOFC)

Figure 1-19 Container-on-Flatcar (COFC)

1.4.10 Purchase and Operational Related Taxes 

Currently, there is a Federal retail tax of 12 percent of the sales price (at the first retail 
sale) on heavy trucks, trailers, and tractors. This tax does not apply to truck chassis and bodies 
suitable for use with a vehicle that has a gross vehicle weight of 33,000 pounds or less.  It also 
does not apply to truck trailer and semitrailer chassis or bodies suitable for use with a trailer 
or semitrailer that has a gross vehicle weight of 26,000 pounds or less. Tractors that have a 
gross vehicle weight of 19,500 pounds or less and a gross combined weight of 33,000 pounds 
or less are excluded from the 12 percent retail tax.27

There is also a tire tax for tires used on some heavy-duty trucks. This tax is based on 
the pounds of maximum rated load capacity over 3,500 pounds rather than the actual weight 
of the tire, as was done in the past.

This tax is applied to the vehicles as well 
as any parts or accessories sold on or in connection with the sale of the truck.  However, idle 
reduction devices affixed to the tractor and determined by the Administrator of the EPA, in 
consultation of the Secretary of Energy and Secretary of Transportation are generally exempt 
from this tax.  There are other exemptions for certain truck body types, such as refuse packer 
truck bodies with load capacities of 20 cubic yards or less, other specific installed equipment, 
and sales to certain entities such as state or local governments for their exclusive use.  

28  Singlewide tires can provide some tax savings both in 
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terms of a lower tax rate and the weight reduction achieved as these tires typically weigh less 
than two standard tires, mostly due to the elimination of two sidewalls. 

A new method of calculating the federal excise tax (FET) on tires was included in the 
American Jobs Creation Act that changed the method for calculating the FET on truck tires.  
Previously, the tax was based on the actual weight of the tire, where before, for a tire
weighing more than 90 pounds there was a 50¢ tax for every 10 pounds of weight above 90 
pounds plus a flat fee of $10.50.  Since truck and trailer tires can weigh on average 120 
pounds, this would carry a tax penalty of approximately $25 per tire; this method gave 
singlewide tires a tax advantage as they weigh less in part because they have two fewer 
sidewalls.  The new FET is based on the load-carrying capacity of the tire. For every 10-
pound increment in load-carrying capacity above 3,500 pounds, a tax of 9.45¢ cents is levied.
A typical heavy-duty tire has a load carrying capacity of over approximately 6,000 pounds 
and would therefore carry a similar tax burden as before.29

Finally, there is a usage tax for heavy duty vehicles driven over 5,000 miles per year 
(or over 7,500 miles for agricultural vehicles).  This tax is based on the gross weight of the 
truck, and includes a rate discounted 25 percent for logging trucks.

The change, however, is that the 
tax rate for bias ply and single wide tires is half that of a standard tire.  

30

1.4.11 Heavy-Duty Vehicle Age Trends

For trucks with a GVW 
of 55,000 – 75,000 pounds the tax rate is $100 plus $22 for each additional 1,000 pounds in 
excess of 55,000 pounds; trucks with a GVW over 75,000 pay $550. 

Class 8 long-haul combination tractors are typically sold after the first three to five 
years of ownership and operation by large fleets, however, smaller fleets and owner-operators 
will continue to use these trucks for many years thereafter.31  As of 2009, the average age of 
the U.S. Class 8 fleet was 7.87 years.32  These newest trucks travel between 150,000 – 
200,000 miles per year, and 50 percent of the trucks in this Class 8 segment use 80 percent of 
the fuel.33 Figure 1-20  Although the overall fleet average age is less than ten years old,  shows 
that nearly half of all of Class 4-8 trucks live well past 20 years of age, and that smaller Class 
4-6 trucks typically remain in the U.S. fleet longer than other classes. 
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Figure 1-20 Survival Probability of Class 4-8 Trucks

1.5 Tire Manufacturers

The three largest suppliers to the U.S. commercial new truck tire market (heavy-duty 
truck tires) are Bridgestone Americas Tire Operations LLC, Goodyear Tire and Rubber 
Company, and Michelin North America, Incorporated.  Collectively, these companies account 
for over two-thirds of the new commercial truck tire market.  Continental Tire of the 
Americas LLC, Yokohama Tire Company, Toyo Tires U.S.A. Corporation, Hankook Tire 
America Corporation, and others also supply this market.  New commercial tire shipments 
totaled 12.5 million tires in 2009.  This number was down nearly 20 percent from the previous 
year, due to the economic downturn, which hit the trucking industry especially hard. 34

1.5.1 Single Wide Tires 

A typical configuration for a combination tractor-trailer is five axles and 18 wheels 
and tires, hence the name, “18-wheeler.”  There are two wheel/tire sets on the steer axle, one 
at each axle end, and four wheel/tire sets on each of the two drive and two trailer axles, with 
two at each axle end (dual tires), Figure 1-21 shows the position and name of each axle. 

Steer tires and dual drive and trailer tires vary in size.  A typical tire size for a tractor-
trailer highway truck is 295/75R22.5.  This refers to a tire that is 295 millimeters (or 11.6”) 
wide with an aspect ratio (the sidewall height to tire section width, expressed as a percent) of 
75, for use on a 22.5” wheel.  The higher the aspect ratio the taller the tire is relative to its 
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section width.  Conversely, the lower the aspect ratio the shorter the tire is relative to its 
section width.  Truck tires with a sidewall height between 70 percent and 80 percent of the 
tire section width use this metric sizing; other common highway truck tire sizes are 
275/80R22.5, 285/75R24.5, and 275/80R24.5.  Tire size can also be expressed in inches.
11R22.5 and 11R24.5 refer to tires that are 11 inches wide for use on a 22.5” and 24.5” wheel,
respectively. Tires expressed in this non-metric nomenclature typically have an aspect ratio 
of 90, meaning the sidewall height is 90 percent of the tire section width.

Figure 1-21 Class 8 Standard "18 Wheeler" Axle Identification

Single wide tires have a much wider “base” or section width than tires used in dual 
configurations and have a very low aspect ratio. A typical size for a single wide tire used on a 
highway tractor trailer is 455/50R22.5.  This refers to a tire that is 455 millimeters wide with a 
sidewall height that is 50 percent of its section width, for use on a 22.5” wheel.  As implied by 
its name, a single wide tire is not installed in a dual configuration.  Only one tire is needed at 
each end of the four drive and trailer axles, effectively converting an “18-wheeler” heavy-
duty truck into a 10-wheeler, including the two steer tires.  Except for certain applications like 
refuse trucks, in which the additional weight capacity over the steer axle could be beneficial, 
single wide tires are not used on the steer axle.

Proponents of single wide tires cite a number of advantages relative to conventional 
dual tires. These include lower weight, less maintenance, and cost savings from replacing 16 
dual tire/wheel sets with 8 single wide tire/wheel sets; improved truck handling and braking, 
especially for applications like bulk haulers that benefit from the lower center of gravity; 
reduced noise; fewer scrapped tires to recycle or add to the waste stream; and better fuel 
economy.  A recent in-use study conducted by the Department of Energy’s Oak Ridge 
National Laboratory found fuel efficiency improvement for single wide tires compared to dual 
tires of at least 6 percent up to 10 percent. These findings are consistent with assessments by 
EPA using vehicle simulation modeling and in controlled track testing conducted by EPA’s 
SmartWay program.35

Sales of single wide tires have grown steadily since today’s single wide tires entered 
the U.S. market in 2000.  However, overall market share of single wide tires is still low 
relative to dual tires. There are several reasons why trucking fleets or drivers might be slow 
to adopt single wide tires.  Fleets might be concerned that in the event of a tire failure with a 
single wide tire, the driver would need to immediately pull to the side of the road rather than 
“limping along” to an exit.  “Limping along” on one dual tire after the other dual tire fails
places the entire weight of the axle end on the one remaining good tire.  In most cases, this is 
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a dangerous practice that should be avoided regardless of tire type; however, some truck 
operators still use “limp along” capability. Fleets might also be concerned that replacement 
single wide tires are not widely available on the road.  As single wide tires continue to gain 
broader acceptance, tire availability will increase for road service calls. Trucking fleets might 
not want to change tire usage practices.  For example, some fleets like to switch tires between 
the steer and trailer axles or retreaded steer tires for use on trailers.  Since single wide tires are 
not used on the steer position of tractor-trailers, using single wide tires on the trailer 
constrains steer-trailer tire and retreaded tire interchangeability.   

New trucks and trailers can be ordered with single wide tires, and existing vehicles can 
be retrofit to accommodate single wide tires.  If a truck or trailer is retrofit with single wide 
tires, the dual wheels will need to be replaced with wider single wheels. Also, if a trailer is 
retrofit or newly purchased with single wide tires, it may be preferable to use the heavier, 
non-tapered “P” type trailer axles rather than the narrow, lighter, tapered “N” spindle axles,
because of changes in load stress at the axle end.  Single wide tires are typically outset by 2
inches due to the wider track width, and outset wheels may require a slight de-rating of the 
hub load.  Industry is developing advanced hub and bearing components optimized for use 
with single wide wheels and tires, which could make hub load de-rating unnecessary.  
Whatever type of wheels and tires are used, it is important that trucking fleets follow the 
guidance and recommended practices issued by equipment manufacturers, the Tire and Rim 
Association, and the American Trucking Association’s Technology and Maintenance Council, 
regarding inflation pressure, speed and load ratings. 

When today’s single wide tires were first introduced in 2000, there were questions 
about adverse pavement impacts.  This is because in the early 1980’s, a number of “super 
single” tires were marketed which studies subsequently showed to be more detrimental to 
pavement than dual tires.  These circa-1980s wide tires were fundamentally different than 
today’s single wide tires.  They were much narrower (16 percent to 18 percent) and taller,
with aspect ratios in the range of 70 percent, rather than the 45 – 55 percent of today’s single 
wide tires. The early wide tires were constructed differently as well, lacking the engineering 
sophistication of today’s single wide tires.  The steel belts were oriented in a way that 
concentrated contact stresses in the crown, leading to increased pavement damage.  The tires 
also flexed more, which increased rolling resistance.

In contrast, today’s single wide tires are designed to provide more uniform tire-
pavement contact stress, with a tire architecture that allows wider widths at low aspect ratios
and reduces the amount of interaction between the crown and sides of the tire, to reduce 
flexing and improve rolling resistance.  Research on pavement response using instrumented 
roads and finite element modeling shows that depending upon pavement structure, single wide 
tires with a 55 percent aspect ratio produce similar bottom-up cracking and rutting damage as 
dual tires, and improve top-down cracking. Single wide tires with a 45 percent aspect ratio
showed slightly more pavement damage.  The new studies found that earlier research failed to 
take into account differences in tire pressure between two tires in a dual configuration; a
situation that is common in the real world.  Uneven inflation pressure with dual tire
configurations can be very detrimental to pavement.  The research also found that 
conventional steer tires damage pavement more than other tires, including single wide tires.36
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Research is ongoing to provide pavement engineers the data they need to optimize road and 
pavement characteristics to fit current and emerging tire technologies. 

1.5.2 Retreaded Tires

 Although retreading tires is no longer a common practice for passenger vehicles, it is 
very common in commercial trucking.  Even the federal government is directed by Executive 
Order to use retreaded tires in its fleets whenever feasible.37 Retreading a tire greatly 
increases its mileage and lifetime, saving both money and resources.  It costs about one-third
to one-half of the cost of a new truck tire to retread it, and uses a lot less rubber.  On average, 
it takes about 325 pounds of rubber to produce a new medium- or heavy-duty truck tire, but 
only about 24 pounds of rubber to retread the same tire.38

The Department of Transportation Federal Motor Carrier Safety Administration 
(FMSCA) issues federal regulations that govern the minimum amount of tread depth 
allowable before a commercial truck tire must be retreaded or replaced. These regulations 
prohibit “Any tire on any steering axle of a power unit with less than 4/32 inch tread when 
measured at any point on a major tread groove. …All tires other than those found on the 
steering axle of a power unit with less than 2/32 inch tread when measured at any point on a 
major tread groove.”39 Trucking fleets often retread tires before tire treads reach this 
minimum depth in order to preserve the integrity of the tire casing for retreading.  If the 
casing remains in good condition, a truck tire can be safely retreaded multiple times.  Heavy 
truck tires in line haul operation can be retread 2 to 3 times and medium-duty truck tires in 
urban use can be retread 5 or more times.40

In 2009, the number of retreaded tires sold to the commercial trucking industry 
outsold the number of new replacement tire shipments by half a million units – 13 million 
retreaded tires were sold, versus 12.5 million replacement tires.

To accommodate this practice, many commercial 
truck tire manufacturers warranty their casings for up to five years, excluding damage from 
road hazards or improper maintenance. 

41 Retreaded tire sales 
(without casings) totaled $1.64 billion in 2009.42 All the top commercial truck tire 
manufacturers are involved in tire retread manufacturing.  Bridgestone Bandag Tire Solutions 
accounts for 42 percent of the domestic retreaded truck tire market with its Bandag retread 
products; Goodyear Tire and Rubber Company accounts for 28 percent, mostly through its 
Wingfoot Commercial Tire Systems; Michelin Retread Technologies Incorporated, with 
Megamile, Oliver, and Michelin retread products, accounts for 23 percent.  Other tire 
companies like Continental and independent retread suppliers like Marangoni Tread North 
America (which also produces the Continental “ContiTread” retread product) make up the 
remaining 7 percent.43

Although the “big 3” tire companies produce the majority of retread products through 
their retread operations, the retreading industry itself consists of hundreds of retreaders who 
sell and service retreaded tires, often (but not always) using machinery and practices 
identified with one of the “big 3” retread producers.  There are about 800 retread plants in 
North America.44 The top 100 retreaders in the U.S. retread 47,473 truck tires per day. They 
also retread 2,625 light truck tires and 625 off road tires daily. Tire retreaders are industry-
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ranked by the amount of rubber they use annually in their businesses.  In 2009, the top 12 
retreaders in the US accounted for nearly 150 million pounds of rubber used to retread tires. 45

1.6 Current U.S. and International GHG Voluntary Actions and 
Regulations

Heavy-duty trucks in the U.S. today are not required to meet national GHG standards 
or regulations.  The only national requirement for heavy-duty trucks is currently for non-GHG 
emissions, as the heavy-duty engines must meet Non-Methane Hydrocarbons (NMHC),
nitrous oxides (NOx), particulate matter (PM), and carbon monoxide (CO) standards.  U.S. 
efforts to reduce GHG emissions from the heavy-duty truck sector to date have been limited 
to voluntary measures and actions by the States.  Congress has mandated the U.S. Department 
of Transportation to take action to set fuel efficiency standards for heavy-duty trucks through 
the Energy Independence and Security Act (EISA) of 2007.  International GHG regulations 
have been implemented in Japan and are under consideration in other countries. 

Additionally, there are existing heavy-duty engine certification and useful life 
requirements, as shown for example in Figure 1-22.  Heavy-Duty Engines have a single full 
life standard.  Manufacturers certify results are cleaner than their test results to account for 
production and testing variability.  Manufacturers also develop a deterioration factor which is 
used to demonstrate compliance at end of life.

Figure 1-22 Current Heavy-Duty Useful Life Years and Miles

ENGINE TYPE YEARS MILES
Spark Ignited (SI) Engines 10 110,000
Light Heavy-Duty Diesel Engines 10 110,000
Medium-Heavy Duty Diesel 
Engines

10 185,000

Heavy-Heavy-Duty Diesel 
Engines

10 435,000

1.6.1 U.S. EPA SmartWayTM

While there are currently no national regulations for the heavy-duty trucking sector, 
there is a highly recognized voluntary program established in the U.S.  The U.S. EPA 
SmartWay Transport Partnership is a collaborative program between EPA and the freight 
industry that will increase the energy efficiency of heavy-duty trucks while significantly 
reducing air pollution and GHG emissions. The Partnership provides strong market-based 
incentives to companies shipping products and the truck companies delivering these products, 
to improve the environmental performance of freight operations. SmartWay Transport 
partners improve their energy efficiency, save money, reduce greenhouse gas emissions and 
improve air quality. 

Transport Partnership

SmartWay is a collaborative effort between the government and business, to improve 
the efficiency of goods movement from global supply chains while reducing fuel consumption 
and emissions.  SmartWay was launched by the Environmental Protection Agency in 2004 
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with full support of the trucking industry and their freight shipping customers.  SmartWay 
started with fifty initial partners including 15 Charter Partners.  Since that time, the number of 
Partners has grown to over 2,700 members including most of the largest trucking fleets in the 
United States, and many of the largest multi-national shippers.  SmartWay trucking fleet 
partners operate over 650,000 trucks, which represent 10 percent of all heavy-duty trucks.  
The SmartWay program promotes the benefits of key truck technologies including idle 
reduction, aerodynamics, efficient tires, and operational strategies that include enhanced 
logistics management, reduced packaging, driver training, equipment maintenance, and 
intermodal options.  SmartWay partners employ these strategies and technologies on new and 
existing equipment to reduce emissions and save fuel, contributing to environmental, energy 
security, and economic goals.   SmartWay partners have helped to reduce CO2

1.6.2 The 21

emissions 
from trucks by nearly 15 million metric tons, NOx by 215,000 tons, and PM by 8,000 tons, 
and have saved 1.5 billion gallons of diesel fuel as well as $3.6 billion in fuel costs.  Other 
countries have expressed significant interest in SmartWay, and EPA has participated in 
workshops and pilot projects to demonstrate SmartWay tools and approaches internationally.  
Beginning in 2007, working with truck, trailer and engine manufacturers as well as states and 
public interest groups, SmartWay developed specifications to designate the cleanest and most 
efficient Class 8 tractor-trailers.  SmartWay-certified trucks now represent more than 5 
percent of new Class 8 sleeper truck sales, and every major truck maker offers at least one 
EPA SmartWay Certified Tractor. 

st

Additionally, the DOE, EPA, DOT, Department of Defense (DOD), and national 
laboratories together with members of the heavy-duty truck industry work toward making 
freight and passenger transportation more efficient, cleaner, and safer under the 21

Century Truck Partnership

st Century 
Truck Partnership.46

Integrated vehicle systems research and development to validate and deploy 
advanced technologies. 

The Partnership has several activities related to reducing greenhouse gas 
emissions, including: 

Research for engine, combustion, exhaust aftertreatment, fuels, and advanced 
materials to achieve both higher efficiency and lower emissions.

Research on advanced heavy-duty hybrid propulsion systems, reduced parasitic 
losses, and reduced idling emissions. 

The Partnership provides a forum for parties to exchange information on the heavy-
duty sector across government and industry.  The Partnership has developed, among many 
other aspects, the widely referenced vehicle energy balance for heavy trucks and specific 
research goals for improvement efficiency.

1.6.3 California Assembly Bill 32

The state of California passed the Global Warming Solutions Act of 2006 (Assembly 
Bill 32), enacting the state’s 2020 greenhouse gas emissions reduction goal into law.  
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Pursuant to this Act, the California Air Resource Board (ARB) was required to begin 
developing early actions to reduce GHG emissions.  Accordingly, the California Air Resource 
Board issued the Regulation to Reduce Greenhouse Gas Emissions from Heavy-Duty 
Vehicles in December 2008. 47

This regulation reduces GHG emissions by requiring improvement in the efficiency of 
heavy-duty tractors and 53 foot or longer dry and refrigerated box trailers which operate in 
California.  The program begins in 2010, although small fleets are allowed special compliance 
opportunities to phase in the retrofits of their existing trailer fleets through 2017.  The 
regulation requires that new tractors and trailers subject to the rule be certified by SmartWay 
and existing tractors and trailers are retrofit with SmartWay verified technologies.  The 
efficiency improvements are achieved through the use of aerodynamic equipment and low 
rolling resistance tires on both the tractor and trailer.  

1.6.4 U.S. Energy Independence and Security Act 

The U.S. Energy Independence and Security Act (EISA) of 2007 was enacted by 
Congress in December of 2007.48 EISA requires the Department of Transportation, in 
consultation with DOE and EPA, to study the fuel efficiency of heavy-duty trucks and 
determine: the appropriate test procedures and metric for measuring and expressing fuel 
efficiency; of MD/HD vehicles; the range of factors that affect fuel efficiency of such 
vehicles; and factors that could have an impact on a program to improve these vehicles’ fuel 
efficiency.  In addition, EISA directed the Department of  Transportation, in consultation with 
DOE and the EPA, to implement, via rulemaking and regulations, ‘‘a commercial heavy-duty 
on-highway vehicle and work truck fuel efficiency improvement program’’ and to ‘‘adopt and 
implement appropriate test methods, measurement metrics, fuel economy standards, and 
compliance and enforcement protocols that are appropriate, cost-effective, and 
technologically feasible for commercial heavy-duty on-highway vehicles and work trucks.’’ 

Section 108 of the Act directed the Secretary of Transportation to execute an 
agreement with the National Academy of Sciences (NAS) to develop a report evaluating 
heavy-duty truck fuel economy standards.  The study included an assessment of technologies 
and costs to evaluate MD/HD vehicle fuel economy; an analysis of existing and potential 
technologies to improve such vehicles’ fuel economy; analysis of how the technologies may 
be integrated into the manufacturing process; assessment of how technologies may be used to 
meet fuel economy standards; and associated costs and other impacts on operation.  The NAS 
panel published this study, titled “Technologies and Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy-duty Vehicles” March 31, 2010.” 

This authority permits DOT to set ‘‘separate standards for different classes of vehicles.’’  The 
standards must provide at least 4 full model years of regulatory lead time and 3 full model 
years of regulatory stability.   

1.6.5 International GHG Emissions Activities

The international regulatory actions to reduce GHG emissions from heavy-duty trucks 
have been limited in scope.  Japan has been at the forefront of heavy-duty truck GHG 
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regulations while other nations, such as China and the European Union, are still in the 
development stage of potential regulatory programs for this sector. 

Japan introduced legislation which set the minimum fuel economy standards for new 
heavy-duty vehicles with Gross Vehicle Weight Rating (GVWR) of greater than 7,700 pounds 
beginning in 2015 model year.  

1.7 Trailers 

1.7.1 Overview

A trailer is a vehicle designed to haul cargo while being pulled by another powered 
motor vehicle.  It may be constructed to rest upon the tractor that tows it (a semi-trailer), or be 
constructed so no part of its weight rests on the tractor (a full trailer or a semitrailer equipped
with an auxiliary front axle called a “converter dolly.”)  The most common configuration of 
large freight trucks consists of a Class 7 or 8 tractor hauling one or more semi-trailers.  A 
truck in this configuration is called a “tractor-trailer.” The semi-trailer is attached to the 
tractor by a coupling consisting of a horseshoe-shaped coupling device called a fifth wheel on 
the rear of the towing vehicle, and a coupling pin (or king pin) on the front of the semi-trailer 
or converter dolly.  A tractor can also pull an ocean container mounted on an open-frame 
chassis, which when driven together on the road functions as a trailer. The Department of 
Transportation issues federal regulations that govern trailer length (separately or in 
combination), width, height, and weight, as well as trailer safety requirements (lights, 
reflective materials, bumpers, turn signals, tire and rim specifications, brakes, load-securing 
devices, tow balls, etc.)  The Truck Trailer Manufacturers Association, an industry trade 
group for manufacturers of Class 7 and 8 truck trailers, also provides technical bulletins 
covering many aspects of trailer manufacture. Each trailer, like any other road vehicle, must 
have a Vehicle Identification Number (VIN).

1.7.2 Trailer Types

There are numerous types of trailers hauled by Class 7 and 8 tractors that are designed 
to handle any freight transport need.  Dry box van trailers are enclosed trailers that can haul 
most types of mixed freight.  Despite their similar shape and purpose, box trailers can vary 
widely in size and configuration although most are commonly found in 28’, 48’, and 53’ 
lengths and 102” or 96” widths.  Drop floor trailers have a lowered floor, often seen in 
moving vans.  Other van trailers are curtain-sided with tarp or have roll up doors on the sides, 
as seen in beverage haulers.  Another type of specialty box trailer is the refrigerated van trailer 
(reefer).  This is an enclosed, insulated trailer that hauls temperature sensitive freight, with a 
transportation refrigeration unit (TRU) mounted in the front of the trailer powered by a small 
(9-36 hp) diesel engine.  Enclosed box trailers – whether dry van, reefer, curtainside, drop 
floor, or other configuration, can have different axle configurations (single axle, fixed tandem, 
sliding tandem, tag-along axle) and door types (roll up, side-by-side).  Figure 1-23 shows an 
example of a dry freight van semi-trailer with side-by-side doors. 
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Figure 1-23 Example Dry Box Van Trailer

Source: http://www.wabashnational.com/Images/popups/DuraPlatePop.jpg

Flatbed trailers are platform-type trailers which also come in different configurations 
from standard flatbed platform trailers to gooseneck and drop deck flatbeds which are built 
such that the trailer platform is lower to the ground than the hitch would normally allow.  
There are also a number of other specialized trailers such as grain trailers (with and without 
hoppers), dump trailers (frameless, framed, bottom dump, demolition), automobile hauler 
trailers (open or enclosed), livestock trailers (belly or straight), dry bulk and liquid tanker 
trailers, construction and heavy-hauling trailers (tilt bed, hydraulic), even trailers designed to 
travel on both highways and railroad tracks.  Figure 1-24 shows an example of a drop-deck 
platform trailer.

Figure 1-24 Example Drop-Deck Trailer

Source: http://www.transcraft.com/Transcraft/images/products/D-Eagle.jpg

The most common type of trailer in use today is the dry van trailer.  Table 1-8 shows 
the various trailer types and their share of the trucking market.  Despite considerable 
improvements in suspension, material, safety, durability, and other advancements, the basic 
shape of the van trailer has not changed much over the past decades, although its dimensions 
have increased incrementally from what used to be the industry’s standard length of 40’ to 
today’s standard 53’ long van trailer.  The van trailer’s boxy shape – while not particularly 
aerodynamic – is designed to maximize cargo volume hauling capacity, since the majority of 
freight shipped by truck cubes out (is volume-limited) before it grosses out (is weight-
limited).  EPA’s SmartWay program has demonstrated that adding aerodynamic features to 
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van trailer designs and the use of low rolling resistance tires can substantially reduce fuel 
consumption from tractor trailers. SmartWay verifies aerodynamic equipment and low 
rolling resistance tires for use on SmartWay-certified trailers, which can be new or retrofit.

Table 1-8 Trailer Types and Volumes (Source: ICCT Report)

Van, 55%

Van Refrigerated, 4%

Tagalong, 3%

Enclosed Tagalong, 2%

Container Chassis, 6%

Flatbed, 7%

Flatbed Drop Deck, 2%

Tank, 1%

Tank MC, 1%

Tank Pneumatic, 0%

Beverage, 0%

All other, 9%

1.7.3 Trailer Manufacturers

This diverse variety of van, platform, tanker and specialty trailers are produced by a 
large number of trailer manufacturers.  The twelve manufacturers with the largest overall 
North American output are: Utility Trailer Manufacturing, Great Dane Limited Partnership, 
Wabash National Corporation, Hyundai Translead, Timpte Inc., Wilson Trailer Company,
Stoughton Trailers, Heil Trailer International, Fontaine Trailer Company, MANAC, Vanguard 
National Trailer Corporation, and Polar Tank Trailer. Trailer manufacturing is still done 
mostly by hand, although the various trailer parts can be mass-produced and even shipped 
from abroad for assembly in the U.S.  Altogether, 30-some companies account for most of 
this industry’s manufacturing base, although there are dozens and dozens additional 
manufacturers producing for niche trailer markets.  Despite this variety, trailers are far less 
mechanically complex than are the trucks that haul them.  This low barrier to entry for trailer 
manufacturing accounts in part for the large numbers of trailer manufacturers.  Nearly half of 
all trailer manufacturers – including those that might be considered “large” in their industry 
segment -- meet SBA’s definition of a small business.
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The trailer industry was particularly hard hit by the recent recession.  Trailer 
manufacturers saw deep declines in new trailer sales of 46 percent in 2009; some trailer 
manufacturers saw sales drop as much as 71 percent.  This followed overall trailer industry 
declines of over 30 percent in 2008.  The 30 largest trailer manufacturers saw sales decline 
72% overall from their highest recent sales volumes, from 277,992 in 2006, to only 78,258 in 
2009. 49

1.7.4 Trailer Operations

  Several trailer manufacturers shut down entire production facilities and a few went 
out of business altogether.  Of the most common trailer types of trailers sold, refrigerated 
trailers were the least affected; platform trailers were the most affected.  As of mid-2010, the 
trailer industry has yet to recover from the devastating effects of the economic downturn. 

Trailers are the primary vehicle for moving freight in the United States.  Despite their 
significance to the goods movement industry and opportunities to improve fuel efficiency and 
reduce greenhouse gas emissions from trailer improvements, the broad diversity of the trailer 
industry and its end-user practices make this a challenging industry to address and engage.

Truck drivers and trucking fleets frequently do not control all or even any of the 
trailers that they haul.  Trailers can be owned by freight customers, large equipment leasing 
companies, third party logistics companies (3PLS), and even other trucking companies.  
Containers on chassis, which function as trailers, are rarely owned by truck operators.  Rather, 
they are owned or leased by ocean-going shipping companies, port authorities or others.  This 
distinction between who hauls the freight and who owns the equipment in which it is hauled 
means that truck owners and operators have limited ability to be selective about the trailers 
they carry, and very little incentive or ability to take steps to reduce the fuel use of trailers that 
they neither own or control. 

The ratio of the number of trailers in the fleet relative to the number of tractors in the 
legacy fleet is typically three-to-one.50

For refrigerated trailers, the story is slightly different.  These trailers are used more 
intensely and accumulate more annual miles than other trailers.  Over time, refrigerated 
trailers can also develop problems that interfere with their ability to keep freight temperature-
controlled.  For example, the insulating material inside a refrigerated trailer’s walls can 
gradually lose its thermal capabilities due to aging or damage from forklift punctures.  The 
door seals on a refrigerated trailer can also become damaged or loose with age, which greatly 
affects the insulation characteristics of the trailer, similar to how the door seal on a home 
refrigerator can reduce the efficiency of that appliance.  As a result of age-related problems 
and more intense usage,  refrigerated trailers tend to have shorter procurement cycles than dry 

  At any one time, two trailers are typically parked 
while one is on the road.  For certain private fleets, this ratio can be greater, as high as six-to-
one.  This means that on average a trailer will travel only one third of the miles travelled by a 
tractor.  Lower annual mileage combined with the less complex machinery of a trailer mean 
that trailers do not need to be purchased as frequently as the trucks that haul them.  The initial 
owner may keep a trailer for a decade or even longer; typically, the initial owner of a Class 7
or 8 tractor keeps his or her vehicle for three to six years.  Less frequent procurement cycles 
result in slower turnover of trailers in the in-use fleet, with many older trailers still in use.
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van trailers, which means a faster turnover rate, although still not nearly as fast as for trucks in 
their first use. 

1.8 Hybrids  

Following the trends in the lighter duty passenger vehicles, heavy-duty trucks are 
starting to look at hybrid vehicles to help optimize their performance and exhaust emissions. 
There are three primary hybrid designs that can be applied to heavy-duty trucks and vehicles 
including: hydraulic, electric, and ‘plug-in’ which are discussed in more detail below. 
Typically, trucks that have shorter or ‘stop and go’ type operations, such as utility (bucket) 
trucks, pickup and delivery, refuse, busses, and combination tractors, are the best candidates
for a hybrid vehicle. On average, the conventional annual sales for these truck types range 
from 10,000 – 150,000 units per year.  

Hydraulic hybrids use a combination of pumps, motors, and accumulators in 
conjunction with the diesel engine. The engine powers a hydraulic pump-motor, which 
charges a high-pressure accumulator, which in turn drives an additional pump-motor at the 
rear of the vehicle to provide propulsion. There are two main types of hydraulic hybrids, those 
that operate in parallel and those that operate in series. The parallel hydraulic vehicle has a 
conventional driveline that is supplemented by hybrid (also known as hydraulic launch assist).  
This type of vehicle is best suited for stop-and-go duty cycles such as refuse and bus. 

The series style hydraulic hybrid vehicle does not have a conventional driveline as it
is replaced by hybrid system; therefore, the transmission is removed.  This allows the engine 
to operate in a “sweet spot”, and to shut-off the engine when it is not needed.  These vehicle 
types have broader applications than the parallel hybrids, but their best benefit is still in stop-
and-go duty cycles. Typical applications for these hybrids include refuse, commercial 
construction, yard hostler, etc.

Electric hybrids operate by combining the traditional internal combustion engine with 
an electric propulsion system. There are several types of electric hybrid combinations within 
the heavy-duty fleet. Motive type blends diesel and electric power as demanded and operates 
in a parallel system. Motive & Auxiliary power type hybrid provides motive power from 
diesel and electric motors and provides electric auxiliary power to the vehicle. Dual Mode 
hybrid operates as a series hybrid at low speeds and parallel hybrid at higher speeds. Typical 
applications for electric hybrids include utility, bus, pickup and delivery, etc. 

The third type of HD hybrid design is a ‘plug-in’ which operates on the same principle 
as the electric hybrid only adds the capability to recharge the hybrid battery using an external 
power source. These trucks can use electric power for auxiliary system power and operations 
and can have range-extended batteries as they can switch propulsive power to the diesel 
engine when the battery runs low. Typical applications for this type of vehicle include utility 
(powering the grid), small pickup and delivery trucks, and shuttle buses.

There are many companies currently designing, demonstrating, and / or producing 
hybrid systems for the HD trucking industry, as well as industry associations such as Hybrid
Truck Users Forum (H-TUF), Next Energy Hydraulic Hybrid Working Group, and the 
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Electric Drive Transportation Association. By creating these vehicles for the HD industry, 
CO2

Today for hybrid trucks there are several incentive programs in place. The federal 
government has Federal Tax incentives, for purchasers to receive up to 40 percent of the 
incremental cost of the hybrid, dependent on the fuel economy improvement. Additionally, 
there are currently 13 states that have hybrid incentive programs, and some of the smaller 
localities also have incentive programs. Government funding through programs such as the 
National Clean Diesel Program, SmartWay, Clean Automotive Technology, and Clean Cities
is also available. 

, NOx, HC, and PM emissions will all be reduced, the vehicle’s overall noise will be 
reduced due to engine-off idling, and owners should notice a reduction in maintenance and 
operating costs as there is reduced usage of brakes and engine operating hours. 

As with any new technology, there are some issues that arise with hybrid technologies. 
For example the overall system cost is generally more than conventional power systems, and 
some of the battery technology (such as size, weight, cold weather operations, charging time, 
etc) is still relatively untested – and in some cases – unknown. Additionally, to maximize the 
efficiency of the vehicle, the hybrid technology needs to be properly matched to the 
applicable duty cycle, and the engines need to be properly optimized for the vehicle and its 
operation. 
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Chapter 2: Technologies, Cost, and Effectiveness
2.1 Overview of Technologies 
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2.2 Overview of Technology Cost Methodology

2.2.1 Markups to Address Indirect Costs 
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Table 2-1 Indirect Cost Multipliers Used in this Analysisa
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2.2.2 Learning Effects on Technology Costs 
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Table 2-2 Learning Effect Algorithms Applied to Technologies Used in this Analysis
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2.3 Heavy-Duty Pickup Truck and Van Technologies and Costs 

2.3.1 Gasoline Engines 

2.3.1.1 Low Friction Lubricants
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2.3.1.2 Engine Friction Reduction 

2.3.1.3 Coupled Cam Phasing (CCP)

2.3.1.4 Cylinder Deactivation (DEAC)
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2.3.1.5 Stoichiometric Gasoline Direct Injection (SGDI)
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2.3.2 Diesel Engines  

2.3.2.1 Low Friction Lubricants
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2.3.2.2 Engine Friction Reduction

2.3.2.3 Combustion and Fuel Injection System Optimization

2.3.2.4 Low Temperature Exhaust Gas Recirculation  
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x

x

2.3.2.5 Turbocharger Technology 

2.3.2.6 Reduction of Parasitic Loads 
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2.3.2.7 Improved Aftertreatment Efficiency and Effectiveness

2.3.3 Drive Train  

2.3.3.1 Improved Automatic Transmission Control (IATC) (Aggressive Shift Logic and 
Early Torque Converter Lockup)
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2.3.3.2 Aggressive Shift Logic 

2.3.3.3 Early Torque Converter Lockup

2.3.3.4 Automatic 6- and 8-Speed Transmissions
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2.3.3.5 Electric Power Steering/Electro-hydraulic Power Steering (EPS/EHPS)
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2.3.4 Aerodynamics 

2.3.5 Tires 

2.4 Heavy-Duty Engines 
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2.4.1 Spark Ignition Engines  

2.4.1.1 Baseline SI Engine CO2 and Fuel Consumption

2.4.1.2 Gasoline Engine Technologies 
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2.4.1.2.1 Engine Friction Reduction 

2.4.1.2.2 Coupled Cam Phasing

2.4.1.2.3 Cylinder Deactivation 
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2.4.1.2.4 Stoichiometric gasoline direct injection
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2.4.1.3 Derivation of Gasoline Engine Standard 

2.4.1.4 SI Engine Technology Cost

Table 2-3 Estimated 2016MY Costs for a Spark-Ignition HD Engine (2008 dollars)
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2.4.2 Diesel Engines  

2.4.2.1 Baseline Engines

Table 2-4: Baseline CO2 Performance (g/bhp-hr)

2.4.2.2 Combustion System Optimization
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2.4.2.3 Turbochargers
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2.4.2.4 Engine Parasitic and Friction Reduction
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2.4.2.5 Advanced Model Based Control

2.4.2.6 Integrated Aftertreatment System
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2.4.2.7 Electrification

2.4.2.8 Waste Heat Recovery
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2.4.2.9 2014 Model Year HHD Diesel Engine Package 

Table 2-5: Projected Percent CO2 Impact for SET Modes in 2014 Model Year
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Table 2-6 Technology and Package Costs for HHD Diesel Engines (2008$)

2.4.2.10 2014 Model Year LHD/MHD Diesel Engine Package 
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Table 2-7 Technology and Package Costs for MHD Diesel Engines (2008$)

Table 2-8 Technology and Package Costs for LHD Diesel Engines (2008$)

2.4.2.11 2014  Model Year Diesel Engine Standards 

Table 2-9: 2014 Model Year Proposed Standards (g CO2/bhp-hr)
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2.4.2.12 2017 Model Year HHDD Engine Package 

Table 2-10:  Projected CO2 Improvements for SET Modes in 2017 Model Year

2.4.2.13 2017 Model Year LHD/MHD Diesel Engine Package 
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2.4.2.14 2017 Model Year Diesel Engine Standards 

Table 2-11 2017 Model Year Proposed Standards (g CO2/bhp-hr)

2.5 Class 7/8 Day Cabs and Sleeper Cabs
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2.5.1 Aerodynamics 

2.5.1.1 Challenges of Tractor Aerodynamics
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2.5.1.2 Technology to Reduce Aerodynamic Drag

Table 2-12: Technologies to Address Aerodynamic Drag

2.5.1.3 Aerodynamics in the Current Fleet



Regulatory Impact Analysis  

2.5.1.4 Aerodynamic Bins
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Table 2-13: Tractor Cd Values 

Truck Expected Bin Source Frontal 
Area (m2

Cd
)

Class 8 Sleeper Cab High Roof
International ProStar SmartWay – 

Adv. 
SmartWay

ATDS35 9.8 0.54-0.56

NAS – Improved Tractor Adv. 
SmartWay

2010 NAS Report unknown 0.55-0.56

SmartWay Tractor SmartWay 2010 NAS Report unknown 0.59-0.60
Best Aero Truck SmartWay DDC Spec Manager 9.8 0.61
Full Aero SmartWay EPA PERE & 

MOVES Model
9.8 0.59

Roof Deflector Conventional EPA PERE & 
MOVES Model

9.8 0.65

International 9200i #1 Conventional TRC 9.8 0.71
International 9200i #2 Conventional NVFEL 9.8 0.70
CE-CERT Conventional EPA PERE &

MOVES Model
9.8 0.74

No Aero Feature Classic DDC Spec Manager 9.8 0.77
Baseline Truck Classic McCallen, 1999 9.8 0.77

Class 8 Day Cab High Roof
International ProStar SmartWay ATDS 9.8 0.58
Aero Features SmartWay SAE 2005-01-3512 9.8 0.61
Roof Fairing Only Conventional SAE 2005-01-3512 9.8 0.66

Class 8 Day Cab Low Roof
International ProStar Conventional 

- SmartWay
ATDS 6.0 0.78

Table 2-14: Coefficient of Drag Performance of the Aerodynamic Bins 

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low 
Roof

High 
Roof

Low Roof High 
Roof

Low 
Roof

Mid 
Roof

High 
Roof

Aerodynamics (Cd)

Frontal Area (m2 6.0) 9.8 6.0 9.8 6.0 7.7 9.8
Classic 0.85 0.75 0.85 0.75 0.85 0.80 0.75
Conventional 0.80 0.68 0.80 0.68 0.80 0.75 0.68
SmartWay 0.75 0.60 0.75 0.60 0.75 0.70 0.60
Advanced SmartWay 0.70 0.55 0.70 0.55 0.70 0.65 0.55
Advanced SmartWay 
II

0.65 0.50 0.65 0.50 0.65 0.60 0.50
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Table 2-15 Estimated Aerodynamic Technology Costs for Class 7 & 8 Day Cabs for the 2014MY (2008$)

Classic
Conventional
SmartWay
Advanced SmartWay
Advanced SmartWay II

Table 2-16 Estimated Aerodynamic Technology Costs for Class 8 Sleeper Cabs for the 2014My (2008$)

Classic
Conventional
SmartWay
Advanced SmartWay
Advanced SmartWay II

Table 2-17 Estimated Aerodynamic Technology Costs for Class 7 & 8 Day Cabs for the 2014MY Inclusive 
of Penetration Rates (2008$)

SmartWay
Advanced SmartWay

Table 2-18 Estimated Aerodynamic Technology Costs for Class 8 Sleeper Cabs for the 2014MY Inclusive 
of Penetration Rates (2008$)

SmartWay
Advanced SmartWay
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2.5.2 Tires  
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2.5.2.1 Single Wide Tires 
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2.5.2.2 Replacement Tires
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2.5.2.3 Retreaded Tires

2.5.2.4 Tire Rolling Resistance 
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Table 2-19 Tire Rolling Resistance

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low/
Mid 
Roof

High 
Roof

Low/Mid 
Roof

High 
Roof

Low 
Roof

Mid 
Roof

High 
Roof

Steer Tires (Crr kg/metric ton)
Baseline 7.8 7.8 7.8 7.8 7.8 7.8 7.8
SmartWay 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Advanced SmartWay 5.7 5.7 5.7 5.7 5.7 5.7 5.7

Drive Tires (Crr kg/metric ton)
Baseline 8.2 8.2 8.2 8.2 8.2 8.2 8.2
SmartWay 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Advanced SmartWay 6.0 6.0 6.0 6.0 6.0 6.0 6.0

2.5.3 Weight Reduction  
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e.g.
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2.5.3.1 Derivation of Weight Technology Packages 
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Table 2-20: Proposed Weight Reductions

Weight Reduction (lb)

Table 2-21 Estimated Weight Reduction Technology Costs for Class 7 & 8 Tractors for the 2014MY 
(2008$)
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2.5.4 Extended Idle 

2.5.4.1 Idle Control Technologies
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2.5.4.2 CO2 g/ton-mile Idle Reduction Benefit 
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Table 2-22: Idle Credit Calculation

2.5.5 Vehicle Speed Limiters  
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2.5.6 Automated Manual Transmission 
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2.5.7 Class 7-8 Tractor Baseline Assessment

Table 2-23 Class 7 and 9 Baseline Attributes

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low/Mid 
Roof

High Roof Low/Mid 
Roof

High Roof Low Roof Mid Roof High Roof

Aerodynamics (Cd)

Frontal Area (m2 6.0) 9.8 6.0 9.8 6.0 7.7 9.8
Baseline 0.81 0.69 0.81 0.69 0.81 0.76 0.69

Steer Tires (Crr kg/metric ton)
Baseline 7.8 7.8 7.8 7.8 7.8 7.8 7.8

Drive Tires (Crr kg/metric ton)
Baseline 8.2 8.2 8.2 8.2 8.2 8.2 8.2

Weight Reduction (lbs.)
Baseline 0 0 0 0 0 0 0

Extended Idle Reduction (gram CO2

Baseline
/ton-mile reduction)

N/A N/A N/A N/A 0 0 0
Vehicle Speed Limiter

Baseline -- -- -- -- -- -- --

2.5.8 Class 7-8 Tractor Standards Derivation 
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2.5.8.1 Technology Effectiveness

Table 2-24: GEM Inputs 

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low Roof High Roof Low Roof High Roof Low Roof Mid Roof High Roof
Aerodynamics (Cd)

Frontal Area (m2 6.0) 9.8 6.0 9.8 6.0 7.7 9.8
Classic 0.85 0.75 0.85 0.75 0.85 0.80 0.75
Conventional 0.80 0.68 0.80 0.68 0.80 0.75 0.68
SmartWay 0.75 0.60 0.75 0.60 0.75 0.70 0.60
Advanced SmartWay 0.70 0.55 0.70 0.55 0.70 0.65 0.55
Advanced SmartWay II 0.65 0.50 0.65 0.50 0.65 0.60 0.50

Steer Tires (Crr kg/metric ton)
Baseline 7.8 7.8 7.8 7.8 7.8 7.8 7.8
SmartWay 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Advanced SmartWay 5.7 5.7 5.7 5.7 5.7 5.7 5.7

Drive Tires (Crr kg/metric ton)
Baseline 8.2 8.2 8.2 8.2 8.2 8.2 8.2
SmartWay 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Advanced SmartWay 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Weight Reduction (lbs.)
Control 400 400 400 400 400 400 400

Extended Idle Reduction (gram CO2

Control
/ton-mile reduction)

N/A N/A N/A N/A 5 5 5 
Vehicle Speed Limiter

Control N/A N/A N/A N/A N/A N/A N/A
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2.5.8.2 Class 7-8 Tractor Application Rates 
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Table 2-25: Proposed Application Rates

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low/Mid 
Roof

High Roof Low/Mid 
Roof

High Roof Low Roof Mid Roof High Roof

Aerodynamics (Cd)

Classic 0% 0% 0% 0% 0% 10% 0%

Conventional 40% 30% 40% 30% 30% 20% 10%
SmartWay 50% 60% 50% 60% 60% 60% 70%
Advanced 
SmartWay

10% 10% 10% 10% 10% 10% 20%

Advanced 
SmartWay II

0% 0% 0% 0% 0% 0% 0%

Steer Tires (Crr kg/metric ton)
Baseline 40% 30% 40% 30% 30% 30% 10%
SmartWay 50% 60% 50% 60% 60% 60% 70%
Advanced 
SmartWay

10% 10% 10% 10% 10% 10% 20%

Drive Tires (Crr kg/metric ton)
Baseline 40% 30% 40% 30% 30% 30% 10%
SmartWay 50% 60% 50% 60% 60% 60% 70%
Advanced 
SmartWay

10% 10% 10% 10% 10% 10% 20%

Weight Reduction (lbs.)
Control 100% 100% 100% 100% 100% 100% 100%

Extended Idle Reduction (gram CO2

Control
/ton-mile reduction)

Not 
Applicable

Not 
Applicable

Not 
Applicable

Not 
Applicable

100% 100% 100%

Vehicle Speed Limiter
Control -- -- -- -- -- -- --
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Table 2-26 Inputs to the GEM model for Class 7/8 Standard Setting

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low/Mid 
Roof

High Roof Low/Mid 
Roof

High Roof Low Roof Mid Roof High Roof

Aerodynamics (Cd) 0.77 0.62 0.77 0.62 0.76 0.72 0.60
Steer Tire CRR 
(kg/metric ton)

6.99 6.87 6.99 6.87 6.87 6.87 6.54

Drive Tire CRR 
(kg/metric ton)

7.38 7.26 7.38 7.26 7.26 7.26 6.92

Weight Reduction (lbs.) 400 400 400 400 400 400 400
Extended Idle Reduction 
(g/ton-mile)

-- -- -- -- 5 5 5 

Vehicle Speed Limiter -- -- -- -- -- -- --
2014 MY Proposed Standard

Engine 2014 MY 
11L

2014 MY 
11L

2014 MY 
15L

2014 MY 
15L

2014 MY 
15L

2014 MY 
15L

2014 MY 
15L

2017 MY Proposed Standard
Engine 2017 MY 

11L
2017 MY  

11L
2017 MY 

15L
2017 MY 

15L
2017 MY 

15L
2017 MY 

15L
2017 MY 

15L

Table 2-27 Proposed Tractor Standards and Percent Reductions

Class 7 Class 8
Day Cab Day Cab Sleeper Cab

Low/Mid 
Roof

High Roof Low/Mid 
Roof

High Roof Low Roof Mid Roof High Roof

2014 Model Year
2014 MY Voluntary Fuel 
Consumption Standard 
(gallon/1000 ton-mile)

10.3 11.6 7.8 8.6 6.3 6.9 7.1

2014 MY CO2 Standard 
(grams CO2

104
/ton-mile)

118 79 87 65 70 73

Percent Reduction 6% 9% 6% 9% 15% 14% 18%
2017 Model Year

2017 MY Fuel 
Consumption Standard 
(gallon/1000 ton-mile)

10.1 11.4 7.7 8.5 6.3 6.8 7.0

2017 MY CO2 Standard 
(grams CO2

103
/ton-mile)

116 78 86 64 69 71

Percent Reduction 7% 11% 7% 10% 16% 15% 20%
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2.5.9 Class 7-8 Tractor Technology Costs

Table 2-28 Estimated Class 7-8 Tractor Technology Costs, Inclusive of Markups and Penetration Rates, 
Applicable in the 2014MY (2008 dollars)

Aerodynamics 

Steer Tires 

Drive Tires 

Weight Reduction 

Extended Idle Reduction

Vehicle Speed Limiter

2.6 Class 2b-8 Vocational Vehicles

2.6.1 Tires  
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Table 2-29 Estimated Costs for Low Rolling Resistance Tires on Vocational Vehicles in the 2014MY 
(2008$)

2.6.2 Other Evaluated Technologies 

2.6.2.1 Aerodynamics  

2.6.2.2 Hybrid Powertrains 
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2.6.2.3 EPA Testing of a Hybrid Transit Bus 
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Figure 2-1 Hybrid and Conventional Bus Fuel Economy (mpg)

Fuel Economy vs Route
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Figure 2-2 Hybrid and Conventional Bus CO2

CO2 Emissions vs Route
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Figure 2-3 Hybrid and Conventional Bus CO2
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Figure 2-4 Hybrid and Conventional Bus CO2
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Figure 2-5 Hybrid and Conventional Bus Operating Map Comparison
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Table 2-30 Hybrid Powertrain Benefit
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2.6.2.4 Transmission and Driveline  

2.7 Air Conditioning

2.7.1 Refrigerant Leakage 
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- Annual Percentage Loss = Yearly Leak Rate / Refrigerant Capacity
- 53 vehicles in data set (2010 model year only)
- System refrigerant capacity ranges from 810 g (Chevrolet Express)
to 1531 g (Ford E-Series w/dual evaporators)

- Yearly % leak rate ranges from 0.78%/yr (Chevrolet Express) to
2.77%/yr (Toyota Land Cruiser w/dual evaporator and coolbox)

Median = 1.44 %/yr
Average = 1.60 %/yr

Figure 2-6 Distribution of Percentage Refrigerant Loss Per Year - Vehicles in Upper Quartile of A/C 
System Refrigerant Capacity (from 2010 Minnesota Reporting Data).
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2.7.2 System Efficiency 

2.8 Trailers and GHG Emission Reduction Opportunities
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2.8.1 Current Trailer Fleet  
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Table 2-31: Composition of Current Heavy-Duty Trailer Fleet

2.8.2 Trailer Technologies to Reduce GHG Emissions  

2.8.2.1 Trailer Aerodynamics 



Regulatory Impact Analysis  

Table 2-32: Trailer Technologies to Address Aerodynamic Drag

Table 2-33 Trailer Technologies Incremental Costs
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2.8.2.2 Tires – Single Wide and Low Rolling Resistance  

2.8.2.3 Trailer Weight Reduction
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Table 2-34 Trailer Lightweighting Incremental Costs

2.8.2.4 Opportunities in Refrigerated Trailers 

2.9 Other Fuel Consumption and GHG Reducing Strategies

2.9.1 Auxiliaries  
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Electric power steering (EPS)

Electric water pumps and electric fans

High efficiency alternators

If electric power is not available
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2.9.2 Driver training  
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Technologies and Approaches to Reducing the Fuel Consumption of 
Medium and Heavy-Duty Vehicles

2.9.3 Automatic Tire inflation and Tire Pressure Monitoring System 
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2.9.4  Engine Features  

2.9.5 Logistics 
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2.9.6 Longer Combination Vehicles, Weight Increase 
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2.9.7 Traffic Congestion Mitigation  
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2.10 Summary of Technology Costs Used in this Analysis
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Chapter 3: Test Procedures

3.1 Heavy-Duty Engine Test Procedure

3.1.1 Existing Regulation Reference  
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3.1.2 Engine Dynamometer Test Procedure Modifications 

3.1.2.1 Fuel Consumption Calculation 

3.1.2.2 N2O Measurement

3.1.2.3 CO2 Measurement Variability

Table 3-1
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Table 3-1: Summary of CO2

ENGINE

Measurement Variability

AFTERTREATMENT TEST SITE TEST # OF  
TESTS

CoV (%)

Same Engine – Same Test Cell – Different Days

Same Engine – Different Test Cells – Different Days

3.1.2.4 Regeneration Impact on CO2  
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3.1.2.5 Fuel Heating Value Correction

3.1.2.6 Multiple Fuel Maps  

3.1.3 Engine Family Definition and Test Engine Selection

3.1.3.1 Criteria for Engine Families



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Test Procedures

3.1.3.2 Emissions Test Engine

3.2 Aerodynamic Assessment

3.2.1 Standardized Trailer Definition
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3.2.2 Aerodynamic Assessment

3.2.2.1 Coastdown Testing

via

3.2.2.1.1 Overview of SAE J2263 
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3.2.2.1.2 Proposed Modifications to SAE J2263  
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o

o

o

o

o

o
o
o E

o

o

3.2.2.1.3 Mixed Model Analysis with SAS  
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Equation 1 
dir i idirmeasr

idir

diri
idirmeasrir V

V
n

VV

Equation 2 
dir i

idirmeas
diri

imeasi Y
n

YY

Equation 3 
ds
dhMgYaYaYaYaaDVVCVBA

dt
dVM rmmme

a1 a3 a4

a0=1 
D
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Equation 4 

Equation 5 

YaDVVCVBA
dt
dVM rmmme

YEVDVVCVBA
dt
dVM rrmmme D

Ea

Equation 6 rmmme DVVCVBA
dt
dVM

Equation 7 YEVDVVBA
dt
dVM rrmme

Equation 8 rmme DVVBA
dt
dVM

Equation 9 YEVDVA
dt
dVM rrme

Equation 10 rme DVA
dt
dVM

3.2.2.1.4 Use of the Data for Modeling  

Bm Cm

B

E

m
Bm
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Table 3-2 – Mixed Model MM4 Shows No Significant Road Load Linear with Vehicle Speed.

Date Truck configuration
(tractor_trailer_payload) Am

% Std 
err  [lb] 

Sig 
from 
zero?

Bm Std err[lb/mph]

Sig 
from 
zero?

D
[lb/mph2

%
Std 
err]

Sig 
from 
zero?

5-Aug-09 FL60_N/A_full 153.8 7.75% Yes 0.165 497.00% No 0.143 9.64
% Yes

6-Aug-09 FL60_N/A_full 137.7 5.24% Yes 1.105 41.42% Yes 0.127 5.86
% Yes

1-Sep-09 Int’l_flatbed_full 490.5 10.94% Yes -2.070 -177.70% No 0.233 25.8
7% Yes

2-Sep-09 Int’l_flatbed_full 483.3 7.69% Yes -2.065 -122.70% No 0.237 17.9
9% Yes

3-Sep-09 Int’l_flatbed_full 551.5 7.76% Yes -6.123 -47.40% No 0.291 16.5
5% Yes

18-Sep-09 Int’l_flatbed_half 372.2 9.72% Yes -1.979 -127.80% No 0.244 17.3
8% Yes

23-Sep-09 Int’l_flatbed_empty 226.3 9.38% Yes 1.153 119.90% No 0.174 12.2
7% Yes

24-Sep-09 Int’l_box_full 521.5 6.51% Yes -3.480 -63.15% No 0.248 14.1
1% Yes

25-Sep-09 Int’l_box_full 495.7 8.47% Yes -1.149 -238.00% No 0.208 21.0
4% Yes

Am D

Am D
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Table 3-3 – Mixed Model MM6 Shows the Most Confident Estimates of A and D.

Date Truck configuration Am A[N] m % Std error[lb] D [N/(m/s)2 D [lb/mph] 2 % Std error]

5-Aug-09 FL60_N/A_full 693.9 156.0 3.81% 3.24 0.145 2.05%

6-Aug-09 FL60_N/A_full 676.8 152.2 2.63% 3.23 0.145 1.13%

1-Sep-09 Int’l_flatbed_full 2060.3 463.2 4.85% 4.45 0.200 6.08%

2-Sep-09 Int’l_flatbed_full 2030.6 456.5 3.71% 4.51 0.203 4.59%

3-Sep-09 Int’l_flatbed_full 2093.6 470.7 3.89% 4.25 0.191 5.55%

18-Sep-09 Int’l_flatbed_half 1539.8 346.2 3.92% 4.71 0.212 4.09%

23-Sep-09 Int’l_flatbed_empty 1076.2 242.0 4.53% 4.27 0.192 2.39%

24-Sep-09 Int’l_box_full 2119.1 476.4 3.87% 4.32 0.194 4.06%

25-Sep-09 Int’l_box_full 2136.5 480.3 4.12% 4.23 0.190 4.88%

Equation 11 VAcMg
dt
dVM De

Equation 12
Mg
Am

A
DcD Equation 13

Am cd D
Bm Cm
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Cd

Rolling Resistance Coefficient

Equation 14 trailertrailerdrivedrivesteersteer MMM
M

Figure 3-1 – Coastdown-Determined and Independent Lab Rolling Resistance Coefficients Match Reasonably 
Well.
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Drag Coefficient

Figure 3-2 – Drag Coefficient Calculated from D from Mixed Model
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3.2.2.2 Wind Tunnel Testing

3.2.2.3 Computational Fluid Dynamics
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3.2.2.4 Aerodynamic Assessment Proposal
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Table 3-4: Aerodynamic Input Definitions to GEM
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Cd

Cd

Cd

3.3 Tire Rolling Resistance

3.3.1 Reason for Using ISO 28580 



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Test Procedures

3.3.2 Measurement Method and Results

3.3.3 Sample Size
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3.4 Drive Cycle 

3.4.1 Drive Cycles Considered
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3.4.2 Proposed Drive Cycles

3.4.3 Weightings of Each Cycle per Regulatory Subcategory
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Table 3-5: Combination Tractor Drive Cycle Weighting

Table 3-6: Vocational Vehicle Drive Cycle Weighting
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Table 3-7: Drive Cycle Mode Weightings

3.5 Tare Weights and Payload

3.5.1 Truck Tare Weights
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Table 3-8: Tractor Tare Weights

MODEL TYPE CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 7 CLASS 7
Regulatory 

Subcategory
Sleeper Cab 
High Roof

Sleeper Cab 
Mid Roof

Sleeper Cab 
Low Roof

Day Cab 
High Roof

Day Cab  
Low Roof

Day Cab 
High Roof

Day Cab 
Low Roof

Tractor Tare 
Weight (lbs) 19,000 18,750 18,500 17,500 17,000 11,500 11,000

3.5.2 Trailer Tare Weights

3.5.3 Payload 
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Table 3-9: National Average Payload (lbs.) per Distance Travelled and Gross Vehicle Weight Group (VIUS)25

3.5.4 Total Weight 
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Table 3-10: Combination Tractor Total weight

MODEL TYPE CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 7 CLASS 7
Regulatory 

Subcategory
Sleeper Cab 
High Roof

Sleeper Cab 
Mid Roof

Sleeper Cab 
Low Roof

Day Cab 
High Roof

Day Cab  
Low Roof

Day Cab 
High Roof

Day Cab 
Low Roof

Tractor Tare
Weight (lbs) 19,000 18,750 18,500 17,500 17,000 11,500 11,000

Trailer Weight 
(lbs) 13,500 10,000 10,500 13,500 10,500 13,500 10,500

Payload (lbs) 38,000 38,000 38,000 38,000 38,000 25,000 25,000
Total Weight (lbs) 70,500 66,750 67,000 69,000 65,500 50,000 46,500

Table 3-11: Vocational Vehicle Total Weights

REGULATORY 
SUBCATEGORY

LIGHT 
HEAVY

MEDIUM 
HEAVY

HEAVY
HEAVY

Truck Tare 
Weight (lbs) 10,300 13,950 29,000

Payload (lbs) 5,700 11,200 38,000
Total Weight (lbs) 16,000 25,150 67,000

3.6 Heavy-Duty Chassis Test Procedure
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Table 3-12 Coefficients of Variation Reported for Chassis Dynamometer Tests Conducted Using the 
SmartWay Test Procedure.

METHOD OF 
EMISSIONS 
MEASUREMENT

TEST CELL PEMS GRAVIMETRIC

Truck number 29 555 598 29 555 598 29 555 598
UCT 12.7% 6.2% 1.6% 1.8% 0.8% 2.2% 3.9% 2.2% 2.0%
LSC 2.0% 3.9% 1.4% 1.2% 0.3% 0.7% 2.1% 3.7% 0.7%
HSC 1.3% 4.5% 1.0% 0.6% 0.5% 0.5% 1.7% 0.6% 1.2%
Coefficient of variation is the standard deviation of the test replicates divided by the mean of the test replicates.
UCT – Urban Creep and Transient duty cycle
LSC -- Low Speed Cruise duty cycle
HSC -- High Speed Cruise duty cycle

3.7 Hybrid Powertrain Test Procedures
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Figure 3-3 Example of A to B Testing for Chassis or Powertrain Dynamometers

Conventional Vehicle Hybrid Vehicle

Curb wt:  21k lbs

Payload:  1k lbs

Test wt: 22k lbs

Coastdown Wt:  22k lbs

GVWR:  33k lbs

Curb wt:  22k lbs

Payload:  1k lbs

Test wt: 23k lbs

Coastdown Wt:  23k lbs

GVWR:  33k lbs

A Test B Test
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3.7.1 Chassis Dynamometer Evaluation 

3.7.1.1 Chassis Dynamometer Drive Cycles
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Table 3-13 Utility Truck PTO Operation
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Table 3-14: Proposed PTO Cycle
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Table 3-15: Proposed Drive Cycle Weightings for Hybrid Vehicles

3.7.2 Engine Dynamometer Evaluation 
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Figure 3-4 Pre-Transmission Parallel Hybrid Power Pack Test Configuration

Source:  Cummins Incorporated’s  White Paper: Regulation of emissions from commercial hybrid vehicles, August 9, 2010
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Figure 3-5 Hardware-in-the-Loop Post-Transmission Powerpack Test Configuration

Source:  Eaton Presentation to EPA, September 15, 2010

3.8 HD Pickup Truck and Van Chassis Test Procedure

3.8.1 LHD UDDS and HWFE Testing
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3.8.2 LHD UDDS and HWFE Hybrid Testing

3.8.2.1 Charge Depleting Operation – FTP or “City” Test and HFET or “Highway” 
Test
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3.8.2.2 Hybrid Charge Sustaining Operation – FTP or “City” Test and HFET or 
“Highway” Test 
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References

Road Load Measurement Using Onboard Anemometry and Coastdown 
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Chapter 4: Vehicle Simulation Model
4.1 Purpose and Scope 

4.1.1 Methods to Assess a Truck’s Greenhouse Gas Emissions 

4.1.2 Proposal to Use Simulation Model to Certify Vocational Trucks and 
Combination Tractors 

4.1.3 Chapter Overview 
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4.2 Model Code Description  

4.2.1 Engineering Foundations of Model

4.2.2 Vehicle Model Architecture   

Table 4-1: Vehicle Model Architecture

System Component Models
Ambient none
Driver none
Electric Starter; Electrical Energy System; Alternator; Accessory (electrical)
Engine Cylinder; Accessory (mechanical)
Transmission Clutch; Gearbox
Vehicle Chassis; Final Drive 

Starter, Electrical Energy System,
Alternator, and Electrical Accessory
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Cylinder and Mechanical Accessory

via

Clutch  Gearbox

Chassis and Final Drive
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4.2.3 Capability, Features, and Computer Resources

4.3 Feasibility of Using a Model to Simulate Testing 

4.3.1 Procedure for Model Validation
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4.3.2 Validation of EPA and NHTSA Vehicle Compliance Model  
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Table 4-2: Truck 555 Tractor and Engine Specifications

Tractor / Model International Prostar 
Year Model 2008
Type High Roof Sleeper 
Engine OEM Cummins ISX 
Engine Family 7CEXHO912XAK 
Displacement 15 liters 
Horsepower Rating 408 @ 1,800 RPM 
Final Drive 2.64
Transmission Model Fuller FR15210B 
Transmission Type 10 speed manual 
Steer Axle Tires Michelin XZA3 
Tire Size 275 / 80 / 22.5 
Front Rims / make Accuride DOT T 
Drive Axle Tires Michelin XDA Energy 
Tire Size 275 / 80 / 22.5 
Drive Rims / Make Accuride DOT T

Table 4-3: Fuel Economy (mpg) Comparison between Test Data and GEM Simulation Results 

Cycles ProStar @ SwRI 
(Chassis Test ) GEM Difference

Transient 3.51 3.51 0.0% 
65 mph 6.98 6.82 2.3% 
55 mph 8.35 8.05 3.6%

Table 4-4: Fuel Economy (mpg) Comparison between GT-Drive and GEM Simulation Results

Cycles GT-Drive GEM Difference
Transient 3.51 3.51 0.0%
65 mph 6.82 6.82 0.0% 
55 mph 8.13 8.05 1.0% 



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Vehicle Simulation Model

4.4 EPA and NHTSA Vehicle Compliance Model

4.4.1 Vehicle Model for 2014 MY Time Frame 
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Table 4-5: Drive Cycle Weightings

DRIVE CYCLES & 
WEIGHTINGS: SLEEPER CAB DAY CAB VOCATIONAL 

TRUCK
Transient 5% 19% 42%

55 mph Cruise 9% 17% 21%
65 mph Cruise 86% 64% 37%

Figure 4-1: Graphical User Interface (GUI)
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4.4.2 Standardized Model with Same Default Input Parameters for Each Truck 
Subcategory

4.4.3 List of Required Truck-Specific Input Parameters for Class 7/8 
Combination Tractor Models 
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4.4.4 List of Required Truck-Specific Input Parameters for Class 2b-8
Vocational Vehicle Models 

4.4.5 List of Default Input Parameters for Class 7/8 Combination Truck Models  
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Table 4-6: Combination Truck Modeling Input Parameters

MODEL TYPE CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 8 CLASS 7 CLASS 7
Regulatory 

Subcategory
Sleeper Cab 
High Roof

Sleeper Cab 
Mid Roof

Sleeper Cab 
Low Roof

Day Cab 
High Roof

Day Cab  
Low/Mid Roof

Day Cab 
High Roof

Day Cab 
Low/Mid Roof

Fuel Map 15L - 455 HP 11L - 350 HP

Gearbox 10 speed 
Manual

10 speed 
Manual

10 speed 
Manual

10 speed 
Manual

10 speed 
Manual

10 speed 
Manual

10 speed 
Manual

Gearbox Ratio 14.8, 10.95, 8.09, 5.97, 4.46, 3.32, 2.45, 1.81, 1.35, 1
11.06, 8.19, 6.05, 4.46, 
3.34, 2.48, 1.83, 1.36, 1, 

0.75
Gearbox 
Efficiency 0.96 0.96 0.96 0.96 0.98 0.98 0.98 0.98 0.98 0.98 0.96 0.96 0.96 0.96 0.98 

0.98 0.98 0.98 0.98 0.98
Engine Inertia 

(kg-m2 4.17) 4.17 4.17 4.17 4.17 3.36 3.36

Transmission 
Inertia  (kg-m2 0.2) 0.2 0.2 0.2 0.2 0.2 0.2

All Axle Inertia  
(kg-m2 300) 300 300 300 300 240 240

Loaded Tire 
Radius (m) 0.4892 0.4892 0.4892 0.4892 0.4892 0.4892 0.4892

Body Mass (kg) 14742 13041 13154 14061 12474 11340 9752

Cargo Mass (kg) 17236 17236 17236 17236 17236 11340 11340

Total weight (kg) 31978 30277 30391 31298 29710 22680 21092

Total weight (lbs) 70500 66750 67000 69000 65500 50000 46500

Frontal Area (m2 9.8) 7.7 6 9.8 6 9.8 6 

Drag Coefficient OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input

Axle Base 5 5 5 5 5 4 4 
Electrical 

Accessory Power 
(W)

360 360 360 360 360 360 360

Mechanical 
Accessory Power 

(W)
1000 1000 1000 1000 1000 1000 1000

Final Drive Ratio 2.64 2.64 2.64 2.64 2.64 3.73 3.73

Tire CRR
(kg/ton) = 0.425 × Trailer CRR + 0.425 × Drive CRR + 0.15 × Steer CRR

Trailer Tire CRR
(kg/ton) 6 6 6 6 6 6 6 

Steer Tire CRR OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input

Drive Tire CRR OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input
Vehicle Speed 

Limiter OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input OEM Input
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via
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Table 4-7: A Small Subset of Fuel Map Input

SET
MODE

SPEED 
(RPM)

TORQUE 
(NM)

FUEL RATE 
(g/s)

Idle 600 0 0.04
A100 1233 2100 14.77
B50 1514 1040 9.36
B75 1514 1559 13.72
A50 1233 1050 7.43
A75 1233 1575 10.78
A25 1233 525 4.26

B100 1514 2079 18.38
B25 1514 520 5.68

C100 1796 1805 19.71
C25 1796 451 6.94
C75 1796 1354 14.86
C50 1796 903 10.48

Figure 4-2: Fueling Rate (g/s) as a Function of Engine Torque and Speed for a Combination Tractor
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Figure 4-3: Class 8 Engine BSFC Map

4.4.6 List of Default Input Parameters for Class 2b-8 Vocational Vehicle Models  
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9.01, 5.27, 3.22, 2.04, 1.36, 1
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Table 4-8 Vocational Truck Modeling Input Parameters

Model Type Heavy Heavy-Duty Medium Heavy-Duty Light Heavy-Duty

Regulatory 
Subcategory

Vocation Truck
(Class 8)

Vocation Truck
(Class 6-7)

Vocation Truck
(Class 2b-5)

Fuel Map 15L - 455 HP 7L - 270 HP 7L - 200 HP

Gearbox 10 speed Manual 6 speed Manual 6 speed Manual

Gearbox Ratio 14.8, 10.95, 8.09, 5.97, 4.46, 
3.32, 2.45, 1.81, 1.35, 1

9.01, 5.27, 3.22,
2.04, 1.36, 1 

9.01, 5.27, 3.22,
2.04, 1.36, 1 

Gearbox Efficiency 0.96 0.96 0.96 0.96 0.98 
0.98 0.98 0.98 0.98 0.98

0.92 0.92 0.93 0.95 
0.95 0.95

0.92 0.92 0.93 0.95 
0.95 0.95

Engine Inertia (kg-m2 4.17) 2.79 2.79

Transmission Inertia
(kg-m2

0.2
)

0.1 0.1

All Axle Inertia  (kg-m2 168) 90 90

Loaded Tire Radius (m) 0.4892 0.395 0.381

Body Mass (kg) 13154 6328 4672

Cargo Mass (kg) 17236 5080 2585

Total weight (kg) 30391 11408 7257

Total weight (lbs) 67000 25150 16000

Frontal Area (m2 9.8) 9 9 

Drag Coefficient 0.7 0.6 0.6

Axle Base 3 2 2

Electrical Accessory 
Power (W)

360 360 360

Mechanical Accessory 
Power (W)

1000 1000 1000

Final Drive Ratio 2.64 3.36 3.25

Tire CRR
(kg/ton) = 0.5 × Drive CRR + 0.5 × Steer CRR

Trailer Tire CRR
(kg/ton)

Not applicable Not applicable Not applicable

Steer Tire CRR OEM Input OEM Input OEM Input

Drive Tire CRR OEM Input OEM Input OEM Input
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Figure 4-4: Fueling Rate (g/s) as a Function of Engine Torque and Speed for a Vocational Truck

4.5 Application of Model for Certification 

4.5.1 Class 7/8 Combination Tractors – Use One of Seven Applicable 
Combination Truck Models 
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Table 4-9: Examples of Extended Idle Reduction Technologies  

Automatic Engine Shutoff Only
Auxiliary Power Unit + Shutoff

Fuel Operated Heater + Shutoff
Thermal Storage Unit + Shutoff

Battery Air Conditioner + Shutoff
Truck Stop Electrification + Shutoff

4.5.2 Class 2b-8 Vocational Vehicles – Use One of Three Applicable Vocational 
Truck Models  
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CHAPTER: 5 Emissions Impacts 
5.1 Executive Summary
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Table 5-1 Impacts of Program on Non-GHG Emissions (Short Tons per year)

5.2 Introduction

5.2.1 Scope of Analysis 

5.2.2 Downstream Contributions 
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5.2.3 Upstream Contributions  

5.2.4 Global Warming Potentials 
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Table 5-2 Global Warming Potentials for the Inventory GHGs

GAS GLOBAL WARMING 
POTENTIAL

(CO2 Equivalent)

5.3 Program Analysis and Modeling Methods

5.3.1 Models Used 
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5.3.2 Calculation of Downstream Emissions 
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Table 5-3 Estimated Emission Rates of non-GHG Pollutants from APUs

5.3.2.2.1 Emission Rate and Road Load Inputs

Table 5-4



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Emissions Inventory

Table 5-4 Estimated Reductions in Engine CO2 Emission Rates from this Proposal

Table 5-5 Estimated Reductions in Rolling Resistance and Aerodynamic Drag Coefficients from Reference 
Case for Alternative 6 (Model Years 2014 and Later) 
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8.1.2 Environmental Effects Associated with Exposure to Non-GHG Pollutants 
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Figure 8-2 

8.1.2.1.1 Visibility Monitoring

Mandatory Class I Federal Areas in the U.S.
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Figure 8-3 Ozone Injury to Forest Plants in U.S. by EPA Regions, 2002ab

8.1.2.2.1.1 Indicator Limitations
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8.1.2.4.2 Deposition of Heavy Metals 
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Figure 8-4 CMAQ 12-km Eastern and Western US Modeling Domains
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8.3 Quantified and Monetized Non-GHG Health and Environmental 
Impacts  

8.3.1 Human Health and Environmental Impacts 
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Table 8-2

ENDPOINT POLLUTANT STUDY STUDY POPULATION

Premature Mortality

Chronic Illness
259

260

Hospital Admissions 

267

268

269
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ENDPOINT POLLUTANT STUDY STUDY POPULATION

272

Other Health Endpoints
273

274

275

277

278

281

Estimating the Public Health Benefits 
of Proposed Air Pollution Regulations

8.3.2 Monetized Impacts

Table 8-3
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Valuation
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8.4 Changes in Atmospheric CO2

8.4.1 Introduction 

Concentrations, Global Mean 
Temperature, Sea Level Rise, and Ocean pH Associated with the 
Proposal’s GHG Emissions Reductions  
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Climate Change 2007 - The Physical Science Basis, 
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Figure 8-5  Estimated Projected Reductions in Atmospheric CO2 Concentrations (parts per million by 
volume) from Baseline for the Proposed Heavy-Duty Rule (climate sensitivity (CS) cases ranging from 1.5-

6°C)
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Proposed Heavy-Duty Rule (climate sensitivity (CS) cases ranging from 1.5-6°C)
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8.4.3 Estimated Projected Change in Ocean pH 
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3.0

8.4.4 Summary of Climate Analyses   
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Table 8-6 

Atmospheric CO2
Concentration
Global Mean Surface 
Temperature
Sea Level Rise
Ocean pH

8.5 Monetized CO2 Impacts
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Table 8-7 Social Cost of CO2, 2010 – 2050a

Year

(in 2008 dollars)

Discount Rate and Statistic

5% Average 3% Average 2.5% Average 3% 
95th

2010
percentile

2015
2020
2025
2030
2035
2040
2045
2050

Table 8-8 Upstream and Downstream CO2 Benefits for the Given SCC Value, Calendar Year Analysisa

(Millions of 2008 dollars) 
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Table 8-9 Upstream and Downstream CO2 Benefits for the 5% (Average SCC) Value, Model Year Analysisa

(Millions of 2008 dollars)
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Analysisa (Millions of 2008 dollars)
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9.2 Rebound Effect
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Figure 9-1 Average Truck Operating Costs

9.2.1 Factors Affecting the Magnitude of the Rebound Effect 
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9.2.2 Options for Quantifying the Rebound Effect 
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9.2.2.3 Econometric Estimates 

9.2.2.4 Other Modeling Approaches

9.2.3 Estimates of the Rebound Effect



Chapter 9: Other Economic and Social Impacts



Draft Regulatory Impact Analysis   
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Highway Statistics
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9.3 Other Economic Impacts

9.3.1 Noise, Congestion, and Accidents
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Table 9-3 Low-Mid-High Cost Estimates ($/mile)

High Middle Low

Accidents
High Middle Low

Congestion
High Middle Low

Table 9-4 Combined Costs of Congestion, Accidents and Noise (2008$ per mile) 
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Table 9-5: Annual External Costs Associated with the Heavy-Duty Vehicle Proposal (Millions of 2008 dollars)

9.3.2 Savings due to Reduced Refueling Time 
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Table 9-6: Inputs to Calculate Refueling Time Savings

Table 9-7: Lifetime Refueling Savings for a 2018MY Truck of Each Type (2008$)

Table 9-8 Annual Refueling Savings (dollar values in Millions of 2008 dollars)

9.4 The Effect of Safety Standards and Voluntary Safety Improvements on Vehicle 
Weight 
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9.4.1 Weight Impacts of Required Safety Standards  

9.4.1.1 FMVSS 119, Heavy Truck Tires Endurance and High Speed Tests 

9.4.1.2  FMVSS No. 121, Airbrake Systems Stopping Distance 
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9.4.1.3 FMVSS No. 208, Motor coach Lap/Shoulder Belts 

9.4.2  Electronic Stability Control Systems (ESC) for Medium- and Heavy-Duty 
(MD/HD) Vehicles
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9.4.3 Summary – Overview of Anticipated Weight Increases 

Table 9-9 Weight Additions Due to Final Rules or Likely NHTSA Regulations: Comparing MY 2016 to the 
MY 2010 Baseline Fleet

9.4.4 Effects of Vehicle Mass Reduction on Safety 
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9.5 Petroleum and energy security impacts

9.5.1 Impact on U.S. Petroleum Imports

9.5.2 Background on U.S. Energy Security
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U.S. Expenditures on Crude Oil
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Figure 9-3: U.S. Expenditures on Crude Oil from 1970 through 2008F

9.5.2.1 Methodology Used to Estimate U.S. Energy Security Benefits 

The Energy Security Benefits of Reduced Oil Use, 2006-2015
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Oil Imports: An Assessment of Benefits and 
Costs.

i.e.

i.e.

i.e., 
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i.e.

Table 9-10

(2008$/Barrel)

YEAR MONOPSONY
(RANGE)

MACROECONOMIC 
DISRUPTION/ADJUSTMENT

COSTS
(RANGE)

TOTAL MID-POINT
(RANGE)

9.5.2.2 Effect of Oil Use on Long-Run Oil Price, U.S. Import Costs, and 
Economic Output
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9.5.2.3 Short-Run Disruption Premium from Expected Costs of Sudden Supply 
Disruptions   

9.5.2.3.1 Macroeconomic Disruption Adjustment Costs   
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9.5.2.3.2 Cost of Existing U.S. Energy Security Policies    

9.5.2.4  Modifications to Analysis Based Upon Peer Reviewer Comments   
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Table 9-11 Summary Results – Oil Import Premium Under Various Cases

($2007/BBL)
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9.5.2.5 The Impact of Fuel Savings on U.S. Petroleum Imports

Table 9-12

(in MMBD)

Table 9-13

(in MMBD)
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9.5.2.6 Energy Security Benefits of this Proposed Program   

Table 9-14

(in millions of $2008) 

9.6 Summary of Benefits and Costs

Table 9-15 Estimated Monetized Costs of the Proposed Program (Millions of 2008 dollars)a
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Table 9-16 Monetized Benefits Associated with the Proposed Program (Millions of 2008 dollars) 

a

b
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Table 9-17 Monetized Net Benefits Associated with the Proposed Program (Millions of 2008 dollars)

Table 9-18 Monetized Costs, Benefits, and Net Benefits Associated with the Lifetimes of 2014-2018 Model 
Year Trucks (Millions of 2008 dollars; 3% Discount Rate)



Draft Regulatory Impact Analysis   

Table 9-19 Monetized Costs, Benefits, and Net Benefits Associated with the Lifetimes of 2014-2018 Model 
Year Trucks (Millions of 2008 dollars; 7% Discount Rate)
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An Analysis of the Operational Costs of Trucking

,

http://www.its.ucdavis.edu/events/2009book/Chapter13.pdf

Journal of the Air & Waste 
Management Association

Reducing Heavy-Duty Long Haul Truck Fuel Consumption and CO2 Emissions, 

Federal Highway Cost Allocation Study see
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See Federal Highway Cost Allocation Study

http://www.epa.gov/oms/regs/ld-hwy/evap/spitback.txt

Oil Imports: An Assessment of Benefits and 
Costs

Peer Review Report Summary: Estimating the Energy Security Benefits of Reduced U.S. Oil Imports



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Small Business Flexibility 
Analysis 

CHAPTER 10: Small Business Flexibility Analysis

Table 10-1 Primary Small Business NAICS Categories Affected by this Rulemaking



Regulatory Impact Analysis  



Heavy-Duty GHG and Fuel Efficiency Standards NPRM: Small Business Flexibility 
Analysis 

References



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

APPENDIX F 
 

Air Quality Modeling and Health Impacts Assessment 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Air Quality Modeling and Health Impacts Assessment for 
the Medium- and Heavy-Duty Fuel Efficiency Improvement 

Program  
 

Final  Report 
 

June, 2011 



ii 
 



iii 
 

TABLE OF CONTENTS 
Chapter 1 Introduction ............................................................................................................................ 1-1 

1.1 Background and Objectives ....................................................................................................... 1-1 
1.2 Overview of the Methodology ................................................................................................... 1-2 
1.3 Modeling Scenarios ................................................................................................................... 1-4 

Chapter 2 Emission Inventory Preparation .......................................................................................... 2-1 
2.1 Emissions Data and Methods ..................................................................................................... 2-1 
2.2 Emissions Processing Procedures .............................................................................................. 2-2 

2.2.1 Preparation of On-Road Mobile Emission Inputs ...................................................................... 2-2 
2.2.2 Preparation of Upstream Emission Inputs ................................................................................. 2-4 
2.2.3 SMOKE Emission Processing and Quality Assurance Procedures ........................................... 2-4 

2.3 Emission Summaries ................................................................................................................. 2-5 
Chapter 3 Air Quality Modeling ............................................................................................................. 3-1 

3.1 Overview of the CMAQ Modeling System ............................................................................... 3-1 
3.2 CMAQ Application Procedures for the NHTSA Modeling Analysis ....................................... 3-2 

3.2.1 Modeling Domain and Simulation Period ................................................................................. 3-2 
3.2.2 Meteorological and Other Input Files ........................................................................................ 3-2 
3.2.3 Model Performance Evaluation ................................................................................................. 3-3 
3.2.4 Post-Processing and Quality Assurance Procedures .................................................................. 3-4 

3.3 CMAQ Modeling Results .......................................................................................................... 3-4 
3.3.1 Direct and Indirect Effects ......................................................................................................... 3-4 

3.3.1.1 Ozone ............................................................................................................................. 3-4 
3.3.1.2 PM2.5 .............................................................................................................................. 3-6 

3.3.2 Cumulative Impacts ................................................................................................................. 3-10 
3.3.2.1 Ozone ........................................................................................................................... 3-10 
3.3.2.2 PM2.5 ............................................................................................................................ 3-12 

3.3.3 Discussion of Attributes, Limitations and Uncertainties ......................................................... 3-14 
Chapter 4 Health Effects and Benefits Modeling .................................................................................. 4-1 

4.1 Overview of the BenMAP Modeling System ............................................................................ 4-1 
4.2 BenMAP Application Procedures for the NHTSA Modeling Analysis .................................... 4-2 

4.2.1 Health Impact Functions ............................................................................................................ 4-3 
4.2.2 Valuation Metrics ...................................................................................................................... 4-6 
4.2.3 Post-Processing and Quality Assurance Procedures .................................................................. 4-8 

4.3 BenMAP Results ....................................................................................................................... 4-8 
4.3.1 Direct and Indirect Effects ......................................................................................................... 4-9 

4.3.1.1 Ozone ............................................................................................................................. 4-9 
4.3.1.2 PM2.5 ............................................................................................................................ 4-11 

4.3.2 Cumulative Impacts ................................................................................................................. 4-15 
4.3.2.1 Ozone ........................................................................................................................... 4-15 
4.3.2.2 PM2.5 ............................................................................................................................ 4-17 

4.3.3 Summary of BenMAP Results ................................................................................................ 4-21 
4.3.4 Discussion of Attributes and Limitations ................................................................................ 4-25 

Chapter 5 References and Preparers ..................................................................................................... 5-1 
5.1 References ................................................................................................................................. 5-1 
5.2 List of Preparers ......................................................................................................................... 5-2 



iv 
 

LIST OF FIGURES 
 

Figure 1.2-1. CMAQ Modeling Domain for the NHTSA HD Fuel Efficiency Improvement Program Air 
Quality Modeling Analysis; Horizontal Grid Spacing is 36 km ...................................................................1-3 

Figure 1.2-2. Schematic Diagram of the NHTSA HD Fuel Efficiency Improvement Program Air Quality 
Modeling and Health-Related Benefits Analysis .........................................................................................1-4 

Figure 2.3-1a. Daily VOC Emissions for 1 July 2030: No Action Alternative Under the Direct and Indirect 
Effects Scenario ............................................................................................................................................2-8 

Figure 2.3-1b. Daily NOx Emissions for 1 July 2030: No Action Alternative Under the Direct and Indirect 
Effects Scenario ............................................................................................................................................2-8 

Figure 2.3-1c. Daily SO2 Emissions for 1 July 2030: No Action Alternative Under the Direct and Indirect 
Effects Scenario ............................................................................................................................................2-9 

Figure 2.3-1d. Daily PM2.5 Emissions for 1 July 2030: No Action Alternative Under the Direct and Indirect 
Effects Scenario ............................................................................................................................................2-9 

Figure 2.3-2a. Difference in Daily VOC Emissions for 1 July 2030 for Alternative 8 Minus the No Action 
Alternative Under the Direct and Indirect Effects Scenario ....................................................................... 2-10 

Figure 2.3-2b. Difference in Daily NOx Emissions for 1 July 2030 for Alternative 8 Minus the No Action 
Alternative Under the Direct and Indirect Effects Scenario ....................................................................... 2-11 

Figure 2.3-2c. Difference in Daily SO2 Emissions for 1 July 2030 for Alternative 8 Minus the No Action 
Alternative Under the Direct and Indirect Effects Scenario ....................................................................... 2-11 

Figure 2.3-2d. Difference in Daily PM2.5 Emissions for 1 July 2030 for Alternative 8 Minus the No Action 
Alternative Under the Direct and Indirect Effects Scenario ....................................................................... 2-12 

Figure 2.3-3a. National Emissions Totals for VOC for 2030 for the HD Alternatives ............................................. 2-13 
Figure 2.3-3b. National Emissions Totals for NOx for 2030 for the HD Alternatives .............................................. 2-13 
Figure 2.3-3c. National Emissions Totals for SO2 for 2030 for the HD Alternatives ............................................... 2-14 
Figure 2.3-3d. National Emissions Totals for PM2.5 for 2030 for the HD Alternatives ............................................ 2-14 
Figure 3.3.1-1. Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June 2030: No Action 

Alternative Under the Direct and Indirect Effects Scenario .........................................................................3-5 
Figure 3.3.1-2. Difference in Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June: 

Alternatives 6A, 6, 6B and 8 Minus the No Action Alternative Under the Direct and Indirect 
Effects Scenario ............................................................................................................................................3-6 

Figure 3.3.1-3. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action Alternative 
Under the Direct and Indirect Effects Scenario ............................................................................................3-7 

Figure 3.3.1-4. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action Alternative 
Under the Direct and Indirect Effects Scenario ............................................................................................3-8 

Figure 3.3.1-5. Difference in Annual Average PM2.5 Concentration (µgm-3): Alternatives 6A, 6, 6B and 8 
Minus the No Action Alternative Under the Direct and Indirect Effects Scenario ......................................3-9 

Figure 3.3.2-1. Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June 2030: No Action 
Alternative Under the Cumulative Impacts Scenario ................................................................................. 3-10 

Figure 3.3.2-2. Difference in Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June 
Alternatives 6A, 6, 6B and 8 Minus the No Action Alternative Under the Cumulative Impacts 
Scenario ...................................................................................................................................................... 3-11 

Figure 3.3.2-3. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action Alternative 
Under the Cumulative Impacts Scenario .................................................................................................... 3-12 

Figure 3.3.2-4. Difference in Annual Average PM2.5 Concentration (µgm-3): Alternatives 6A, 6, 6B and 8 
Minus the No Action Alternative Under the Cumulative Impacts Scenario ............................................... 3-13 

Figure 4.2-1. Schematic Diagram of the NHTSA HD Fuel Efficiency Improvement Program BenMAP 
Health Effects and Benefits Analysis ...........................................................................................................4-3 

Figure 4.3.3-1a. BenMAP-Derived Changes in Selected Health Outcomes for the Direct and Indirect 
Effects and Cumulative Impacts Scenarios: Ozone .................................................................................... 4-21 

Figure 4.3.3-1b. BenMAP-Derived Changes in Selected Health Outcomes for the Direct and Indirect 
Effects and Cumulative Impacts Scenarios: PM2.5 ..................................................................................... 4-22 

Figure 4.3.3-2a. BenMAP-Derived Monetized Health-Related Benefits for the Direct and Indirect Effects 
and Cumulative Impacts Scenarios: Ozone ................................................................................................ 4-23 



v 
 

Figure 4.3.3-2b. BenMAP-Derived Monetized Health-Related Benefits for the Direct and Indirect Effects 
and Cumulative Impacts Scenarios: PM2.5 ................................................................................................. 4-24 

Figure 4.3.4-1. BenMAP-Derived Monetized Health-Related Benefits for the Direct and Indirect Effects 
and Cumulative Impact Scenarios, with 5th- and 95th- Percentile Ranges .................................................. 4-26 

Figure 4.3.4-2. BenMAP-Derived Monetized Health-Related Benefits for the Direct and Indirect Effects 
and Cumulative Impact Scenarios, with One Standard Deviation .............................................................. 4-27 

 
 

LIST OF TABLES 
Table 2.2.1-1  Vehicle Types Contained in EPA’s SMOKE Input Files for On-road Mobile Sources ......................2-2 
Table 2.2.1-2  Roadway Types Contained in EPA’s SMOKE Input Files for On-road Mobile Sources ...................2-3 
Table 2.3-1  National (48-State) Emissions Totals (thousands tons/year) by Sector for the NHTSA 2030 ...............2-6 
Modeling Scenarios and Alternatives .........................................................................................................................2-6 
Table 2.3-2  National (48-State) Emissions Totals (thousands tons/year) for All Sectors Combined for the 

NHTSA 2030 Modeling Scenarios and Alternatives ....................................................................................2-7 
Table 4.2.1-1  Health Impact Functions Used to Estimate Ozone-Related Health Effects .........................................4-4 
Table 4.2.1-2  Health Impact Functions Used to Estimate PM2.5-Related Health Effects ..........................................4-4 
Table 4.2.2-1  Valuation Functions Used to Estimate Ozone-Related Monetized Health-Related Benefits ..............4-7 
Table 4.2.2-2  Valuation Functions Used to Estimate PM2.5-Related Monetized Health-Related Benefits ................4-8 
Table 4.3.1-1  BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Mortality:  Estimated 

Nationwide Reduction in Premature Mortality Under the Direct and Indirect Effects Scenario ..................4-9 
Table 4.3.1-2  BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Morbidity: Estimated 

Nationwide Reduction in Various Morbidity Endpoints Under the Direct and Indirect Effects 
Scenario ...................................................................................................................................................... 4-10 

Table 4.3.1-3  BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related 
Mortality: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature 
Mortality Under the Direct and Indirect Effects Scenario .......................................................................... 4-10 

Table 4.3.1-4  BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related 
Morbidity: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Various 
Morbidity Endpoints Under the Direct and Indirect Effects Scenario ........................................................ 4-11 

Table 4.3.1-5  BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Mortality: Estimated 
Nationwide Reduction in Premature Mortality Under the Direct and Indirect Effects Scenario ................ 4-11 

Table 4.3.1-6  BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Morbidity: Estimated 
Nationwide Reduction in Various Morbidity Endpoints Under the Direct and Indirect Effects 
Scenario ...................................................................................................................................................... 4-12 

Table 4.3.1-7  BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related 
Mortality with a 3% Discount Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) 
Related to Premature Mortality Under the Direct and Indirect Effects Scenario ....................................... 4-13 

Table 4.3.1-8  BenMAP-Derived Nationwide Health Costs for PM2.5-Related Mortality with a 7% Discount 
Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality 
Under the Direct and Indirect Effects Scenario .......................................................................................... 4-14 

Table 4.3.1-9  BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related 
Morbidity: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Various 
Morbidity Endpoints Under the Direct and Indirect Effects Scenario ........................................................ 4-14 

Table 4.3.2-1  BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Mortality: Estimated 
Nationwide Reduction in Premature Mortality Under the Cumulative Impacts Scenario .......................... 4-15 

Table 4.3.2-2  BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Morbidity: Estimated 
Nationwide Reduction in Various Morbidity Endpoints Under the Cumulative Impacts Scenario ........... 4-16 

Table 4.3.2-3  BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related 
Mortality: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature 
Mortality Under the Cumulative Impacts Scenario .................................................................................... 4-16 



vi 
 

Table 4.3.2-4  BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related 
Morbidity: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Various 
Morbidity Endpoints Under the Cumulative Impacts Scenario .................................................................. 4-17 

Table 4.3.2-5  BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Mortality: Estimated 
Nationwide Reduction in Premature Mortality Under the Cumulative Impacts Scenario .......................... 4-17 

Table 4.3.2-6  BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Morbidity: Estimated 
Nationwide Reduction in Various Morbidity Endpoints Under the Cumulative Impacts Scenario ........... 4-18 

Table 4.3.2-7  BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related 
Mortality with a 3% Discount Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) 
Related to Premature Mortality Under the Cumulative Impacts Scenario ................................................. 4-19 

Table 4.3.2-8  BenMAP-Derived Nationwide Health Costs for PM2.5-Related Mortality with a 7% Discount 
Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality 
Under the Cumulative Impacts Scenario .................................................................................................... 4-20 

Table 4.3.2-9  BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related 
Morbidity: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Various 
Morbidity Endpoints Under the Cumulative Impacts Scenario .................................................................. 4-20 

 
 
 



 

1-1 
 

Chapter 1  Introduction 
This report summarizes the application of air quality modeling tools to examine the air quality 

impacts and related health benefits associated with selected alternatives for the Medium- and Heavy-Duty 
Fuel Efficiency Improvement Program Environmental Impact Statement (EIS). 

1.1 BACKGROUND AND OBJECTIVES 

The National Highway Transportation Safety Administration (NHTSA) and the U.S. 
Environmental Protection Agency (EPA) are preparing to finalize new standards to regulate fuel 
consumption, improve fuel efficiency, and reduce the emission of greenhouse gases and other air 
pollutants from commercial medium- and heavy-duty on-highway vehicles. The standards proposed by 
NHTSA include voluntary compliance standards for model years (MY) 2014–2015 followed by 
mandatory standards for MY 2016-2018. The vehicle categories that would be subject to the new 
standards include pickup trucks, vans, vocational vehicles, and combination tractors weighing more than 
8,500 pounds (lbs), referred to throughout the remainder of this report as heavy-duty (HD) vehicles.1  
Although the changes to the fleet required by the standards are expected to result in improved fuel 
efficiency, the lower cost of fuel consumed per mile driven might create an incentive for additional 
driving that would partially offset the fuel savings. This “rebound effect” could limit direct emissions 
reductions from increased fuel efficiency. However, the proposed standards would also lead to reductions 
in “upstream” emissions, which are emissions associated with petroleum extraction, refining, storage and 
distribution of transportation fuels, due to the reduction in total fuel consumption. The net effect of the 
standards is an overall reduction in emissions on the national scale.  

Different regions of the country could experience either a net increase or a net decrease in 
emissions due to the proposed standards, depending on the relative magnitudes of the changes in 
emissions due to increased fuel efficiency, increased vehicle use, and reduced fuel production and 
distribution. The regional differences are taken into account in this study through the use of grid-based air 
quality modeling and analysis techniques, which account for local and regional differences in emissions 
as well as many of the other factors that affect air quality and the resulting health impacts at any given 
location, such as meteorology and atmospheric chemistry processes. 

The objective of this study was to use air quality modeling and health-related benefits analysis 
tools to examine the air quality related consequences of the proposed HD Fuel Efficiency Improvement 

                                                      
 
1 For purposes of this EIS, the term “heavy-duty” or “HD” applies to all highway vehicles and engines that are not 
within the range of light-duty vehicles, light-duty trucks, and medium-duty passenger vehicles (MDPV) covered by 
the greenhouse gas and CAFE standards issued for model years (MY) 2012–2016. The term does not include 
motorcycles. In addition, for the purpose of this EIS, the term also does not include recreational vehicles. Under 
EISA, NHTSA is required to set standards for “commercial medium- and heavy-duty on-highway vehicles and work 
trucks.” NHTSA interprets this requirement to include all categories of the heavy-duty vehicle categories described 
above, except for recreational vehicles, such as motor homes, because recreational vehicles are not commercial. For 
background on the HD vehicle segment, and fuel efficiency improvement technologies available for those vehicles, 
see the report recently issued by the National Academy of Sciences (2010), Transportation Research Board, National 
Research Council, Committee to Assess Fuel Economy Technologies for Medium-and Heavy-Duty Vehicles, 
“Technologies and Approaches to Reducing the Fuel Consumption of Medium- and Heavy-Duty Vehicles.”    
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Program and, specifically, to quantify the expected future air quality and health-related benefits 
associated with the alternative HD fuel consumption standards that NHTSA considered in its Draft 
Environmental Impact Statement (DEIS).2  To support this objective, estimates of air quality changes and 
health-related benefits were calculated for the national scale, based on a detailed analysis of the air quality 
and health effects on a grid cell-by-grid cell basis.  

1.2 OVERVIEW OF THE METHODOLOGY 

To examine and quantify the air quality and health-related benefits associated with 
implementation of the HD fuel efficiency alternatives, a national-scale photochemical air quality 
modeling and health risk assessment was conducted. Key components of this assessment included:  

• Emission inventory preparation, 

• Air quality model application, and 

• Health impacts assessment. 

The primary tools that were used for this assessment include:  

• Sparse-Matrix Operator Kernel Emissions (SMOKE) processing tool (version 2.7) for the 
preparation of model-ready emissions; 

• Community Multiscale Air Quality (CMAQ) model (version 4.7) for quantifying the air 
quality changes for the different fuel efficiency alternatives; and 

• Environmental Benefits Mapping and Analysis Program (BenMAP) tool (version 4.0) to 
assess the health-related impacts of the simulated changes in air quality. 

These tools are widely used for conducting air quality and health effects analysis.  

The national-scale modeling analysis utilized CMAQ’s standard continental U.S. modeling 
domain shown in Figure 1.2-1. The horizontal resolution of the grid for this modeling domain is 36 
kilometers (km). Air quality and health-related impacts were calculated for each grid cell and the entire 
conterminous U. S. Although the modeling domain does not include all 50 states, nearly all of the affected 
emissions and population are included in the domain and thus the results are expected to represent those 
for a national-scale analysis.    

                                                      
 
2 In order to accommodate the substantial time required to complete the air quality modeling analysis, the air quality 
modeling was initiated before the inputs and emissions forecasts for the EIS were finalized.  Thus, the DEIS inputs 
and emissions forecasts were used for the analysis presented in this Appendix.   
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Figure 1.2-1. CMAQ Modeling Domain for the NHTSA HD Fuel Efficiency Improvement 
Program Air Quality Modeling Analysis; Horizontal Grid Spacing is 36 km 

 
 

The CMAQ model was applied for an annual simulation period using meteorological inputs for a 
base year of 2005. EPA provided the meteorological inputs used for this study and is currently using these 
inputs for a number of other air quality modeling studies. 

The modeling was conducted for the year 2030 and used to examine the proposed HD fuel 
efficiency standard (the Preferred Alternative), as well as several alternative standards that were 
considered in the DEIS. The emissions for 2030 are expected to reflect the combined impacts of the 
proposed HD fuel efficiency standards for all model years covered by the proposed standards. This year 
was chosen for analysis because a large proportion of HD vehicles in operation are expected to meet at 
least the MY 2018 standards by 2030. Emissions for 2030 were obtained from the latest projected 2030 
national-scale emission inventory provided by EPA.  The emissions were processed for the 36-km 
modeling domain using SMOKE. The resulting model-ready inventories contain emissions for all criteria 
pollutants (as required for photochemical modeling) for multiple source category sectors, including on-
road mobile sources, non-road mobile sources (construction equipment, locomotives, ships, aircraft, etc.), 
electric generating unit (EGU) point sources, non-EGU point sources, area sources, and biogenic sources. 

 Following preparation of baseline 2030 emissions inventories, the baseline data for the HD 
portion of the on-road mobile emissions and relevant upstream emission categories were replaced with 
data reflecting the action alternatives analyzed in the DEIS. National emissions estimates for all the HD 
vehicles projected to be in use in 2030 (NHTSA 2010a) were derived using the Motor Vehicle Emission 
Simulator (MOVES) model. Upstream emissions associated with the fuels used by these vehicle classes 
were estimated using emission factors provided by EPA, based on the Greenhouse Gas, Regulated 
Emissions and Energy Used in Transportation (GREET) model (Argonne 2002 in Abt Associates 2008).  
Thus, for each alternative, with the exception of the No Action Alternative, the model-ready inventory 
incorporated the emission changes associated with the HD Fuel Efficiency Improvement Program for that 
alternative. 

CMAQ was then applied for each alternative, such that the only differences in the emissions 
between the No Action Alternative and other alternatives were the emissions changes associated with the 
HD Fuel Efficiency Program. Following the application of CMAQ, the CMAQ outputs were processed 
for input to the BenMAP health effects analysis tool, and BenMAP was used to estimate the health 
impacts and monetized health-related benefits associated with the changes in air pollution simulated by 
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CMAQ for each of the action alternatives. The BenMAP tool includes health impact functions, which 
relate a change in the concentration of a pollutant with a change in the incidence of a health endpoint. 
BenMAP also calculates the economic value of health impacts. For this study, the health effects analysis 
considered the effects of ozone and fine particulate matter (PM2.5). The health effects were calculated for 
the national scale. 

Figure 1.2-2 summarizes the components of the NHTSA air quality modeling and health-related 
benefits analysis.  

Figure 1.2-2. Schematic Diagram of the NHTSA HD Fuel Efficiency Improvement Program
Air Quality Modeling and Health-Related Benefits Analysis 
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1.3 MODELING SCENARIOS 

This analysis includes a total of ten annual CMAQ simulations. Five of the simulations focus on 
the direct and indirect outcome (referred to in the remainder of this report as the Direct and Indirect 
Effects Scenario), and the remaining five focus on the cumulative impacts outcome (referred to in the 
remainder of this report as the Cumulative Impacts Scenario). Consistent with Chapter 3 of the DEIS, the 
alternatives under the Direct and Indirect Effects Scenario assume no increase in fuel economy after 2018, 
and post-2018 model year vehicles are assumed to meet the proposed standards for MY 2018. Consistent 
with Chapter 4 of the DEIS, the alternatives under the Cumulative Impacts Scenario assume continued 
increases in fuel economy for all alternatives after 2018. A subset of the DEIS alternatives was chosen for 
the modeling analysis, and the assumptions defining them are the same as in the DEIS and the 
corresponding emissions datasets (NHTSA 2010a). 3  See Section 2.2 of the FEIS for a description of how 

                                                      
 
3 Note that the action alternatives were renumbered for the Final EIS (FEIS).  The DEIS numbering is retained here 
because the air quality modeling analysis is based on DEIS data, proposed standards, and estimates of benefits.  The 
regulatory provisions of DEIS Alternative 6 (Preferred Alternative) correspond to those of  FEIS Alternative 3 
(Preferred Alternative), DEIS Alternative 6A corresponds to FEIS Alternative 2, DEIS Alternative 6B corresponds 
to FEIS Alternative 4, and DEIS Alternative 8 corresponds to FEIS Alternative 5. 
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the subset of DEIS alternatives was chosen.  For each simulation, emissions were adjusted to reflect a 
selected alternative, as presented in the DEIS. The modeling includes the following alternatives: 

• Alternative 1 or No Action Alternative. The baseline used in the DEIS and retained here for 
consistency assumes that, in the absence of the HD Fuel Efficiency Improvement Program, 
future new vehicles would match levels of fuel efficiency equivalent to MY 2010 vehicles.   

• Alternative 6 or the Preferred Alternative. This alternative sets fuel consumption standards 
for both engines and vehicles in the entire HD vehicle sector, including for tractors, 
vocational vehicles, HD engines, and HD pickups and vans.  The fuel consumption standards 
vary by vehicle class. 

• Alternative 6A. This alternative is 12 percent less stringent than Alternative 6 and applies to 
the same vehicle classes.4 

• Alternative 6B. This alternative is 18 percent more stringent than Alternative 6 and applies to 
the same vehicle classes.5  

• Alternative 8. This alternative specifies standards for tractors, trailers, vocational vehicles, 
HD engines, and HD pickups and vans.  The standards for tractors, vocational vehicles, and 
HD pickups and vans are more stringent than for Alternative 6, due to the requirement for 
accelerated adoption of hybrid engine and drivetrain technology. 

For this analysis, the health-effects and monetized health-effects associated with each alternative are 
calculated relative to the baseline of the No Action Alternative.     

                                                      
 
4 See Section 2.3 in this FEIS for an explanation of the change in this percentage. 
5 See Section 2.3 in this FEIS for an explanation of the change in this percentage. 
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Chapter 2  Emission Inventory Preparation 
This section summarizes the data, methods and procedures followed in preparing modeling 

emission inventories for use in the air quality modeling analysis of the proposed HD Fuel Efficiency 
Improvement Program. The analysis examined the expected changes in criteria pollutant emissions from 
on-road mobile sources for the alternatives and from the effects those alternatives would also have on 
emissions associated with various “upstream” activities related to the extraction of oil (feedstock recovery), 
feedstock transportation, fuel refining, and fuel transportation, storage and distribution. The emissions 
changes were incorporated into a national air quality modeling database originally developed by EPA and 
the impacts were assessed for an annual simulation period. Although the DEIS for the HD Fuel Efficiency 
Improvement Program (NHTSA 2010a) evaluated changes in emissions for a number of future years, the 
emissions preparation and modeling analysis discussed herein focuses on 2030 in simulating the effects on 
air quality.  

2.1 EMISSIONS DATA AND METHODS 

The Community Multiscale Air Quality (CMAQ) model requires as input hourly, gridded criteria 
pollutant emissions of both anthropogenic and biogenic sources that have been spatially allocated to the 
appropriate grid cells and chemically speciated for the chemical mechanism used in the model. The 
modeling inventories were processed and prepared for CMAQ using EPA’s Sparse-Matrix Operator 
Kernel Emissions (SMOKE) software (version 2.7) (CEMPD 2010). The emissions inventories prepared 
for the modeling analysis for all sectors except on-road were derived, in part, from information developed 
by EPA for the 2030 reference case of the Heavy Duty Green House Gas (HDGHG) analysis based on the 
2005 modeling platform database. The emissions for the on-road sector were prepared based on the 2030 
NHTSA Corporate Average Fuel Economy (CAFE) modeling analysis Preferred Alternative for cars and 
light-duty trucks (NHTSA 2010b). The SMOKE emissions input files include the following categories: 

• On-road mobile sources; 

• Non-road sources; 

• Electric generating unit (EGU) sources (estimated using the Integrated Planning Model [IPM] 
and referred to as IPM point sources); 

• Non-EGU (non-IPM) point sources including aircraft emissions; 

• Non-point (area) sources; 

• Agricultural sources; 

• Category 3 (C3) commercial marine vessels; 

• Locomotives and commercial marine except for C3 commercial marine vessels; 

• Area fugitive dust sources; and 

• Average-year wildfire and prescribed fire. 

The SMOKE emissions input files were obtained from EPA for the 2030 reference case. These 
files included emissions data and related information for the 50 states and Washington, D.C. along with 
the emissions for the portions of Canada, Mexico and offshore areas included in the modeling domain. In 
addition, the SMOKE input files for biogenic sources for 2005 (the meteorological base year) for the 
modeling domain were obtained from EPA. The modeling inventories include the following pollutants: 
volatile organic compounds (VOC), oxides of nitrogen (NOx), carbon monoxide (CO), sulfur dioxide 
(SO2), fine particulates (PM2.5), coarse particulates (PM10) and ammonia (NH3).  



Chapter 2 Emission Inventory Preparation 

 

2-2 
 

NHTSA calculated the expected changes in on-road mobile emissions (for medium- and heavy-
duty vehicles) and upstream emissions associated with these vehicle classes (NHTSA, 2010a). For each 
pollutant, a total emissions value for all states and Washington, D.C. was provided for medium- and 
heavy-duty vehicles “tailpipe” emissions and for the upstream emissions associated with fuel production 
for these vehicle classes for the No Action Alternative and action alternatives. Estimates of vehicle miles 
traveled (VMT) by county for 2030 were also calculated. As part of the emissions processing, this 
information was incorporated into the modeling input files for each simulation, as detailed in the 
following section. 

2.2 EMISSIONS PROCESSING PROCEDURES 

As noted previously, SMOKE Version 2.7 was used to process the emissions and prepare 
CMAQ-ready inputs for the action alternatives using source sector files and other emission information. 
The preparation of the various modeling inventories included (1) processing of the emissions for all 
source sectors using the SMOKE programs and inputs, (2) substitution of the on-road mobile and 
upstream emissions to reflect the No Action Alternative and action alternatives, and (3) review and 
quality assurance checks.  

2.2.1 Preparation of On-Road Mobile Emission Inputs 

The SMOKE on-road mobile input files contain monthly, county-level emissions for criteria 
pollutants by vehicle type and roadway type. The vehicle types are listed in Table 2.2.1-1.  

Table 2.2.1-1 
 

Vehicle Types Contained in EPA’s SMOKE Input Files for On-road Mobile Sources 
Class # Vehicle Class Description 

1 LDGV Light-Duty Gasoline Vehicles (Passenger Cars) 
2 LDGT1 Light-Duty Gasoline Trucks 1 (0 - 6,000 lbs. gross vehicle weight rating [GVWR], 

0 - 3,750 lbs. loaded vehicle weight [LVW]) 
3 LDGT2 Light-Duty Gasoline Trucks 2 (0 - 6,000 lbs. GVWR, 3,751 - 5,750 lbs. LVW) 
4 LDGT3 Light-Duty Gasoline Trucks 3 (6,001 - 8,500 lbs. GVWR, 0 - 5,750 lbs. adjusted 

load vehicle weight [ALVW]) 
5 LDGT4 Light-Duty Gasoline Trucks 4 (6,001 - 8,500 lbs. GVWR, > 5,751 lbs. ALVW) 
6 HDGV2b Class 2b Heavy-Duty Gasoline Vehicles (8,501 - 10,000 lbs. GVWR) 
7 HDGV3 Class 3 Heavy-Duty Gasoline Vehicles (10,001 - 14,000 lbs. GVWR) 
8 HDGV4 Class 4 Heavy-Duty Gasoline Vehicles (14,001 - 16,000 lbs. GVWR) 
9 HDGV5 Class 5 Heavy-Duty Gasoline Vehicles (16,001 - 19,500 lbs. GVWR) 

10 HDGV6 Class 6 Heavy-Duty Gasoline Vehicles (19,501 - 26,000 lbs. GVWR) 
11 HDGV7 Class 7 Heavy-Duty Gasoline Vehicles (26,001 - 33,000 lbs. GVWR) 
12 HDGV8a Class 8a Heavy-Duty Gasoline Vehicles (33,001 - 60,000 lbs. GVWR) 
13 HDGV8b Class 8b Heavy-Duty Gasoline Vehicles (>60,000 lbs. GVWR) 
14 LDDV Light-Duty Diesel Vehicles (Passenger Cars) 
15 LDDT12 Light-Duty Diesel Trucks 1 and 2 (0 - 6,000 lbs. GVWR) 
16 HDDV2b Class 2b Heavy-Duty Diesel Vehicles (8,501 - 10,000 lbs. GVWR) 
17 HDDV3 Class 3 Heavy-Duty Diesel Vehicles (10,001 - 14,000 lbs. GVWR) 
18 HDDV4 Class 4 Heavy-Duty Diesel Vehicles (14,001 - 16,000 lbs. GVWR) 
19 HDDV5 Class 5 Heavy-Duty Diesel Vehicles (16,001 - 19,500 lbs. GVWR) 
20 HDDV6 Class 6 Heavy-Duty Diesel Vehicles (19,501 - 26,000 lbs. GVWR) 
21 HDDV7 Class 7 Heavy-Duty Diesel Vehicles (26,001 - 33,000 lbs. GVWR) 
22 HDDV8a Class 8a Heavy-Duty Diesel Vehicles (33,001 - 60,000 lbs. GVWR) 
23 HDDV8b Class 8b Heavy-Duty Diesel Vehicles (>60,000 lbs. GVWR) 
24 MC Motorcycles (Gasoline) 
25 HDGB Gasoline Buses (School, Transit, and Urban) 
26 HDDBT Diesel Transit and Urban Buses 
27 HDDBS Diesel School Buses 
28 LDDT34 Light-Duty Diesel Trucks 3 and 4 (6,001 - 8,500 lbs. GVWR) 
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 The various roadway types are listed in Table 2.2.1-2.  
 

Table 2.2.1-2 
 

Roadway Types Contained in EPA’s SMOKE Input Files for On-road Mobile 
Sources 

Area Type Description 
Rural Interstate 
Rural Other Principal Arterial 
Rural Minor Arterial 
Rural Minor Collector 
Rural Major Collector 
Rural Local 
Urban Interstate 
Urban Other Principal Arterial 
Urban Minor Arterial 
Urban Minor Collector 
Urban Major Collector 
Urban Local 

 
The SMOKE on-road mobile emissions files include emissions for exhaust, evaporative, tires and 

brakes. Exhaust emissions are provided for VOC, NOx, CO, SO2, PM2.5, PM10 and NH3. Evaporative 
emissions are provided for VOC. For tire and brake wear, emissions are provided for PM2.5 and PM10.  

As noted above, the proposed Fuel Efficiency Improvement Program applies only to medium- 
and heavy-duty vehicles. From the list above and as defined in EPA’s MOBILE6 motor vehicle emission 
factor model, the medium- and heavy-duty vehicle category is made up of the following vehicle classes 
(both gas and diesel categories comprise various vehicle classes depending on size): eight heavy-duty gas 
categories – Class #6: HDGV2b, #7 HDGV3, #8 HDGV4, #9 HDGV5, #10 HDGV6, #11 HDGV7, #12 
HDGV8a and #13 HDGV8b; eight heavy-duty diesel categories – Class #16, HDDV2b, #17 HDDV3, #18 
HDDV4, #19 HDDV5, #20 HDDV6, #21 HDDV7, #22 HDDV8a and #23 HDDV8b; and three bus 
categories – Class #25 HDGB, #26 HDDBT and #27 HDDBS. 

To incorporate the NHTSA emission estimates for each action alternative into the emission input 
files, the SMOKE mobile source input files were modified such that the NHTSA-specific emissions were 
substituted for the HD vehicle categories to create modified SMOKE input files. The starting point for 
this process was the 2030 on-road motor vehicle emission inventory based on the 2030 CAFE Preferred 
Alternative for cars and light-duty trucks (NHTSA 2010b). The steps involved in this process included 
the following: 

Step 1 – Calculate the county-level HD vehicle tailpipe emissions for the alternatives 
 

• With the total U.S. emissions for HD vehicles for NOx, VOC, CO, SO2 and PM2.5 for each 
alternative and the VMT fractions for all U.S. counties, allocate county-level emissions for 
each pollutant.  

Step 2 – Calculate the county-level total emissions based on the 2030 SMOKE input files for the on-
road mobile sector 
 

• With the utility program mb_cty_sum, calculate the monthly total county-level HD vehicle 
emissions for the 2030 on-road mobile input files. 

• With the utility program cty_ann_ems, calculate the annual county-level HD vehicle 
emissions based on the monthly totals. 
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Step 3 – Calculate adjustment factors for HD vehicles for the alternatives  
 

• With the utility program cal_fac_hd, calculate the ratio of county-level emissions from a 
specified alternative to 2030 on-road mobile emissions.  

 
Step 4 – Apply the adjustment factors for each alternative to the 2030 on-road mobile SMOKE 
input file 
 

• With the utility program adj_hd_ems, apply the county-level adjustment factors for HD 
vehicles for a specified alternative to 2030 on-road mobile SMOKE input files to prepare 
updated SMOKE input files.  

 
2.2.2 Preparation of Upstream Emission Inputs  

As noted above, the proposed HD Fuel Efficiency Improvement Program is also expected to 
affect the “upstream” emissions associated with the extraction of oil (feedstock recovery), feedstock 
transportation, fuel refining and fuel transportation, storage and distribution. The upstream emissions are 
associated with a variety of equipment, processes and activities involved in the production of fuel, 
including oil field extraction equipment (drills, pumps, etc.); oil refining (boilers, heaters, etc.); and the 
transportation, storage and distribution of the fuel. For this analysis, EPA provided a list of Source 
Category Codes (SCC) associated with these activities/equipment types and a complete list of refineries 
operating in the U.S. NHTSA calculated estimates of upstream emissions, by pollutant, for both the HD 
Fuel Efficiency Improvement Program alternatives and the Preferred Alternative identified for the CAFE 
analysis conducted previously for cars and light-duty trucks (NHTSA 2010b). The total estimates of 
upstream emissions were then calculated by combining the two (this was done for each proposed HD 
alternative). Using a list of refineries and SCC codes for all assumed sources/source types associated with 
upstream emissions, the upstream emissions were incorporated into the inventory, resulting in modified 
SMOKE inputs for the non-point and non-IPM point files.  

The upstream emissions for each alternative considered only emissions occurring domestically 
and did not consider emissions from the transport of crude oil or refined gasoline to the United States. 
The upstream emissions estimates assumed that 1) 50 percent of the fuel savings from the alternatives 
would reduce imports of refined gasoline, and therefore would reduce domestic emissions only during 
fuel transportation, storage and distribution and would not reduce emissions from feedstock recovery, 
feedstock transportation and fuel refining, 2) 90 percent of the reduction in domestic fuel refining would 
reduce imports of crude petroleum (and therefore would not reduce domestic emissions from feedstock 
recovery and feedstock transportation), and 3) 10 percent of the reduction in domestic fuel refining would 
reduce domestic production of crude petroleum (which would reduce domestic emissions from feedstock 
recovery and feedstock transportation). NHTSA estimated these percentages using several scenarios from 
EIA’s AEO 2008 (EIA 2008). 

2.2.3 SMOKE Emission Processing and Quality Assurance Procedures 

Once the modified mobile source and upstream-related SMOKE input files reflecting the action 
alternatives were developed, the files were processed by SMOKE and merged with the other source 
category input files to prepare model-ready inputs for CMAQ. The general procedures followed in 
preparing the modeling inventories, using various programs included with SMOKE, are as follows: 

• Modify on-road mobile source SMOKE input files using emissions data and related information; 

• Modify upstream-related SMOKE input files using emissions data and related information; 
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• Chemically speciate input criteria pollutants into the Carbon Bond 2005 (CB-05) chemical 
mechanism species, as required by CMAQ; 

• Temporally distribute the input annual/monthly emissions into hourly emissions; 

• Spatially distribute input emissions to the modeling grid; 

• Merge emissions from all source categories into the CMAQ model-ready files; and 

• Review and quality assure the inventory processing procedures and results. 

The emissions inventory processing quality assurance (QA) procedures included the development 
and examination of tabular emissions summaries and graphical display products. Tabular summaries were 
prepared to examine emissions totals for various steps of the emissions processing. Summaries for input 
emissions are based on the input inventory data: monthly emissions for the on-road and non-road mobile 
sectors, and annual emissions for other sectors for criteria pollutants. Summaries for output emissions are 
based on the SMKMERGE reports: daily emissions for each species included in the chemical mechanism 
for each sector. The output daily emissions are summed over all days in the year and the species are 
summed for the criteria pollutants. The emissions were summarized for each alternative by state and 
sector, and comparisons were made between the input emissions and output emissions for each sector to 
assure consistency.  

In addition to the tabular summaries, various graphical displays were prepared for one day of 
each month (the 15th of each month was randomly selected) to examine the spatial distribution and 
temporal variation for each sector and the final merged emissions using the Package for Analysis and 
Visualization of Environmental (PAVE) data graphical plotting package, available from the University of 
North Carolina Institute for the Environment web site available at: http://www.ie.unc.edu/cempd/EDSS. 

2.3 EMISSION SUMMARIES 

Five alternatives from the DEIS were chosen for the air quality modeling analysis under the two (Direct 
and Indirect Effects and Cumulative Impacts) scenarios. As noted earlier, the Direct and Indirect Effects 
Scenario assumes that the fuel efficiency of new HD vehicles for the No Action Alternative as well as 
each action alternative would remain constant at its 2018 level for all subsequent years (including 2030), 
while the Cumulative Impacts Scenario assumes that the fuel efficiency for HD trucks would continue to 
increase after 2018 for the No Action Alternative as well as each action alternative. The DEIS alternatives 
simulated under these scenarios include the No Action Alternative, and Alternatives 6A, 6, 6B and 8, 
which required ten modeling emission inventories. Using the original and modified inputs, the SMOKE 
emissions processing system was used to prepare the CMAQ model-ready hourly emission inventory 
inputs for each simulation for the 36-km resolution national grid. Although the processed emission 
inventories were prepared for the full list of species given in Section 2.2.1, most of the presentation and 
discussion that follows focuses on the VOC, NOx, SO2 and PM2.5 emissions species, which are important 
precursor species for ozone and PM2.5. 

Table 2.3-1 presents national (48-state) annual emissions totals for 2030 for each pollutant by sector for 
each scenario and alternative simulated. Note that the “Non-point” sector emission totals also include 
emissions for agricultural sources, area fugitive dust sources, and average-year wildfires and prescribed 
fires from the list of SMOKE categories provided above, while the “Non-road” totals also include 
emissions from Category 3 (C3) commercial marine vessels and locomotives and other commercial 
marine vessels. Table 2.3-2 presents annual emission totals for all sectors combined for these scenarios 
and alternatives. For these and all subsequent similar tables, the alternatives are presented in order of 
increasing stringency. In this table, emissions corresponding to the Direct and Indirect Effects Scenario 
are labeled D/I and those corresponding to the Cumulative Impacts Scenario are labeled CI. 
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Table 2.3-1 

 
National (48-State) Emissions Totals (thousands tons/year) by Sector for the NHTSA 2030  

Modeling Scenarios and Alternatives 
  No Action Alternative 6A Alternative 6 Alternative 6B Alternative 8 

Pollutant Sector D/I CI D/I CI D/I CI D/I CI D/I CI 
VOC EGU 53 53 53 53 53 53 53 53 53 53 
 Non-EGU Point 1,128 1,124 1,128 1,124 1,128 1,124 1,128 1,124 1,127 1,124 
 Non-point 8,676 8,641 8,672 8,638 8,672 8,638 8,671 8,637 8,669 8,635 
 Non-road 1,297 1,297 1,297 1,297 1,297 1,297 1,297 1,297 1,297 1,297 
 On-road Vehicle 1,500 1,491 1,476 1,468 1,475 1,468 1,475 1,468 1,475 1,468 
                  
NOx EGU 2,029 2,029 2,029 2,029 2,029 2,029 2,029 2,029 2,029 2,029 
 Non-EGU Point 1,998 1,994 1,996 1,992 1,996 1,992 1,995 1,991 1,995 1,991 
 Non-point 1,672 1,658 1,665 1,652 1,664 1,652 1,663 1,651 1,661 1,649 
 Non-road 1,616 1,616 1,616 1,616 1,616 1,616 1,616 1,616 1,616 1,616 
 On-road Vehicle 2,291 2,214 2,106 2,043 2,060 2,000 2,060 2,001 2,056 1,999 
            
CO EGU 1,091 1,091 1,091 1,091 1,091 1,091 1,091 1,091 1,091 1,091 
 Non-EGU Point 2,978 2,976 2,977 2,976 2,977 2,975 2,977 2,975 2,977 2,975 
 Non-point 14,949 14,945 14,947 14,943 14,946 14,943 14,946 14,942 14,945 14,942 
 Non-road 14,724 14,724 14,724 14,724 14,724 14,724 14,724 14,724 14,724 14,724 
 On-road Vehicle 20,144 19,970 20,092 19,928 20,091 19,929 20,091 19,930 20,091 19,939 
            
SO2 EGU 3,747 3,747 3,747 3,747 3,747 3,747 3,747 3,747 3,747 3,747 
 Non-EGU Point 1,651 1,640 1,645 1,635 1,645 1,634 1,644 1,633 1,642 1,632 
 Non-point 1,172 1,172 1,172 1,172 1,172 1,172 1,172 1,172 1,172 1,172 
 Non-road 17 17 17 17 17 17 17 17 17 17 
 On-road Vehicle 32 30 31 30 31 30 31 30 31 30 
            
PM10 EGU 394 394 394 394 394 394 394 394 394 394 
 Non-EGU Point 627 625 626 624 626 624 626 624 625 623 
 Non-point 10,907 10,907 10,907 10,906 10,907 10,906 10,907 10,906 10,907 10,906 
 Non-road 103 103 103 103 103 103 103 103 103 103 
 On-road Vehicle 180 178 181 180 181 180 181 180 181 180 
            
PM2.5 EGU 297 297 297 297 297 297 297 297 297 297 
 Non-EGU Point 428 426 427 425 427 424 426 424 426 424 
 Non-point 2,692 2,692 2,692 2,691 2,692 2,691 2,692 2,691 2,692 2,691 
 Non-road 95 95 95 95 95 95 95 95 95 95 
 On-road Vehicle 101 100 103 101 103 101 103 101 102 101 
            
NH3 EGU 49 49 49 49 49 49 49 49 49 49 
 Non-EGU Point 161 161 161 161 161 161 161 161 161 161 
 Non-point 3,811 3,811 3,811 3,811 3,811 3,811 3,811 3,811 3,811 3,811 
 Non-road 4 4 4 4 4 4 4 4 4 4 
 On-road Vehicle 417 417 417 417 417 417 417 417 417 417 
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Table 2.3-2 

 
National (48-State) Emissions Totals (thousands tons/year) for All Sectors Combined for the NHTSA 2030 

Modeling Scenarios and Alternatives 
 No Action Alternative 6A Alternative 6 Alternative 6B Alternative 8 

Pollutant D/I CI D/I CI D/I CI D/I CI D/I CI 
VOC 12,654 12,607 12,626 12,581 12,625 12,580 12,624 12,579 12,622 12,577 
NOx 9,605 9,512 9,412 9,333 9,365 9,289 9,364 9,288 9,357 9,284 
CO 53,887 53,707 53,831 53,662 53,830 53,662 53,830 53,664 53,829 53,672 
SO2 6,618 6,605 6,612 6,600 6,611 6,600 6,610 6,599 6,608 6,597 
PM10 12,211 12,207 12,212 12,208 12,211 12,208 12,211 12,208 12,211 12,207 
PM2.5 3,612 3,608 3,612 3,609 3,612 3,608 3,612 3,608 3,611 3,608 
NH3 4,442 4,442 4,442 4,442 4,442 4,442 4,442 4,442 4,442 4,442 

 
 

To illustrate and check the reasonableness of the spatial distribution of emissions throughout the 
modeling domain, daily emission density plots for selected days were prepared and examined. Emissions 
associated with the No Action Alternative were used to check the reasonableness of the spatial 
distribution of emissions. Figures 2.3-1(a)-(d) present daily emissions for a representative summer day 
(July 1) for VOC, NOx, SO2 and PM2.5 for the 36-km resolution national grid. The date and time given on 
this and all subsequent figures refer to the meteorological base year (2005) and start hour for the selected 
day or averaging period. The minimum and maximum values for any location within the domain are also 
provided, along with their grid cell (x,y) locations. A summer day was selected for display because it is 
included in both the ozone season and the annual simulation period. The plots show the spatial 
distribution of the 2030 emissions for the No Action Alternative under the Direct and Indirect Effects 
Scenario, with higher emissions in the more populated areas of the eastern U.S. and California, and lower 
emissions in the less-populated areas of the interior western U.S. and areas of Canada and Mexico. The 
VOC emission plots also include biogenic emissions, with higher emissions associated with the more 
forested regions of the southeastern U.S. and Canada. The PM2.5 emissions are associated with various 
anthropogenic mobile and industrial sources, as well as agricultural burning and wildfires.  
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Figure 2.3-1a. Daily VOC Emissions for 1 July 2030: No Action Alternative Under the 

Direct and Indirect Effects Scenario 

 
 
 

 
 
 

Figure 2.3-1b. Daily NOx Emissions for 1 July 2030: No Action Alternative Under the 
Direct and Indirect Effects Scenario 
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Figure 2.3-1c. Daily SO2 Emissions for 1 July 2030: No Action Alternative Under the Direct 

and Indirect Effects Scenario 
 

 
 
 
 

Figure 2.3-1d. Daily PM2.5 Emissions for 1 July 2030: No Action Alternative Under the 
Direct and Indirect Effects Scenario 
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Figures 2.3-2 (a)-(d) illustrate the spatial distribution of differences (or changes) in the emissions 

for the action alternatives compared to the No Action Alternative. The figure presents difference plots for 
VOC, NOx, SO2 and PM2.5, comparing the emissions for Alternative 8 with the emissions for the No 
Action Alternative under the Direct and Indirect Effects Scenario. The difference plots for these two 
alternatives were selected for presentation because they show the greatest differences between any of the 
alternatives and the baseline and are best suited to illustrate the spatial distribution of the differences (or 
changes). The difference plots illustrate where the reductions in emissions are expected to occur 
throughout the 36-km resolution modeling domain. The green area indicates no emissions change.  

Figure 2.3-2a. Difference in Daily VOC Emissions for 1 July 2030 for Alternative 8 Minus 
the No Action Alternative Under the Direct and Indirect Effects Scenario 
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Figure 2.3-2b. Difference in Daily NOx Emissions for 1 July 2030 for Alternative 8 Minus 
the No Action Alternative Under the Direct and Indirect Effects Scenario 

 
 

 
 
 

Figure 2.3-2c. Difference in Daily SO2 Emissions for 1 July 2030 for Alternative 8 Minus 
the No Action Alternative Under the Direct and Indirect Effects Scenario 
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Figure 2.3-2d. Difference in Daily PM2.5 Emissions for 1 July 2030 for Alternative 8 Minus 
the No Action Alternative Under the Direct and Indirect Effects Scenario 

 
 

 
The figures indicate overall reductions in VOC and NOx emissions throughout the United States 

associated with the on-road mobile emission reductions from HD vehicles, and localized reductions in 
SO2 emissions in certain areas associated with point-source emissions (from upstream sources). The 
changes of PM2.5 emissions reflect the combination of reductions from upstream sources as well as some 
increases from on-road mobile sources, due to the rebound effect cited earlier in this document. 

Figures 2.3-3 (a)-(d) present national emissions estimates for 2030 by source sector for the No Action 
Alternative and Alternatives 6A, 6, 6B, and 8 under the Direct and Indirect Effects and Cumulative 
Impacts Scenarios for VOC, NOx, SO2, and PM2.5. Emissions corresponding to the Direct and Indirect 
Effects Scenario are labeled D/I and those corresponding to the Cumulative Impacts Scenario are labeled 
CI. 
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Figure 2.3-3a. National Emissions Totals for VOC for 2030 for the HD Alternatives 
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Figure 2.3-3b. National Emissions Totals for NOx for 2030 for the HD Alternatives 
 

 National Emissions by 2030 NHTSA HD Scenario and Source Sector: NOx
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Figure 2.3-3c. National Emissions Totals for SO2 for 2030 for the HD Alternatives 
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Figure 2.3-3d. National Emissions Totals for PM2.5 for 2030 for the HD Alternatives 
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On a national scale, anthropogenic VOC emissions are primarily from area (non-point) sources, 
and on-road mobile, non-road mobile and non-EGU sources contribute about equally to the total VOC; 
NOx emissions come from all source categories; SO2 emissions primarily derive from EGU and non-EGU 
industrial point sources; and PM2.5 emissions come primarily from area (non-point) sources. For the 
action alternatives, the expected changes in emissions for HD vehicles are reflected in the on-road mobile 
source category, while the expected changes in upstream emissions are reflected in the non-point (area) 
and non-EGU point source categories. The estimated decreases in mobile emissions are distributed 
nationwide while most of the decreases in upstream emissions are located in petroleum development/fuel 
production states including Texas, Oklahoma, Louisiana, and California. Comparing the No Action 
Alternative to the other alternatives under the Direct and Indirect Effects Scenario, national-scale NOx 
emissions are expected to decrease by approximately 2.0, 2.5, 2.5 and 2.6 percent for Alternatives 6A, 6, 
6B and 8, respectively. For the Cumulative Impacts Scenario, the expected decreases are 1.9, 2.3, 2.4 and 
2.4 percent. National-scale VOC and SO2 emissions are expected to decrease by about 0.2 percent for all 
alternatives. On a local scale, depending on source makeup, distribution and population, the expected 
decreases in emissions could be larger or smaller than these national averages.  
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Chapter 3  Air Quality Modeling 
The air quality modeling methods and results are presented in this section. The CMAQ model 

was used in this study to simulate the air quality impacts of the proposed HD Fuel Efficiency 
Improvement Program. The model was applied using a 36-km resolution grid at the national scale for an 
annual simulation period. The CMAQ model requires information on the emissions, meteorology and 
land-use characteristics of the modeling domain. Information about the emissions changes associated with 
selected alternative proposed standards were incorporated into the model through the emission input files 
for the modeled year 2030. Because air quality impacts are calculated at the grid-cell level, the CMAQ 
model can account for regional differences in the relative magnitudes of the changes in emissions due to 
increased fuel efficiency, increased vehicle use and reduced fuel production and distribution potentially 
resulting from the proposed standards. The CMAQ modeling results provide the basis for the health 
effects and benefits modeling analysis.  

3.1 OVERVIEW OF THE CMAQ MODELING SYSTEM 

The CMAQ model is a state-of-the-science, regional air quality modeling system that can be used 
to simulate the physical and chemical processes that govern the formation, transport and deposition of 
gaseous and particulate species in the atmosphere (Byun and Ching 1999). The CMAQ tool was designed 
to improve the understanding of air quality issues (including the physical and chemical processes that 
influence air quality) and to support the development of effective emission control strategies on both the 
regional and local scale. The CMAQ model was designed as a “one-atmosphere” model. This concept refers 
to the ability of the model to dynamically simulate ozone, particulate matter and other species (such as 
mercury) in a single simulation. In addition to addressing a variety of pollutants, CMAQ can be applied to 
a variety of regions (with varying geographical, land-use and emissions characteristics) and for a range of 
space and time scales.  

Numerous recent applications of the model, for both research and regulatory air quality planning 
purposes, have focused on the simulation of ozone and PM2.5. The CMAQ model was used by EPA to 
support the development of the Clean Air Interstate Rule (CAIR) (EPA 2005). It was also used by EPA to 
support the second prospective analysis of the costs and benefits of the Clean Air Act (CAA) (Douglas et 
al. 2008) and by NHTSA to support the analysis of selected CAFE alternatives for passenger cars and 
light-duty trucks (NHTSA 2010b). 

The CMAQ model numerically simulates the physical processes that determine the magnitude, 
temporal variation and spatial distribution of the concentrations of ozone and particulate species in the 
atmosphere and the amount, timing and distribution of their deposition to Earth’s surface. The simulation 
processes include advection, dispersion (or turbulent mixing), chemical transformation, cloud processes 
and wet and dry deposition. The CMAQ science algorithms are described in detail by Byun and Ching 
(1999). 

This model requires several different types of input files. Gridded, hourly emission inventories 
characterize the release of anthropogenic, biogenic and, in some cases, geogenic emissions from sources 
within the modeling domain. The emissions represent both low-level and elevated sources and a variety of 
source categories (including, for example, point, on-road mobile, non-road mobile, area and biogenic). 
The amount and spatial and temporal distribution of each emitted pollutant or precursor species are key 
determinants to the resultant simulated air quality values. 

The CMAQ model also requires hourly, gridded input fields of several meteorological parameters 
including wind, temperature, mixing ratio, pressure, solar radiation, fractional cloud cover, cloud depth and 
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precipitation. A full list of the meteorological input parameters is provided in Byun and Ching (1999). The 
meteorological input fields are typically prepared using a data-assimilating prognostic meteorological model, 
the output of which is processed for input to the CMAQ model using the Meteorology-Chemistry Interface 
Processor (MCIP). The prescribed meteorological conditions influence the transport, vertical mixing and 
resulting distribution of the simulated pollutant concentrations. Certain of the meteorological parameters, such 
as mixing ratio, can also influence the simulated chemical reaction rates. Rainfall and near-surface 
meteorological characteristics govern the wet and dry deposition, respectively, of the simulated atmospheric 
constituents.  

Initial and boundary condition (IC/BC) files provide information on pollutant concentrations 
throughout the domain for the first hour of the first day of the simulation and along the lateral boundaries 
of the domain for each hour of the simulation. Photolysis rates and other chemistry-related input files 
supply information needed by the gas-phase and particulate chemistry algorithms.  

CMAQ version 4.7 was used for this study. This is the latest available version of the model and 
supports several options for the gas-phase chemical mechanism, particle treatment, aerosol deposition and 
cloud treatment. Compared to prior versions of CMAQ, version 4.7 includes updates to the aqueous 
chemistry and the advection and diffusion schemes. All simulations conducted as part of this study used 
the CB-05 chemical mechanism. For particles, the AERO5 particle treatment, which includes sea salt, was 
applied. In addition, the “inline” point source option, in which point source data are read directly by 
CMAQ and plume rise is calculated internally based on local meteorological conditions, was used for this 
study.  

  

3.2 CMAQ APPLICATION PROCEDURES FOR THE NHTSA MODELING ANALYSIS 

The application of CMAQ, including the modeling domain, simulation period, input files (with 
the exception of the emission inventories) and post-processing and quality assurance procedures are 
discussed in this section. Preparation of the emission inventories for the application of CMAQ was 
discussed in detail in the previous section.  

3.2.1 Modeling Domain and Simulation Period 

The modeling domain used for this analysis was presented in Figure 1.2-1. The 36-km resolution 
modeling domain includes 148 x 112 grid cells. The tick marks (refer to Figure 1.2-1) denote the 36-km 
grid cells. For this domain, the model was run for an entire calendar year. The base-year meteorological 
conditions are for 2005 and the emissions represent 2030. In running the model, the annual simulation 
period was divided into two parts covering January through June and July through December, 
respectively. Each part of the simulation also included an additional five start-up simulation days, which 
were intended to reduce the influence of uncertainties in the initial conditions on the simulation results.  

3.2.2 Meteorological and Other Input Files 

All input files for the application of the CMAQ model, with the exception of the certain 
components of the emission inventories, were obtained from EPA.  

The 36- km resolution meteorological input files for the base year 2005 were prepared using the 
Pennsylvania State University/National Center for Atmospheric Research (PSU/NCAR) Fifth Generation 
Mesoscale Model (MM5). The MM5 outputs were post-processed by EPA for input to CMAQ using the 
Meteorology-Chemistry Interface Processor (MCIP) program.  



Chapter 3 Air Quality Modeling 

 

3-3 
 

Existing initial condition, boundary condition, land-use and photolysis rate input files for CMAQ 
modeling for the selected modeling domain and simulation period were used. 

3.2.3 Model Performance Evaluation 

The meteorological fields for 2005 were developed by EPA using MM5 (version 3.7.4). The model was 
applied for a 36-km resolution grid covering all of the lower 48 states and major portions of Canada and 
Mexico (EPA 2009). For the performance evaluation, temperature, wind speed, wind direction and 
moisture data were obtained from NOAA’s Meteorological Assimilation Data Ingest System (MADIS) 
and rainfall data were obtained from the National Weather Service’s Climate Prediction Center. The 
MM5 results for 2005 for the 36-km grid are characterized by very little bias in monthly averaged 
temperatures throughout the eastern U.S., but consistent underprediction of temperature occurs 
throughout the year in the Rocky Mountain area and the northwestern U.S. Except for California, MM5 
shows a consistent slight underprediction of monthly averaged wind speeds throughout the U.S, with 
some significant errors in monthly averaged wind direction in California, the Rockies and the Pacific 
Northwest. The patterns predicted by MM5 are fairly consistent with observed data across the U.S., but 
the model tends to overpredict the amount of precipitation in the South and Southeast during the summer 
months.  
 
EPA evaluated CMAQ model performance for the 2005 base year as part of the air quality modeling 
analysis to support the rulemaking for light-duty vehicle greenhouse gas emissions standards (EPA 
2010a). Overall, the performance for the 2005 modeling platform was similar to that for other national- 
and regional-scale applications, and the model was able to reproduce historical concentrations of ozone 
and PM2.5 with low bias and error results. 
 
In addition, EPA recently used the 2005 MM5 inputs with a similar air quality model (CAMx) for the 
Transport Rule (EPA 2010b) analysis, and the inputs for 2005 from MM5 have been applied in this 
analysis with CMAQ without modification. Overall, EPA found that the performance of CAMx for 2005 
showed similar performance statistics for ozone and PM2.5 compared to other recent national-scale 
applications conducted for other years with the CMAQ modeling system. For 2005, the CAMx model 
tended to over predict low observed 8-hour daily ozone concentrations and under predict high observed 
concentrations. Observed sulfate and ammonium concentrations were under predicted for the summer 
months and over predicted for the other months, while particulate nitrate was under predicted in the 
winter months at both rural and urban monitors. Although it is difficult to directly attribute the effects on 
the performance of the air quality model to known biases in the meteorological inputs, the general 
underprediction of both high 8-hour ozone and PM2.5 components in the summer months in the Eastern 
U.S, grid is likely, in part, due to the overestimation of rainfall in the South and Southeast during these 
months by MM5.  
 
In summary, given the performance of the MM5, CMAQ and CAMx modeling systems in replicating the 
2005 annual period, the use of the MM5-derived inputs to drive the CMAQ air quality modeling system 
for the HD analysis should provide acceptable estimates of 8-hour ozone and PM2.5 concentrations 
throughout the U.S. Based on past performance, simulated concentrations of peak 8-hour ozone and PM2.5 
species in the summer months in the Eastern U.S. are likely somewhat underestimated, and may have 
some affect on concentration estimates derived for each scenario and each alternative, although the use of 
the relative differences between the future baseline and each of the scenarios, rather than absolute 
concentrations, tends to mitigate the influence of bias that may exist in the simulated base year 
concentration fields derived with the MM5/CMAQ modeling system. 
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3.2.4 Post-Processing and Quality Assurance Procedures 

Quality assurance of the CMAQ runs included the following steps: 

• Scripts were routinely checked to ensure that the correct input files and output file names 
were used. Any error messages generated by CMAQ were checked and reconciled. 

• Plots of ozone, PM2.5 and selected particulate species were prepared for each month and 
for each simulation.  For ozone, concentrations for the 15th day of each month were 
plotted; for PM2.5, monthly averages were plotted. These were examined and compared 
with the results for other runs. The concentration patterns and values were checked for 
reasonableness. The results for each month and each alternative were compared to ensure 
that differences in the CMAQ results were consistent with the emissions changes.  

Following the quality assurance of the modeling results, the CMAQ results were post-processed 
for input to the health impacts and benefits modeling, as discussed in Section 4 of this report. 

3.3 CMAQ MODELING RESULTS 

For both the Direct and Indirect Effects and Cumulative Impact Scenarios, results for the No 
Action Alternative are presented first, followed by the differences between each action alternative and the 
No Action Alternative for that scenario. The modeling results for ozone and PM2.5 were used to calculate 
health effects and monetized health-related benefits in Section 4 of this report. 

3.3.1 Direct and Indirect Effects  

Results for the Direct and Indirect Effects Scenario are presented and compared in this section. 
The results for ozone are presented first, followed by the results for PM2.5.  

3.3.1.1  Ozone 

Figure 3.3.1-1 displays simulated daily maximum 8-hour ozone concentration (ppb) for the 15th 
of June for the No Action Alternative under the Direct and Indirect Effects Scenario. This day was 
selected as an example ozone-season day for display of the ozone concentrations (for all simulations), 
primarily because of relatively higher ozone concentrations on this day compared to other days 
comprising the simulation period but also because the meteorological conditions and resulting 
concentration patterns are typical of the ozone season. The date and time given on this and all subsequent 
figures refer to the meteorological base year (2005) and start hour for the selected day or averaging 
period. The minimum and maximum values for any location within the domain are also provided, along 
with their grid cell (x,y) locations.  
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Figure 3.3.1-1. Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June 
2030: No Action Alternative Under the Direct and Indirect Effects Scenario 

 
 

 
Figure 3.3.1-1 indicates that daily maximum ozone concentrations for this day are generally less 

than 75 ppb (the current 8-hour ozone NAAQS level). There are few areas with higher ozone 
concentrations, especially in the Mid South and along the Northeast Corridor. This finding is 
representative of the ozone results for 2030, which show that most areas would be in attainment of the 
current 8-hour ozone standard. From a meteorological perspective, the observed ozone concentration 
patterns on June 15, 2005 were affected by typical early summer, large-scale weather features situated 
over the continental U.S., with an upper-level ridge centered over the west-central portion of the country, 
stretching from the Dakotas to Texas, and an upper-level trough situated on a line from Ontario to the 
Ohio Valley. The upper-level ridge and associated surface high pressure system resulted in clear skies, no 
precipitation, light winds and normal to above normal temperatures in the western U.S. The trough and 
associate low pressure system and weak cold front that stretched from the New England states towards the 
southeast states, resulted in normal seasonal high temperatures and areas of light precipitation in the 
Upper Midwest, Ohio Valley and New England states, while the southern tier of states exhibited above 
normal high temperatures in the mid to upper 90’s, mostly clear skies and little precipitation. The winds 
aloft over areas of the western U.S. affected by the ridge were fairly light, while the winds over the Great 
Lake states and upper Ohio Valley areas affected by the trough were moderate. 

Figures 3.3.1-2 (a)-(d) illustrate the simulated differences in daily maximum 8-hour ozone 
between each action alternative and the No Action Alternative under the the Direct and Indirect Effects 
Scenario (Alternative 6A minus No Action, Alternative 6 minus No Action, Alternative 6B minus No 
Action, and Alternative 8 minus No Action). Again the results for June 15th are displayed. The small 
increases and decreases in ozone concentration are characteristic of all simulation days. The increases in 
ozone concentration (for example, near Los Angeles) reflect that the response of the model to changes in 
certain emissions is quite complex and that reductions in precursor emissions such as nitric oxide (NO) 
can lead to increases in secondary pollutants. Under certain conditions (usually characterized by a high 
VOC to NOx ratio), decreases in NOx emissions can lead to increases in ozone. This is typically expected 
to occur in urban areas. 

Although the differences in ozone concentration are projected to be small, especially compared to 
the current ozone standard (75 ppb), the extent and magnitude of the changes (primarily decreases) in 
ozone concentration are consistent with the emissions changes and the stringency of each alternative.  The 
differences in ozone concentration between each alternative and the No Action Alternative (decreases in 
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concentration) are smallest for Alternative 6A, and slightly larger for and similar among Alternatives 6, 
6B and 8.    

Figure 3.3.1-2. Difference in Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) 
for 15 June: Alternatives 6A, 6, 6B and 8 Minus the No Action Alternative Under the Direct 

and Indirect Effects Scenario 
 

(a) Alternative 6A  (b) Alternative 6 

 

(c) Alternative 6B  

 

(d) Alternative 8 

 

 

 
3.3.1.2  PM2.5 

Figure 3.3.1-3 displays simulated annual average PM2.5 concentration (μgm-3) for the No Action 
Alternative under the Direct and Indirect Effects Scenario. This plot indicates areas of higher PM2.5 in the 
eastern United States and in California, with an area of relative high concentrations over several Midwestern 
states. Except for an isolated grid cell or two, no areas are characterized by annual average concentrations 
greater than the current annual NAAQS of 15 μgm-3. The date and time given on the figures refer to the 
meteorological base year and start hour for the selected day or averaging period. The minimum and 
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maximum values for any location within the domain are also provided, along with their grid cell (x,y) 
locations.  

Figure 3.3.1-3. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action 
Alternative Under the Direct and Indirect Effects Scenario 

 
 

 
 
PM2.5 is composed of various components including sulfate, nitrate, organic carbon and elemental carbon. 
Precursor emissions for all four component species would be affected by the proposed HD Fuel 
Efficiency Improvement Program, from both the tailpipe and upstream emissions. Simulated 
concentrations of these component species are plotted in Figures 3.3.1-4 (a)-(d). 
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Figure 3.3.1-4. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action 

Alternative Under the Direct and Indirect Effects Scenario 
 

(a) Sulfate (b) Nitrate 

 
(c) Organic Carbon (d) Elemental Carbon 

 
 

Figures 3.3.1-5 (a)-(d) display the difference in simulated annual average PM2.5 concentration  
(μgm-3) for each alternative compared to the No Action Alternative under the Direct and Indirect Effects 
Scenario (Alternative 6A minus No Action, Alternative 6 minus No Action, Alternative 6B minus No 
Action, and Alternative 8 minus No Action).  
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Figure 3.3.1-5. Difference in Annual Average PM2.5 Concentration (µgm-3): Alternatives 6A, 
6, 6B and 8 Minus the No Action Alternative Under the Direct and Indirect Effects 

Scenario 
 

(a) Alternative 6A  (b) Alternative 6 

 

(c) Alternative 6B  

 

(d) Alternative 8 

 

 
The absolute and relative differences are projected to be larger for PM2.5 than for ozone, and are 

characterized predominantly by decreases in PM2.5 concentration. The extent and magnitude of the 
changes in PM2.5 concentration are consistent with the emissions changes and the stringency of each 
alternative. The differences in concentration between each alternative and the No Action Alternative 
(decreases in concentration) are smallest for Alternative 6A, and slightly larger for and similar among 
Alternatives 6, 6B and 8. The maximum simulated decrease in annual average PM2.5 for any grid cell in 
the domain and any alternative is approximately 0.14 µgm-3 for Alternative 8. The largest decreases occur 
in the eastern U.S. and in California, where PM2.5 concentrations tend to be the highest. There are also 
decreases in areas associated with oil and gas production and refining, such as the Gulf Coast (near 
Houston and Baton Rouge) and central California. This pattern suggests that the some of the decreases in 
PM2.5 are attributable to reductions in the upstream emissions.  
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3.3.2 Cumulative Impacts 

Results for the Cumulative Impacts Scenario are presented and compared in this section. 

3.3.2.1  Ozone 

Figure 3.3.2-1 displays simulated daily maximum 8-hour ozone concentration (ppb) for the 15th of June for 
the No Action Alternative under the Cumulative Impacts Scenario. The simulated ozone concentrations are 
very similar to those presented for the Directs and Indirect Effects Scenario, reflecting only small 
differences in emissions between the scenarios for 2030. 
 
Figure 3.3.2-1. Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) for 15 June 

2030: No Action Alternative Under the Cumulative Impacts Scenario 

 
 

 
Figures 3.3.2-2 (a)-(d) illustrate the differences in simulated daily maximum 8-hour ozone 

between each alternative and the No Action Alternative under the Cumulative Impacts Scenario 
(Alternative 6A minus No Action, Alternative 6 minus No Action, Alternative 6B minus No Action, and 
Alternative 8 minus No Action). Again the results for June 15th are displayed. The small increases and 
decreases in ozone concentration are characteristic of all simulation days.  
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Figure 3.3.2-2. Difference in Simulated Daily Maximum 8-Hour Ozone Concentration (ppb) 
for 15 June Alternatives 6A, 6, 6B and 8 Minus the No Action Alternative Under the 

Cumulative Impacts Scenario 
 

(a) Alternative 6A  (b) Alternative 6 

 

 
(c) Alternative 6B  (d) Alternative 8 

 

Similar to the Direct and Indirect Effects Scenario, the differences in simulated ozone 
concentration are small. The differences in ozone concentration between each alternative and the no-
action alternative (primarily decreases in concentration) are smallest for Alternative 6A, and slightly 
larger for but similar among Alternatives 6, 6B and 8.   
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3.3.2.2  PM2.5 

Figure 3.3.2-3 displays simulated annual average PM2.5 concentration (μgm-3) for the No Action Alternative 
under the Cumulative Impacts Scenario. The simulated PM2.5 concentrations are very similar to those 
presented for the Direct and Indirect Effects Scenario. Simulated concentrations of the component species 
for the No Action Alternative under the Cumulative Impacts Scenario (not shown) are also very similar.  
 
Figure 3.3.2-3. Simulated Annual Average PM2.5 Concentration (µgm-3) for 2030: No Action 

Alternative Under the Cumulative Impacts Scenario 

 
 

 
Figures 3.3.2-4 (a)-(d) display the differences in simulated annual average PM2.5 concentration 

(μgm-3) for each alternative compared to the No Action Alternative under the Cumulative Impacts 
Scenario (Alternative 6A minus No Action, Alternative 6 minus No Action, Alternative 6B minus No 
Action, and Alternative 8 minus No Action).  
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Figure 3.3.2-4. Difference in Annual Average PM2.5 Concentration (µgm-3): Alternatives 6A, 
6, 6B and 8 Minus the No Action Alternative Under the Cumulative Impacts Scenario 

 
(a) Alternative 6A  (b) Alternative 6 

 

(c) Alternative 6B  (d) Alternative 8 

 
 

As for the Direct and Indirect Effects Scenario, the simulated absolute and relative differences are 
projected to be larger for PM2.5 than for ozone, and are characterized predominantly by decreases in PM2.5 
concentration. The differences in concentration between each alternative and the No Action Alternative 
(decreases in concentration) are smallest for Alternative 6A and slightly larger for and similar among 
Alternatives 6, 6B and 8. The maximum simulated decrease in annual average PM2.5 for any grid cell in 
the domain and any alternative is approximately 0.13 µgm-3 for Alternative 8. 

.  
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3.3.3 Discussion of Attributes, Limitations and Uncertainties 

The CMAQ air quality modeling system provides a reliable platform for evaluating the expected 
responses to changes in precursor emissions at the national and regional scale. The detailed, quantitative 
modeling results provide an excellent basis for comparing the effects of the action alternatives and 
provide the requisite input for the health effects modeling.  

CMAQ can account for differences in emissions as well as other factors that affect air quality and 
the resulting health impacts at any given location, such as meteorology, topography, land-use and 
atmospheric chemistry processes. Accordingly, CMAQ can simulate regional differences in the response 
of the model to the emissions changes. This is important because different regions of the country could 
experience either a net increase or a net decrease in emissions due to the proposed standards, depending 
on the relative magnitudes of the changes in emissions due to increased fuel efficiency, increased vehicle 
use and reduced fuel production and distribution. Regional differences in the response of the model to 
changes in emissions are also important in the calculation of health effects, because the air quality 
changes are matched to gridded population estimates.  

All air quality modeling exercises are affected by inherent uncertainties that derive from model 
formulation (including numerical approximations and the parameterization of physical and chemical 
processes) and inaccuracies in the input fields (including the meteorological inputs and emission 
inventory estimates). A number of key limitations and uncertainties, both general and specific to this 
analysis, are discussed below. 

One limitation of this application of CMAQ is the use of 36-km horizontal grid resolution. 
Although this grid resolution is consistent with current EPA modeling guidance and practice for annual 
and seasonal modeling for PM2.5, it is coarser than that typically used for ozone. This grid resolution 
might not be sufficiently detailed to resolve certain sub-grid scale processes in portions of the modeling 
domain and this could introduce biases or uncertainties into the simulated concentration fields. Use of 36-
km grid resolution might limit the response of the model to small changes in precursor emissions, 
especially for ozone. 

Pollutants such as ozone and PM2.5 are secondary pollutants that are formed through atmospheric 
chemical processes. There are many different reaction pathways and there are uncertainties associated 
with each pathway as represented in the CMAQ model. 

The emission estimates for on-road motor vehicles and the affected upstream emission sources 
used in this analysis are total emissions for all states and Washington, D.C. These were spatially allocated 
to each state and county using VMT and other activity information. These emissions assume that 
emission rates for vehicles are the same across the U.S. As a result, the modeling does not account for 
such factors as impacts of temperature on emissions, differences in age distribution of the fleet and 
differences in fuels (especially with regard to ethanol fraction).  

Many of the national-scale databases used for this application, including the meteorological and 
other input databases (for 2005) and the projected baseline criteria pollutant emissions data for 2030, were 
originally prepared by EPA for use in modeling exercises to support national rulemaking. However, as for 
any modeling database, it is expected that there are errors and uncertainties in the inputs that contribute to 
biases in the CMAQ results. This is especially true for the future-year modeling. For example, the 
meteorological conditions for 2005 might be representative of current conditions but would not reflect 
any effects of potential climate change in 2030. Similarly, the 2030 emissions are based on future 
estimates of population and economic and industrial activity and contain uncertainties due to potential 
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unknown social, political, and/or economic factors that could affect growth/activity and resulting future 
emissions. 
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Chapter 4  Health Effects and Benefits Modeling 
The methods and results of the health effects and benefits modeling are presented in this section. 

Following the application of CMAQ for each action alternative, the CMAQ-derived air quality estimates 
were processed for input to the BenMAP health effects analysis tool, and BenMAP was used to estimate 
the health impacts and monetized health-related benefits associated with the changes in air pollution 
simulated by CMAQ for each action alternative. The BenMAP tool includes health impact functions, 
which relate a change in the concentration of a pollutant with a change in the incidence of a health 
endpoint. BenMAP also calculates the economic value of health impacts. For this study, the health affects 
analysis considered the effects of ozone and PM2.5.  

4.1 OVERVIEW OF THE BENMAP MODELING SYSTEM 

BenMAP is a computer program developed by EPA that uses interpolation functions, population 
projections, health impact functions and valuation functions to translate simulated changes in air pollution 
concentration into changes in health-related incidences and monetized health-related benefits. BenMAP is 
primarily intended as a tool for estimating the human health effects and economic benefits associated with 
changes in ambient air pollution. EPA originally developed this tool to analyze national-scale air quality 
regulations. The health benefits and monetary values derived using BenMAP are intended to inform 
policy makers by enabling the comparison of the benefits and costs of various regulatory measures (Abt 
Associates 2008). 

BenMAP relies on the input of air quality information that can be used to calculate the change in 
ambient air pollution associated with a change in emissions. Typically, the results from two air quality 
modeling simulations (with different emission inputs) are used. In some cases, measured ambient air 
quality data can also be used. 

BenMAP calculates health effects based on expected relationships between the change in 
concentration and certain health effects (also known as health endpoints), using concentration-response 
(C-R) functions from epidemiology studies (Abt Associates 2008). The response functions are used 
together with population data to estimate health effects. For a model-based application, health effects are 
calculated on a grid cell-by-grid cell basis and then summed to obtain regional and national-scale 
estimates. In its most basic form, the health effect for a given health endpoint is a function of the change 
in air concentration, concentration-response estimates and population. Primary health endpoints include 
premature mortality, heart attacks and chronic respiratory illnesses.  

After estimating the change in adverse health effects associated with a given change in air quality, 
BenMAP calculates the monetary benefits associated with those changes (Abt Associates 2008). Simply, 
the economic value is based on the change in the incidence of a certain adverse health effect multiplied by 
the value of the health effect (on a per-incident or per-case basis). For example, the value associated with 
avoided premature mortality is typically calculated using the Value of Statistical Life (VSL), which is the 
monetary amount that people are willing to pay to slightly reduce the risk of premature death. For other 
health effects, the medical costs of the illness are typically used to estimate value. The BenMAP database 
includes several different valuation functions for the health endpoints. 
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4.2 BENMAP APPLICATION PROCEDURES FOR THE NHTSA MODELING ANALYSIS 

Prior to the application of BenMAP, the CMAQ model output files were reformatted for input 
into the BenMAP tool. The analysis period for ozone for the application of BenMAP is a subset of the 
CMAQ simulation period and includes only May through September. The input files for ozone contain 
154 days of hourly average ozone concentrations for each grid cell in the CMAQ modeling domain. The 
analysis period for PM2.5 for the application of BenMAP is the full annual CMAQ simulation period. The 
input files for PM2.5 contain 365 days of 24-hour average PM2.5 concentration for each grid cell. The area 
covered by the BenMAP analysis is the continental U.S. BenMAP includes population data at the census-
tract level and algorithms for characterizing demographic changes (age distribution) over time. For this 
analysis, population estimates for 2030 were used. This is consistent with the CMAQ simulation year of 
2030. BenMAP was applied separately for ozone and PM2.5. 

BenMAP calculates the changes in health effects and monetized health-related benefits by 
comparing the results of two simulations. For this study, BenMAP was used to calculate the change in 
health effects and monetized health-related benefits for each action alternative compared to the No Action 
Alternative. This was done separately for the Direct and Indirect Effects and Cumulative Impacts 
Scenarios and resulted in eight BenMAP applications using the CMAQ results for:  

• Alternative 6A and the No Action Alternative under the Direct and Indirect Effects Scenario; 

• Alternative 6 and the No Action Alternative under the Direct and Indirect Effects Scenario; 

• Alternative 6B and the No Action Alternative under the Direct and Indirect Effects Scenario; 

• Alternative 8 and the No Action Alternative under the Direct and Indirect Effects Scenario; 

• Alternative 6A and the No Action Alternative under the Cumulative Impacts Scenario; 

• Alternative 6 and the No Action Alternative under the Cumulative Impacts Scenario;  

• Alternative 6B and the No Action Alternative under the Cumulative Impacts Scenario; and 

• Alternative 8 and the No Action Alternative under the Cumulative Impacts Scenario. 

Difference plots of the CMAQ-derived ozone and PM2.5 concentrations for each of these pairs of 
simulations were presented in Figures 3.3.1-2, 3.3.1-5, 3.3.2-2, and 3.3.2-4, and the corresponding 
BenMAP results reflect those differences. 

For each pollutant and simulation couple, the application of BenMAP included four steps: 

• Incorporation of the CMAQ modeling results into the air quality grid files required by 
BenMAP (air quality grid creation); 

• Calculation of the change in the incidence of adverse health effects based on the differences 
in the CMAQ-derived ozone and PM2.5 concentrations between the two simulations;  

• Aggregation of the incidence results and calculation of the economic value of the aggregated 
incidences; and  

• Preparation of tabular and graphical summaries; quality assurance and analysis of the results. 

In the air quality grid creation step, the CMAQ model results were used directly. An option to use 
the model results together with observed data (the relative monitor and model method) was tested and the 
outcome was confirmed to be very similar to that for the chosen approach.  
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Figure 4.2-1 illustrates the steps and components of the BenMAP application procedure. 

Figure 4.2-1. Schematic Diagram of the NHTSA HD Fuel Efficiency Improvement Program
BenMAP Health Effects and Benefits Analysis 

BenMAP
Configuration Files

CMAQ Ozone & PM2.5 Concentrations 
(No Action Alternative) 

BenMAP

CMAQ Ozone & PM2.5 Concentrations 
(Action Alternative)

Health Effects (Incidence)
Differences due to Simulated 

Differences in Air Quality 

Valuation ($$) of Changes in Health 
Incidences due to Simulated 

Differences in Air Quality

Mortality (Change 
in # of Cases) 

Morbidity - Various 
Endpoints (Change 

in # of Cases) 

Monetized 
Health Effects 
(Mortality) ($$) 

Monetized 
Health Effects 

(Morbidity 
Endpoints) ($$)  

 
 

4.2.1 Health Impact Functions 

BenMAP was used to calculate reductions in both mortality and a range of non-fatal health 
effects (morbidity), based on epidemiological studies of a number of U.S. and non-U.S. (Canadian) 
populations.  

BenMAP can estimate changes in a wide range of health impact “endpoints” associated with 
changes in ozone and PM2.5 exposure. The endpoints are grouped broadly as “mortality” and “morbidity.” 
Mortality endpoints include changes in “all-cause” mortality, as well as mortality due to specific causes, 
such as cardiopulmonary disease. Morbidity endpoints include specific illnesses and symptoms (for 
example, asthma exacerbations), events requiring medical care (emergency room visits and hospital 
admissions) and adverse effects that involve lost work or restricted activity days. 

EPA has evaluated the literature related to the adverse effects of ozone and particulate exposures 
and identified a set of endpoints for which the associations are considered to be well established, and for 
which reliable exposure-response relationships have been developed (Abt Associates 2008). The health 
endpoints used for this analysis are listed in Table 4.2.1-1 and 4.2.1-2 for ozone and PM2.5, respectively. 
The endpoints include changes in mortality (for both adults and infants), as well as a range of morbidity 
endpoints related to respiratory and cardiovascular diseases and symptoms, hospital admissions and lost 
work or lost activity days. The age range for each endpoint is provided in the tables. 
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Table 4.2.1-1 
 

Health Impact Functions Used to Estimate Ozone-Related Health Effects 
Endpoint Author/Study/Location (If Applicable) Age 

Range 
Notes

Mortality, Non-Accidental Ito et al. (2005)  0-99 a, b 
Mortality, Non-Accidental Schwartz (2005) (14 U.S. cities) 0-99 a,c 
Mortality, Non-Accidental Bell et al. (2004) (95 U.S. Cities) 0-99 a,b 
Mortality, All Cause Levy et al. (2005) (US & non-U.S.) 0-99 a,c 
Mortality, All Cause Bell et al. (2005) (US & non-U.S.) 0-99 a,b 
Mortality, Cardiopulmonary Huang et al. (2005) (19 U.S. cities) 0-99 a,b 
Emergency Room Visits, Asthma Jaffe et al. (2003) (Ohio cities) 5-34 a 
Emergency Room Visits, Asthma Peel et al. (2005) (Atlanta, GA) 0-99 a 
Emergency Room Visits, Asthma Wilson et al. (2005) (Portland, ME) 0-99 a 
Emergency Room Visits, Asthma Wilson et al. (2005) (Manchester, NH) 0-99 a 
Hospital Admissions, All Respiratory Burnett et al. (2001) (Toronto, CAN) 0-1 a,c 
Hospital Admissions, All Respiratory Schwartz ((New Haven, CT) 65-99 a,b 
Hospital Admissions, All Respiratory Schwartz (Tacoma, WA) 65-99 a,b 
Hospital Admissions, Chronic Lung Disease Moolgavkar et al. (1997) (Minneapolis, MN) 65-99 a,d 
Hospital Admissions, Pneumonia Moolgavkar et al. (1997) (Minneapolis, MN) 65-99 a,d 
Hospital Admissions, Pneumonia Schwartz (1994) (Detroit, MI) 65-99 a,d 
Hospital Admissions, Pneumonia Schwartz (1994)(Minneapolis, MN) 65-99 a,d 
Hospital Admissions, Chronic Lung Disease 
(less Asthma) 

Schwartz (1994) (Detroit, MI) 65-99 a,d 

School Loss Days, All  Chen et al. (2000) (Washoe Co, NV) 5-17 a,f 
School Loss Days, All Gilliland et al. (2001) (So. CA) 5-17 a,e 
Worker Productivity Crocker & Horst (Nationwide) 18-64 a,d 
Acute Respiratory Symptoms Ostro & Rothschild (1989) (Nationwide) 18-64 a,g 
_________________  
a/ Metric is daily maximum 8-hour ozone.  
b/ Metric is daily maximum 8-hour ozone. Warm season. 8-hour max from 24-hour mean. 
c/ Metric is daily maximum 8-hour ozone. Warm season. 8-hour max from 1-hour mean. 
d/ Metric is daily maximum 8-hour ozone. All year. 8-hour max from 24-hour mean. 
e/ Metric is daily maximum 8-hour ozone. All year. 8-hour max from 8-hour mean.  
f/ Metric is daily maximum 8-hour ozone. All year. 8-hour max from 1-hour mean. 
g/ Metric is daily maximum 8-hour ozone. 8-hour max from 1-hour mean. 

 

Pooled estimates for ozone include: emergency room visits for respiratory symptoms and hospital 
admissions for respiratory symptoms. 

 
Table 4.2.1-2 

 
Health Impact Functions Used to Estimate PM2.5-Related Health Effects 

Endpoint Author/Study/Location (If Applicable) Age 
Range 

Notes

Mortality, All Cause Laden et al. (2006) (6 cities) 25-99  
Mortality, All Cause Pope et al. (2002) (51 cities) 30-99  
Mortality, All Cause Woodruff et al. (1997) (86 cities)  0-1 a 
Mortality, All Cause Woodruff et al. (1997) (86 cities) 0-1 d 
Mortality, All Cause Woodruff et al. (2006) (204 counties)  0-1 a 
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Table 4.2.1-2 
 

Health Impact Functions Used to Estimate PM2.5-Related Health Effects 
Endpoint Author/Study/Location (If Applicable) Age 

Range 
Notes

Mortality, All Cause Woodruff et al. (2006) (204 counties)  0-1  
Mortality, All Cause Krewski et al. (2009) (116 U.S. cities) 30-99  
Mortality, All Cause Pope et al. (2002) (51 cities) 30-99 a 
Mortality, All Cause Pope et al. (2002) (51 cities) 30-99 b 
Mortality, All Cause Pope et al. (2002) (51 cities) 30-99 c 
Mortality, All Cause Pope et al. (2002) (51 cities) 30-99 d 
Mortality, All Cause Expert Elicitation (2006) 30-99 e 
Mortality, All Cause Expert Elicitation (2006) 30-99 f 
Mortality, All Cause Expert Elicitation (2006) 30-99 g 
Mortality, All Cause Expert Elicitation (2006) 30-99 h 
Mortality, All Cause Expert Elicitation (2006) 30-99 i 
Mortality, All Cause Expert Elicitation (2006) 30-99 j 
Mortality, All Cause Expert Elicitation (2006) 30-99 k 
Mortality, Ischemic Heart Disease Krewski et al. (2009) (116 U.S. cities) 30-99  
Mortality, Lung Cancer Krewski et al. (2009) (116 U.S. cities) 30-99  
Chronic Bronchitis Abbey et al. (1995) (SF,SD, South Coast 

Air Basin) 
27-99  

Chronic Bronchitis Abbey et al. (1995) (SF,SD, South Coast 
Air Basin) 

27-99 a 

Chronic Bronchitis Abbey et al. (1995) (SF,SD, South Coast 
Air Basin) 

27-99 d 

Acute Bronchitis Dockery et al. (1996) (24 communities) 8-12  
Acute Bronchitis Dockery et al. (1996) (24 communities) 8-12 d 
Acute Myocardial Infarction, Nonfatal Peters et al. (2001) (Boston, MA) 18-99  
Acute Myocardial Infarction, Nonfatal Peters et al. (2001) (Boston, MA) 18-99 a 
Hospital Admissions, Chronic Lung Disease Moolgavkar (2003) (Los Angeles, CA)  65-99 a,e
Hospital Admissions, Chronic Lung Disease Ito (2003) (Detroit, MI) 65-99 a,e
Hospital Admissions, Chronic Lung Disease 
(less Asthma) 

Moolgavkar (2000) (Los Angeles, CA) 18-64 a,e 

Hospital Admissions, Pneumonia Ito 65-99 a,e 
Hospital Admissions, Asthma Norris et al. (1999) (Seattle, WA) 0-17 a,e 
Hospital Admissions, All Cardiovascular (less 
Myocardial Infarctions) 

Moolgavkar 18-64 a,e 

Hospital Admissions, All Cardiovascular (less 
Myocardial Infarctions) 

Moolgavkar 65-99 a,e 

Hospital Admissions, Ischemic Heart Disease 
(less Myocardial Infarctions) 

Ito (2003) (Detroit, MI) 65-99 a,e 

Hospital Admissions, Dysrhythmia Ito (2003) (Detroit, MI) 65-99 a,e 
Hospital Admissions, Congestive Heart 
Failure 

Ito (2003) (Detroit, MI) 65-99 a,e 

Acute Bronchitis Dockery, D.W. et al.,  8-12 a,d 
Emergency Room Visits, Asthma Norris et al. (1999) Seattle, WA 0-17 a,e 
Minor Restricted Activity Days Ostro and Rothschild (1989) (Nationwide) 18-64 a,e 
Lower Respiratory Symptoms Schwartz and Neas (2000) (6 U.S. cities) 7-14 a,e 
Asthma Exacerbation, Cough Ostro et al. (2001) (Los Angeles) 6-18 a,e 
Asthma Exacerbation, Wheeze Ostro et al. (2001) (Los Angeles) 6-18 a,e 
Asthma Exacerbation, Shortness of Breath Ostro et al. (2001) (Los Angeles) 6-18 a,e 
Work Loss Days Ostro (1987) (Nationwide) 18-64 a,e 
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Table 4.2.1-2 
 

Health Impact Functions Used to Estimate PM2.5-Related Health Effects 
Endpoint Author/Study/Location (If Applicable) Age 

Range 
Notes

Upper Respiratory Symptoms Pope et al. (1987) (Utah Valley) 9-11 a,e 
_________________ 
a/ Adjusted Coefficient With 10 µg Threshold 
b/ Adjusted Coefficient With 12 µg Threshold 
c/ Adjusted Coefficient With 15 µg Threshold 
d/ Adjusted Coefficient With 7.5 µg Threshold 
e/ Full Range 
f/ Range from > 10 to 30 µg 
g/ Range from >16 to 30 (no threshold) 
h/ Range from >7 to 30 
i/ Range from 4 to 7 µg 
j/ Range from 4 to 10 µg 
k/ Range from 4 to 16 µg (no threshold) 

 

Pooled estimates for PM2.5 include: acute myocardial infarction, hospital admissions for 
respiratory symptoms and hospital admissions for cardiovascular symptoms. In the health incidence 
calculation step, no threshold value was specified, consistent with EPA guidance. The optional use of a 
threshold value can be used to examine the sensitivity of PM-related health impact estimates to different 
assumed thresholds. The results options for this study include the mean value, incremental percentile 
values and standard deviation.  

4.2.2 Valuation Metrics 

BenMAP was also used to estimate monetized health-related benefits (based on value of 
statistical life studies, lost wages and health care expenses) associated with the health impacts. These 
estimates are derived using a set of monetary surrogates for the various health effects developed by EPA 
and public health researchers. BenMAP also tracks changes over time in willingness-to-pay for reductions 
in health risks, and includes adjustment factors that incorporate the effect of inflation on health costs.  

The assessment of monetized health-related benefits involves assigning monetary values to each 
health endpoint, and totaling all benefits associated with changes in pollutant exposures. Different 
valuation methods are used for the various health endpoints. The monetary surrogate value for mortality is 
derived using a Value of Statistical Life (VSL) approach, that is, the monetary cost of a single “statistical” 
death (Abt Associates 2008). The VSL used for this analysis is $6.3 million (in 2000-equivalent dollars). 

Valuation methods for morbidity endpoints (non-fatal health effects) include approaches referred 
to as cost-of-illness (COI), willingness-to-pay (WTP) and lost wages or productivity (Abt Associates 
2008). COI estimates comprise a range of approaches, which account for the costs of medical care and in 
some cases lost wages. WTP approaches refer to methods where voluntary payments to avoid disease are 
directly or indirectly estimated and used to estimate monetized health-related benefits. Finally, lost 
productivity methods value the time lost to illness using wage rates or the estimated value of leisure or 
school time (Abt Associates 2008). For all endpoints, the total monetized health-related benefit for a 
given endpoint is estimated by multiplying the monetary values for that endpoint by the estimated change 
in the number of “cases” of the endpoint. For most studies, morbidity values are small compared to the 
mortality values. Thus, the specific valuation methods used for morbidity have only a small effect on the 
overall monetized health-related benefits estimates.  
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The endpoints and methods used for the valuation portion of the analysis are listed in Table 4.2.2-
1 and 4.2.2-2 for ozone and PM2.5, respectively. The endpoints include monetized health-related benefits 
associated with changes in mortality, as well as a range of morbidity endpoints. All monetized health-
related benefits results for this analysis are presented in 2009-equivalent dollars. 

Table 4.2.2-1 
 

Valuation Functions Used to Estimate Ozone-Related Monetized Health-Related Benefits 
 
Endpoint Valuation Method Notes 
    
Mortality, Non-Accidental VSL a 
Mortality, All Cause VSL a 
Mortality, Cardiopulmonary VSL a 
Hospital Admissions, Respiratory COI b 
Hospital Admissions, Respiratory COI b 
Emergency Room Visits, Respiratory COI c,d 
School Loss Days Productivity  
Worker Productivity Productivity  
Acute Respiratory Symptoms WTP  
________________________ 
a/ Based on 26 value-of life studies.  
b/ Med costs + wage loss 
c/ Stanford (1999) 
d/ Smith et al. (1997) 
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Table 4.2.2-2 

 
Valuation Functions Used to Estimate PM2.5-Related Monetized Health-Related Benefits 

Endpoint 
Valuation 
Method Notes 

Mortality VSL a 
Chronic Bronchitis WTP b  
Acute Myocardial Infarction COI c, i, m 
Hospital Admissions, Chronic Lung Disease COI d 
Hospital Admissions, Pneumonia COI d 
Hospital Admissions, Respiratory COI d 
Hospital Admissions, Cardiovascular COI d 
Emergency Room Visits, Respiratory COI k, l 
Acute Bronchitis WTP e, f 
Lower Respiratory Symptoms WTP e, f 
Upper Respiratory Symptoms WTP e, f 
Acute Respiratory Symptoms WTP e, f 
Work Loss Days Productivity g 
Asthma Exacerbation WTP h, j 
___________________________ 
a/ Based on 26 value-of-life studies. 
b/ Average severity 
c/ 5 yrs med, 5 yrs wages, 3% DR 
d/ Medical costs + wage loss 
e/1 day illness 
f/ CV studies 
g/ Median daily wage, county-
specific 
h/ Bad asthma day 
  

i/ Russell (1998) 
j/ Rowe Chestnut (1986) 
k/ Stanford (1999) 
l/ Smith et al. (1997) 
m/ Wittels (1990) 
 
 
 
 
 

 

In the aggregation and valuation step, the results were aggregated for the national scale. Default 
options were applied in the aggregation and pooling of the results. Similarly, EPA standard inflation 
values (defaults) were used for the valuation. The results are given in 2009-equivalent dollars. 

4.2.3 Post-Processing and Quality Assurance Procedures 

As a first step in the quality assurance of the BenMAP application procedures and results, a 
protocol document outlining each step in the application of BenMAP was prepared. This was 
subsequently used as a checklist for each application and for quality assurance. Following the application 
of BenMAP, a subset of the BenMAP runs was duplicated by a second modeler using another computer 
and the results were confirmed to be the same. Finally, the results for each simulation pair were checked 
for consistency with emissions and the CMAQ modeling results. 

Tabular and graphical summaries of the results were then prepared, as presented in the following 
sections. The contents of the tables and charts were systematically checked by comparing the values with 
the raw BenMAP report files.  

4.3 BENMAP RESULTS 

As noted earlier, BenMAP was used to estimate the reduction in the incidence of various health-
related endpoints, as well as a monetized estimate of the health-related benefits for each alternative. The 



Chapter 4 Health Effects and Benefits Modeling 

 

4-9 
 

incidence and valuation results are presented in the remainder of this section. The health incidence results 
presented in this section are the BenMAP-derived mean values. The valuation estimates reflect both an 
income growth adjustment and a time lag between exposure and PM2.5 mortality.  

The income growth adjustment accounts for expected growth in real income over time. Economic 
theory suggests that WTP for most goods and services (such as environmental protection) will increase if 
income increases. To account for growth in income through 2030, the BenMAP-derived reductions were 
multiplied by 1.23 for long-term mortality, 1.27 for chronic health impacts and 1.08 for minor health 
impacts.  

The valuation results for PM2.5 assume that there is a time lag between changes in PM2.5 
concentration and changes in PM2.5 mortality. To account for this, monetized health-related benefits 
occurring in the future are discounted. For this analysis, the BenMAP-derived reductions were multiplied 
by 0.91 to achieve a 3% discount rate and by 0.82 to achieve a 7% discount rate. Similar adjustments do 
not exist for ozone.  

All of the incidence and valuation results are rounded to two significant figures. 

4.3.1 Direct and Indirect Effects 

The emissions associated with the alternatives under the Direct and Indirect Effects Scenario are 
presented in Tables 2.3-1 and 2.3-2.  

4.3.1.1  Ozone 

BenMAP results for ozone mortality for the four alternatives under the Direct and Indirect Effects 
Scenario are presented in Table 4.3.1-1. The reductions in premature mortality incidence are for the entire 
continental U.S. There are no results for the No Action Alternative because this is the baseline to which 
the CMAQ results under the action alternatives were compared within the BenMAP tool (see list of 
simulation pairs in Section 4.2). The baseline values presented in this table are a standard output from 
BenMAP and provide a point of reference for assessing the meaningfulness of the incidence results. The 
BenMAP baseline values (based on the BenMAP 2020 mortality incidence dataset for the mortality 
endpoints and on BenMAP 2000 incidence and prevalence dataset for the morbidity endpoints) represent 
deaths or health effects due to all causes, not just those related to air pollution, and these vary depending 
on the health impact function used for the referenced study.  
 

Table 4.3.1-1 
 

BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Mortality:  
Estimated Nationwide Reduction in Premature Mortality Under the Direct and Indirect Effects Scenario 

Epidemiology Study 
Reduction in No. of Cases Baseline 

Values Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Mortality, Non-Accidental (Ito et al.) 280 350 360 360 2,900,000 
Mortality, Non-Accidental (Schwartz) 98 120 120 130 2,900,000 
Mortality, Non-Accidental (Bell et al.) 63 79 79 81 2,900,000 
Mortality, All Cause (Levy et al.) 290 360 360 370 3,100,000 
Mortality, All Cause (Bell et al.) 210 260 260 260 3,100,000 
Mortality, Cardiopulmonary (Huang) 94 120 120 120 1,400,000 

 
The results vary by epidemiology study and (slightly) among the action alternatives. Alternative 

6A is associated with fewer reductions in mortality incidence than the other three alternatives. The results 
for Alternatives 6, 6B and 8 indicate more reductions than Alternative 6A and the results are about the 
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same for the three alternatives (with slightly more reductions for Alternative 8). Note that, in all cases, the 
number of premature deaths avoided is small compared to the baseline values.  

 
BenMAP results for other ozone-related health effects and associated endpoints (morbidity) are 

presented in Table 4.3.1-2. The studies cover different age groups, as indicated. The reductions in 
incidence for all endpoints are for the entire continental U.S.  

 
Table 4.3.1-2 

 
BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Morbidity: Estimated Nationwide 

Reduction in Various Morbidity Endpoints Under the Direct and Indirect Effects Scenario 

Epidemiology Study 
Reduction in No. of Cases Baseline 

Values Alternative 6A Alternative 6 Alternative 
6B 

Alternative 
8 

Emergency room visits, 
respiratory 210 260 260 270 1,900,000 
Hospital admissions, 
respiratory 640 800 800 820 3,200,000 
School loss days (age 5-17) 120,000 150,000 150,000 160,000 9,000,000,000 
Minor restricted-activity days 
(age 18-65) 360,000 450,000 460,000 470,000 1,700,000,000 
Work loss days (age 18-65) 4,200,000 5,300,000 5,300,000 5,400,000 27,000,000,000 
 

For all endpoints considered here, there are fewer reductions for Alternative 6A compared to the 
other alternatives. The results for Alternatives 6, 6B and 8 indicate more reductions than Alternative 6A.  
The results are about the same for these three alternatives (with slightly more reductions for Alternative 
8). Overall, the estimated reductions are very small compared to the baseline values.   
 

BenMAP valuation results for ozone mortality for the four alternatives under the Direct and 
Indirect Effects Scenario are presented in Table 4.3.1-3. The monetized health-related benefits represent 
nationwide changes in millions of U.S. 2009-equivalent dollars.  

 
Table 4.3.1-3 

 
BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related Mortality: Estimated 

Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality Under the Direct and 
Indirect Effects Scenario 

Epidemiology Study Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Non-accidental (Ito et al.) 2,900 3,600 3,600 3,700 
Non-accidental (Bell et al. (U.S. 
cities)) 640 790 800 810 
Non-accidental (Schwartz et al.) 980 1,200 1,200 1,300 
All causes (Levy et al.) 2,900 3,600 3,600 3,700 
All causes (Bell et al.) 2,100 2,600 2,600 2,600 
Cardiopulmonary 950 1,200 1,200 1,200 

 
The calculated monetized health-related benefits for Alternative 6 (the Preferred Alternative) 

range from 790 million to 3.6 billion dollars for the ozone-related mortality valuation estimates. The 
monetized health-related benefits are lowest for Alternative 6A. The monetized health-related benefits for 
Alternatives 6, 6B and 8 are greater than those for Alternative 6A and about the same for these three 
alternatives (with slightly higher values for Alternative 8).   
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BenMAP valuation results for other ozone-related health effects and associated endpoints 
(morbidity) are presented in Table 4.3.1-4.  

 
Table 4.3.1-4 

 
BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related Morbidity: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Various Morbidity Endpoints Under the Direct 

and Indirect Effects Scenario 

Epidemiology Study Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Emergency room visits, respiratory <1 <1 <1 <1 
Hospital admissions, respiratory 14 17 17 17 
School loss days (age 0-17) 12 15 15 15 
Work loss days (age 18-65) 5 7 7 7 
Acute respiratory symptoms (age 18-
99) 26 32 32 33 

 
For the endpoints considered here, the monetized health-related benefits are smallest for 

Alternative 6A and slightly greater for but similar among the other three alternatives. The monetized 
health-related benefits for Alternative 6 range from less than one million dollars for emergency room 
visits for respiratory symptoms to 32 million dollars for acute respiratory symptoms.  
 
4.3.1.2  PM2.5 

BenMAP results for PM2.5 mortality for the four alternatives under the Direct and Indirect Effects 
Scenario are presented in Table 4.3.1-5. The mortality estimates are based on both epidemiology literature 
and expert elicitation in which experts were asked to develop estimates of the increment in mortality that 
would be associated with increments of PM2.5 exposures, based on their understanding of the 
epidemiological literature taken as a whole (Abt Associates 2008). 

 
Table 4.3.1-5 

 
BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Mortality: Estimated Nationwide Reduction 

in Premature Mortality Under the Direct and Indirect Effects Scenario 

Epidemiology Literature 
Reduction in No. of Cases Baseline 

Values Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Harvard six-city study (Laden et al.) 960 1,200 1,200 1,300 3,000,000 
ACS study (Pope et al.) 370 470 480 500 3,000,000 
Infant mortality study (Woodruff et al.) 1 2 2 2 8,200 
      
Expert Elicitation      
Expert A 1,000 1,300 1,300 1,400 3,000,000 
Expert B 780 990 1,000 1,100 3,000,000 
Expert C 850 1,100 1,100 1,100 3,000,000 
Expert D 550 700 720 750 3,000,000 
Expert E 1,300 1,600 1,700 1,700 3,000,000 
Expert F 680 860 880 920 3,000,000 
Expert G 450 570 580 610 3,000,000 
Expert H 550 700 720 750 3,000,000 
Expert I 790 1,000 1,000 1,100 3,000,000 
Expert J 700 890 910 950 3,000,000 
Expert K 120 150 160 160 3,000,000 
Expert L 510 650 660 690 3,000,000 
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The results vary by study and among the alternatives, due to the use of different study populations 
and exposure-response relationships. Alternative 6A is associated with the fewest reductions in mortality 
incidence and Alternative 8 is generally associated with the most reductions. Note that, in all cases, the 
number of premature deaths avoided is small compared to the baseline values. 
 

BenMAP results for other PM2.5-related health effects and associated endpoints (morbidity) are 
presented in Table 4.3.1-6.  

Table 4.3.1-6 
 

BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Morbidity: Estimated Nationwide Reduction 
in Various Morbidity Endpoints Under the Direct and Indirect Effects Scenario 
 Reduction in No. of Cases Baseline 

Values Epidemiology Study Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Chronic bronchitis (age>=27) 250 320 330 340 870,000 
Emergency room visits for asthma 
(age<17) 270 340 350 370 730,000 
Acute bronchitis (age 8-12) 570 720 730 770 990,000 
Asthma exacerbation (age 6-18) 12,000 15,000 15,000 16,000 320,000,000 
Lower respiratory symptoms (age 
7-14) 7,200 9,100 9,300 9,800 17,000,000 
Upper respiratory symptoms (age 
9-11) 5,400 6,900 7,000 7,400 100,000,000 
Minor restricted-activity days (age 
18-64) 270,000 340,000 350,000 360,000 1,700,000,000 
Work loss days (age 18-64) 45,000 57,000 59,000 62,000 460,000,000 
Nonfatal myocardial infarction 
(age>17) 470 590 600 630 890,000 
Hospital admissions - respiratory 
(all ages) 73 92 94 99 1,400,000 
Hospital admissions - 
cardiovascular (age>17) 170 220 220 230 4,500,000 
 

For all endpoints considered here, there are fewer reductions for Alternative 6A compared to the 
other alternatives. The results are slightly greater for but similar among the other three alternatives (with 
slightly more reductions for Alternative 8). The reductions are small compared to the baseline values.  
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BenMAP valuation results for PM2.5 related mortality for the four alternatives under the Direct 
and Indirect Scenario with a 3% discount rate are presented in Table 4.3.1-7. The monetized health-
related benefits represent nationwide changes in millions of U.S. 2009-equivalent dollars.  

 
Table 4.3.1-7 

 
BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related Mortality with a 3% 

Discount Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality 
Under the Direct and Indirect Effects Scenario 

Epidemiology Literature 
Reduction in Millions $2009  

 
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Harvard six-city study (Laden et al.) 8,700 11,000 11,000 12,000 
ACS study (Pope et al.) 3,400 4,300 4,400 4,600 
Infant mortality study (Woodruff et al.) 11 14 14 15 
     
Expert Elicitation     
Expert A 9,3000 12,000 12,000 13,000 
Expert B 7,100 9,000 9,200 9,700 
Expert C 7,700 9,700 9,900 10,000 
Expert D 5,000 6,400 6,500 6,800 
Expert E 12,000 15,000 15,000 16,000 
Expert F 6,200 7,800 8,000 8,400 
Expert G 4,100 5,200 5,300 5,600 
Expert H 5,000 6,400 6,500 6,800 
Expert I 7,200 9,100 9,300 9,800 
Expert J 6,400 8,100 8,200 8,600 
Expert K 1,100 1,400 1,400 1,500 
Expert L 4,700 5,900 6,000 6,300 
 
 

The monetized health-related benefits for Alternative 6 range from 4.3 to 11 billion dollars for the 
premature mortality (not including infant mortality) based on epidemiological studies (Pope et al. 2002 
and Laden et al. 2006 in Abt Associates) and from 1.4 to 15 billion dollars for the expert elicitation 
estimates. The monetized health-related benefits are lowest for Alternative 6A. The monetized health-
related benefits for Alternatives 6, 6B and 8 are greater than those for Alternative 6A and about the same 
for these three alternatives (with slightly higher values for Alternative 8).   

 
BenMAP valuation results for PM2.5 related mortality with a 7% discount rate for the Direct and 

Indirect Effects Scenario are presented in Table 4.3.1-8.  
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Table 4.3.1-8 
 

BenMAP-Derived Nationwide Health Costs for PM2.5-Related Mortality with a 7% Discount Rate: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality Under the Direct and Indirect 

Effects Scenario 

Epidemiology Literature Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Harvard six-city study (Laden et al.) 7,900 10,000 10,000 11,000 
ACS study (Pope et al.) 3,100 3,900 4,000 4,200 
Infant mortality study (Woodruff et al.) 10 13 13 14 
     
Expert Elicitation     
Expert A 8,400 11,000 11,000 11,000 
Expert B 6,400 8,100 8,300 8,700 
Expert C 6,900 8,800 8,900 9,400 
Expert D 4,500 5,700 5,900 6,200 
Expert E 11,000 13,000 14,000 14,000 
Expert F 5,600 7,100 7,200 7,500 
Expert G 3,700 4,700 4,800 5,000 
Expert H 4,500 5,700 5,900 6,200 
Expert I 6,500 8,200 8,400 8,800 
Expert J 5,700 7,300 7,400 7,800 
Expert K 990 1,200 1,300 1,300 
Expert L 4,200 5,300 5,400 5,700 
 
 With the 7% discount, the monetized health-related benefits for the Preferred Alternative range 
from 3.9 to 10 billion dollars for the premature mortality (not including infant mortality) based on 
epidemiological studies (Pope et al. 2002 and Laden et al. 2006 in Abt Associates) and from 1.2 to 13 
billion dollars for the expert elicitation estimates. The monetized health-related benefits are lowest for 
Alternative 6A. The monetized health-related benefits for Alternatives 6, 6B and 8 are greater than those 
for Alternative 6A and about the same for these three alternatives (with slightly higher values for 
Alternative 8).   
 

BenMAP valuation results for other PM2.5-related health effects and associated endpoints 
(morbidity) are presented in Table 4.3.1-9.  

Table 4.3.1-9 
 

BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related Morbidity: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Various Morbidity Endpoints Under the Direct and 

Indirect Effects Scenario 

Epidemiology Study 
Reduction in Millions $2009  

Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Chronic bronchitis (age>=30) 140 177 181 190 
Emergency room visits for asthma (all ages) <1 <1 <1 <1 
Acute bronchitis (age 0-17) <1 <1 <1 <1 
Asthma exacerbation (age 0-17) 1 1 1 1 
Lower respiratory symptoms (age 0-17) <1 <1 <1 <1 
Upper respiratory symptoms (age 0-17) <1 <1 <1 <1 
Minor restricted-activity days (age >=18) 19 24 24 26 
Work loss days (age 18-65) 8 10 10 10 
Nonfatal myocardial infarction (all ages) 53 67 69 72 
Hospital admissions - respiratory (all ages) 1 2 2 2 
Hospital admissions - cardiovascular (age>17) 3 3 3 4 
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For the endpoints considered here, the monetized health-related benefits are smallest for 

Alternative 6A and slightly greater for but similar among the other three alternatives. The greatest 
reductions in monetized health-related benefits are associated with fewer incidences of chronic bronchitis 
and non-fatal myocardial infarctions. 
 
4.3.2 Cumulative Impacts 

The emissions associated with the alternatives under the Cumulative Impacts Scenario are 
presented in Tables 2.3-1 and 2.3-2.  

4.3.2.1  Ozone 

BenMAP results for ozone mortality for the four alternatives under the Cumulative Impacts 
Scenario are presented in Table 4.3.2-1. The reductions in premature mortality incidence are for the 
continental U.S. The baseline values (from BenMAP) represent deaths due to all causes, not just those 
related to air pollution, and these vary based on the health impact function used for the referenced study.  

Table 4.3.2-1 
 

BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Mortality: Estimated Nationwide 
Reduction in Premature Mortality Under the Cumulative Impacts Scenario 

Epidemiology Study 
Reduction in No. of Cases Baseline 

Values Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Mortality, Non-Accidental (Ito et al.) 270 330 330 340 2,900,000 
Mortality, Non-Accidental (Schwartz) 92 110 110 120 2,900,000 
Mortality, Non-Accidental (Bell et al.) 59 74 74 75 2,900,000 
Mortality, All Cause (Levy et al.) 270 340 340 340 3,100,000 
Mortality, All Cause (Bell et al.) 190 240 240 240 3,100,000 
Mortality, Cardiopulmonary (Huang et 
al.) 88 110 110 110 1,400,000 

 
Similar to the results for the Direct and Indirect Effects Scenario, the results vary by 

epidemiology study and (slightly) among the action alternatives. Alternative 6A is associated with fewer 
reductions in mortality incidence than the other three alternatives. The results for Alternatives 6, 6B and 8 
indicate more reductions than Alternative 6A and the results are about the same for the three alternatives 
(with slightly more reductions for Alternative 8). Note that, in all cases, the number of premature deaths 
avoided is small compared to the baseline values.  
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BenMAP results for other ozone-related health effects and associated endpoints (morbidity) are 
presented in Table 4.3.2-2.  

Table 4.3.2-2 
 

BenMAP Aggregated/Pooled Incidence Results for Ozone-Related Morbidity: Estimated Nationwide 
Reduction in Various Morbidity Endpoints Under the Cumulative Impacts Scenario 

Epidemiology 
Study 

Reduction in No. of Cases Baseline 
Values Alternative 6A Alternative 6 Alternative 6B Alternative 8 

Emergency 
room visits, 
respiratory 200 240 240 270 1,900,000 
Hospital 
admissions, 
respiratory 600 750 750 820 3,200,000 
School loss 
days (age 5-
17) 110,000 140,000 140,000 160,000 9,000,000,000 
Minor 
restricted-
activity days 
(age 18-65) 340,000 430,000 430,000 470,000 1,700,000,000 
Work loss 
days (age 18-
65) 4,000,000 5,000,000 5,000,000 5,400,000 27,000,000,000 

 
For all endpoints considered here, there are fewer reductions for Alternative 6A compared to the 

other alternatives. The results for Alternatives 6, 6B and 8 indicate more reductions than Alternative 6A 
(and the greatest number of reductions for Alternative 8). Overall, the estimated reductions are very small 
compared to the baseline values.   
 

BenMAP valuation results for ozone mortality for the four alternatives under the Cumulative 
Impacts Scenario are presented in Table 4.3.2-3. The monetized health-related benefits represent 
nationwide changes, in millions of U.S. 2009-equivalent dollars.  

Table 4.3.2-3 
 

BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related Mortality: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality Under the Cumulative 

Impacts Scenario 

Epidemiology Study Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Non-accidental (Ito et al.) 2,700 3,300 3,400 3,400 
Non-accidental (Bell et al. (U.S. 
cities)) 600 750 750 760 
Non-accidental (Schwartz et al.) 920 1,100 1,100 1,200 
All causes (Levy et al.) 2,700 3,400 3,400 3,500 
All causes (Bell et al.) 1,900 2,400 2,400 2,500 
Cardiopulmonary 890 1,100 1,100 1,100 

  
The calculated monetized health-related benefits for Alternative 6 (the Preferred Alternative) range from 
750 million to 3.3 billion dollars for the ozone-related mortality valuation estimates. The monetized 
health-related benefits are lowest for Alternative 6A. The monetized health-related benefits for 
Alternatives 6, 6B and 8 are greater than those for Alternative 6A and about the same for the three 
alternatives (with slightly higher values for Alternative 8).      
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BenMAP valuation results for other ozone-related health effects and associated endpoints 
(morbidity) are presented in Table 4.3.2-4.  

Table 4.3.2-4 
 

BenMAP-Derived Nationwide Monetized Health-Related Benefits for Ozone-Related Morbidity: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Various Morbidity Endpoints Under the Cumulative 

Impacts Scenario 

Epidemiology Study Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Emergency room visits, respiratory <1 <1 <1 <1 
Hospital admissions, respiratory 13 16 16 16 
School loss days (age 0-17) 11 14 14 14 
Work loss days (age 18-65) 5 6 6 7 
Acute respiratory symptoms (age 18-99) 24 30 30 31 
 

For the endpoints considered here, the monetized health-related benefits are smallest for 
Alternative 6A and slightly greater for but similar among the other three alternatives. The monetized 
health-related benefits for Alternative 6 range from less than one million dollars for emergency room 
visits for respiratory symptoms to 30 million dollars for acute respiratory symptoms.  
 
4.3.2.2  PM2.5 

BenMAP results for PM2.5 mortality for the four alternatives under the Cumulative Impacts 
Scenario are presented in Table 4.3.2-5. The mortality estimates are based on both epidemiology literature 
and expert elicitation.  

 
Table 4.3.2-5 

 
BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Mortality: Estimated Nationwide 

Reduction in Premature Mortality Under the Cumulative Impacts Scenario 

Epidemiology Literature 
Reduction in No. of Cases Baseline 

Values Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Harvard six-city study (Laden et al.) 890 1,100 1,100 1,200 3,000,000 
ACS study (Pope et al.) 350 440 450 470 3,000,000 
Infant mortality study (Woodruff et 
al.) 1 1 1 2 8,200 
      
Expert Elicitation      
Expert A 950 1,200 1,200 1,300 3,000,000 
Expert B 730 920 930 970 3,000,000 
Expert C 780 990 1,000 1,100 3,000,000 
Expert D 510 650 660 690 3,000,000 
Expert E 1,200 1,500 1,500 1,600 3,000,000 
Expert F 630 800 810 840 3,000,000 
Expert G 420 530 540 560 3,000,000 
Expert H 510 650 660 690 3,000,000 
Expert I 730 930 940 980 3,000,000 
Expert J 650 820 840 870 3,000,000 
Expert K 110 140 140 150 3,000,000 
Expert L 470 600 610 640 3,000,000 
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Alternative 6A is associated with the fewest reductions in mortality incidence and Alternative 8 is 
generally associated with the most reductions.  Note that, in all cases, the number of premature deaths 
avoided is small compared to the baseline values. 
 

BenMAP results for other PM2.5-related health effects and associated endpoints (morbidity) are 
presented in Table 4.3.2-6.  

Table 4.3.2-6 
 

BenMAP Aggregated/Pooled Incidence Results for PM2.5-Related Morbidity: Estimated Nationwide 
Reduction in Various Morbidity Endpoints Under the Cumulative Impacts Scenario 

 Reduction in No. of Cases Baseline 
Values Epidemiology Study Alternative 

6A 
Alternative 

6 
Alternative 

6B 
Alternative 

8 
Chronic bronchitis (age>=27) 240 300 300 320 870,000 
Emergency room visits for asthma 
(age<17) 250 320 320 340 730,000 
Acute bronchitis (age 8-12) 520 660 680 710 990,000 
Asthma exacerbation (age 6-18) 11,000 14,000 14,000 15,000 320,000,000 
Lower respiratory symptoms (age 
7-14) 6,700 8,400 8,600 9,000 17,000,000 
Upper respiratory symptoms (age 
9-11) 5,000 6,400 6,500 6,800 100,000,000 
Minor restricted-activity days (age 
18-64) 250,000 310,000 320,000 330,000 1,700,000,000 
Work loss days (age 18-64) 42,000 53,000 54,000 57,000 460,000,000 
Nonfatal myocardial infarction 
(age>17) 430 550 560 580 890,000 
Hospital admissions - respiratory 
(all ages) 68 86 87 91 1,400,000 
Hospital admissions - 
cardiovascular (age>17) 160 200 200 210 4,500,000 

 
There are fewer reductions for Alternative 6A compared to the other alternatives. The reductions 

are greater for but similar among the other three alternatives (with slightly more reductions for 
Alternative 8). The reductions are small compared to the baseline values.   
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BenMAP valuation results for PM2.5-related mortality for the four alternatives under the 
Cumulative Impacts Scenario with a 3% discount rate are presented in Table 4.3.2-7.  

Table 4.3.2-7 
 

BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related Mortality with a 3% 
Discount Rate: Estimated Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality 

Under the Cumulative Impacts Scenario 

Epidemiology Literature 
Reduction in Millions $2009  

 
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Harvard six-city study (Laden et al.) 8,100 10,000 10,000 11,000 
ACS study (Pope et al.) 3,200 4,000 4,100 4,200 
Infant mortality study (Woodruff et al.) 10 13 13 14 
     
Expert Elicitation     
Expert A 8,600 11,000 11,000 12,000 
Expert B 6,600 8,400 8,500 8,900 
Expert C 7,100 9,000 9,200 10,000 
Expert D 4,700 5,900 6,000 6,300 
Expert E 11,000 14,000 14,000 15,000 
Expert F 5,700 7,300 7,400 7,700 
Expert G 3,800 4,800 4,900 5,100 
Expert H 4,700 5,900 6,000 6,300 
Expert I 6,700 8,400 8,600 9,000 
Expert J 5,900 7,500 7,600 7,900 
Expert K 1,000 1,300 1,300 1,400 
Expert L 4,300 5,500 5,500 5,800 
 

The monetized health-related benefits for Alternative 6  range from 4 to 10 billion dollars for the 
premature mortality (not including infant mortality) based on epidemiological studies (Pope et al. 2002 
and Laden et al. 2006 in Abt Associates) and from 1.3 to 14 billion dollars for the expert elicitation 
estimates. The monetized health-related benefits are lowest for Alternative 6A. The monetized health-
related benefits for Alternatives 6, 6B and 8 are greater than those for Alternative 6A and about the same 
for the three alternatives (with slightly higher values for Alternative 8).   
 

BenMAP valuation results for PM2.5-related mortality with a 7% discount rate for the Cumulative 
Impacts Scenario are presented in Table 4.3.2-8.  
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Table 4.3.2-8 

 
BenMAP-Derived Nationwide Health Costs for PM2.5-Related Mortality with a 7% Discount Rate: Estimated 

Monetized Benefits (Millions U.S. Dollars/Year) Related to Premature Mortality Under the Cumulative 
Impacts Scenario 

Epidemiology Literature Reduction in Millions $2009  
Alternative 6A Alternative 6 Alternative 6B Alternative 8

Harvard six-city study (Laden et al.) 7,300 9,200 9,400 9,800 
ACS study (Pope et al.) 2,800 3,600 3,700 3,800 
Infant mortality study (Woodruff et al.) 9 12 12 12 
     
Expert Elicitation     
Expert A 7,800 9,800 10,000 10,000 
Expert B 6,000 7,500 7,700 8,000 
Expert C 6,400 8,100 8,300 8,600 
Expert D 4,200 5,300 5,400 5,700 
Expert E 9,800 12,000 13,000 13,000 
Expert F 5,200 6,500 6,600 6,900 
Expert G 3,400 4,300 4,400 4,600 
Expert H 4,200 5,300 5,400 5,600 
Expert I 6,000 7,600 7,700 8,100 
Expert J 5,300 6,700 6,900 7,100 
Expert K 910 1,200 1,200 1,200 
Expert L 3,900 4,900 5,000 5,200 

 
With the 7% discount, the monetized health-related benefits for Alternative 6 range from 3.6 to 

9.2 billion dollars for the premature mortality (not including infant mortality) based on epidemiological 
studies (Pope et al. 2002 and Laden et al. 2006 in Abt Associates) and from 1.2 to 12 billion dollars for 
the expert elicitation estimates. The monetized health-related benefits are lowest for Alternative 6A. The 
monetized health-related benefits for Alternatives 6, 6B and 8 are greater than those for Alternative 6A 
and about the same for the three alternatives (with slightly higher values for Alternative 8).   
 

BenMAP valuation results for other PM2.5-related health effects and associated endpoints 
(morbidity) are presented in Table 4.3.2-9.  

Table 4.3.2-9 
 

BenMAP-Derived Nationwide Monetized Health-Related Benefits for PM2.5-Related Morbidity: Estimated 
Monetized Benefits (Millions U.S. Dollars/Year) Related to Various Morbidity Endpoints Under the 

Cumulative Impacts Scenario 

Epidemiology Study 
Reduction in Millions $2009  

Alternative 
6A 

Alternative 
6 

Alternative 
6B 

Alternative 
8 

Chronic bronchitis (age>=30) 130 164 167 175 
Emergency room visits for asthma (all ages) <1 <1 <1 <1 
Acute bronchitis (age 0-17) <1 <1 <1 <1 
Asthma exacerbation (age 0-17) 1 1 1 1 
Lower respiratory symptoms (age 0-17) <1 <1 <1 <1 
Upper respiratory symptoms (age 0-17) <1 <1 <1 <1 
Minor restricted-activity days (age >=18) 17 22 23 24 
Work loss days (age 18-65) 7 9 9 9 
Nonfatal myocardial infarction (all ages) 49 62 63 66 
Hospital admissions - respiratory (all ages) 1 1 1 1 
Hospital admissions - cardiovascular (age>17) 2 3 3 3 
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For the endpoints considered here, the monetized health-related benefits are smallest for Alternative 6A 
and slightly greater for but similar among the other three alternatives. The greatest reductions in 
monetized health-related benefits are associated with fewer incidences of chronic bronchitis and non-fatal 
myocardial infarctions. 
 
4.3.3 Summary of BenMAP Results 

One of the goals of this application was to compare the health effects and monetized health-
related benefits across the range of alternatives under the Direct and Indirect Effects and Cumulative 
Impacts Scenarios. Figures 4.3.3-1a and b graphically display the nationwide reduction in the number of 
cases associated with selected health endpoints for ozone and PM2.5. For ozone, the endpoints are 
mortality (Levy et al. 2005 in Abt Associates 2008), hospital admissions for respiratory symptoms, 
emergency room visits for respiratory symptoms and minor restricted activity days. For PM2.5, the 
endpoints are mortality (Laden et al. 2006 in Abt Associates 2008), hospital admissions for respiratory 
symptoms, asthma exacerbation and minor restricted activity days. Note that the scales are different for 
each plot.  

 

Figure 4.3.3-1a. BenMAP-Derived Changes in Selected Health Outcomes for the Direct 
and Indirect Effects and Cumulative Impacts Scenarios: Ozone 
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(c) Emergency Room Visits for Respiratory 
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Figure 4.3.3-1b. BenMAP-Derived Changes in Selected Health Outcomes for the Direct 
and Indirect Effects and Cumulative Impacts Scenarios: PM2.5 

 
  (a) Mortality (b) Hospital Admissions for Respiratory 

Symptoms 

PM2.5: Mortality (Harvard 6-Cities Study)

0

400

800

1,200

1,600

2,000

Direct and Indirect Effects Cumulative Impacts

N
o.

 o
f C

as
es

 R
ed

uc
ed

Alt 6A
Alt 6
Alt 6B
Alt 8

PM2.5: Hospital Admissions for Respiratory Symptoms 

0

40

80

120

160

200

Direct and Indirect Effects Cumulative Impacts

N
o.

 o
f C

as
es

 R
ed

uc
ed

Alt 6A
Alt 6
Alt 6B
Alt 8

 
(c) Asthma Exacerbation (d) Minor Restricted Activity Days 
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Figures 4.3.3-2a and b graphically display the nationwide monetized health-related benefits 
associated with selected health endpoints for ozone and PM2.5. For both ozone and PM2.5, the monetized 
health-related benefits are displayed for mortality and combined respiratory symptoms. For ozone, the 
combined symptoms include emergency room visits for respiratory symptoms, hospital admissions for 
respiratory symptoms, and acute respiratory symptoms. For PM2.5, the combined symptoms include 
chronic bronchitis, acute bronchitis, asthma exacerbation, emergency room visits for asthma, lower and 
upper respiratory symptoms, and hospital admissions for respiratory symptoms. Again, to accommodate 
differences in the results, the scales are different for each plot.  
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Figure 4.3.3-2a. BenMAP-Derived Monetized Health-Related Benefits for the Direct and 

Indirect Effects and Cumulative Impacts Scenarios: Ozone 
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(b) Combined Respiratory Symptoms 
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Figure 4.3.3-2b. BenMAP-Derived Monetized Health-Related Benefits for the Direct 
and Indirect Effects and Cumulative Impacts Scenarios: PM2.5 
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(b) Mortality with 7% Discount 
 

PM2.5: Mortality (Harvard Six-Cities Study) with 7% Discount

0

4,000

8,000

12,000

16,000

Direct and Indirect Effects Cumulative Impacts

M
on

et
iz

ed
 H

ea
lth

 E
ffe

ct
s

(M
illi

on
s 

$2
00

9)

Alt 6A
Alt 6
Alt 6B
Alt 8

 
 
 

(c) Combined Respiratory Symptoms 
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In summary: 

• For both scenarios, the relative changes in health effects incidences and monetized health-
related benefits among the alternatives are consistent with the changes in emissions for the 
action alternatives. 

• Alternative 6A is associated with fewer reductions in the number of cases of health effects 
and lower monetized health-related benefits than the other three alternatives. The results for 
Alternatives 6, 6B and 8 are similar. Overall, Alternative 6B is associated with slightly more 
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health-related benefits than Alternative 6, and Alternative 8 is associated with slightly more 
benefits than Alternative 6B.  

• Similar to other studies the estimated health-related benefits associated with mortality are 
much greater than those associated with the morbidity endpoints and the health-related 
benefits associated with PM2.5 are greater than those associated with ozone. 

 
4.3.4 Discussion of Attributes and Limitations 

The BenMAP tool incorporates a wide variety of studies that can be used to quantify and 
monetize health effects. The epidemiological studies address a variety of different health endpoints and, 
in some cases, multiple studies (involving different populations or concentration-response functions) are 
available allowing for some comparison. BenMAP includes up-to-date valuation methods and data for the 
monetization of health impacts. BenMAP also incorporates advanced statistical methods for aggregating 
and weighting the results to obtain both mean values as well as information about the likelihood 
(probability) that the value will be within a given range. A primary advantage of BenMAP is that it can 
incorporate the change in air quality directly from air quality model output files.  Thus, BenMAP 
accounts for spatial and temporal differences in the changes in air quality and relates these to population. 
For this analysis, selection of the health effects studies and valuation methods were based on the latest 
BenMAP (configuration and aggregation, pooling and valuation) input files (which reference the studies 
and methods that EPA considers to be the most relevant and applicable to the U.S. population as a whole.) 

Nevertheless, there are uncertainties associated with the estimation of changes in health effects 
and monetized health-related benefits associated with changes in ozone and PM2.5 air quality. For the 
health incidence calculations, BenMAP includes an option to generate an average incidence estimate, as 
well as a range of results that assume there is variability in the inputs to the health impact functions. 
Variability is incorporated into most of the BenMAP exposure-response algorithms by prescribing a dose-
response parameter that assumes a Gaussian or bell-shaped distribution about the mean value. In 
calculating the health effects, BenMAP samples this distribution to develop a probability distribution of 
effect. The result is expressed as the mean value of the distribution. For the PM2.5 mortality expert 
elicitation functions, variability is accounted for in a variety of ways.  

For the valuation calculation, the valuation function is also specified as a probability distribution, 
accounting for different methods of estimating health costs and willingness to pay. BenMAP samples 
from probability distributions from single or multiple cost estimation models, and combines the results 
through Monte Carlo simulation. The valuation function for morbidity used for this analysis is a Weibull 
distribution with a mean of $6.3 million (in year 2000 dollars).  

The resulting monetized benefit distributions therefore include contributions both from the 
uncertainty in the exposure-response relationships and in the valuation functions. Tables 4.3.1-1 through 
4.3.1-8 and 4.3.2-1 through 4.3.2-8 present the expected value (mean) estimates generated by BenMAP. 
The BenMAP-generated overall distributions in monetized health-related benefits (represented by 5th- and 
95th- percentile intervals) for mortality for both ozone, as determined by Levy et al. (2005) in Abt 
Associates (2008) and PM2.5 , as determined by Laden et al. (2006) in Abt Associates (2008), are 
presented in Figures 4.3.4-1 (a)-(c). Mortality is used here to illustrate the uncertainty because the 
majority of quantified and monetized health-related benefits are associated with mortality.  
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Figure 4.3.4-1. BenMAP-Derived Monetized Health-Related Benefits for the Direct and 
Indirect Effects and Cumulative Impact Scenarios, with 5th- and 95th- Percentile Ranges 
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(b) PM2.5 Mortality with 3% Discount 

PM2.5: Mortality (Harvard Six-Cities Study) with 5th and 95th Percentile Ranges
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(c) PM2.5 Mortality with 7% Discount 

PM2.5: Mortality (Harvard Six-Cities Study) with 5th and 95th Percentile Ranges
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In general, the 5th- and 95th- percentile values indicate a large range in values compared to the 

mean value. For example, under the Direct and Indirect Effects Scenario, the results for Alternative 6 for 
PM2.5 with a 7% discount rate indicate that the mean value is 10 billion dollars. The 5th- and 95th-
percentile values are 400 million and 23 billion dollars, respectively. Thus there is a 90 percent 
probability that the monetized health-related benefits would be between 400 million and 23 billion 
dollars. 
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The BenMAP-generated mean and standard deviations in monetized health-related benefits for 
mortality for both ozone, as determined by Levy et al. (2005) in Abt Associates (2008) and PM2.5, as 
determined by Laden et al. (2006) in Abt Associates (2008) are presented in Figures 4.3.4-2 (a)-(c). 

 
Figure 4.3.4-2. BenMAP-Derived Monetized Health-Related Benefits for the Direct 

and Indirect Effects and Cumulative Impact Scenarios, with One Standard Deviation 
 

(a) Ozone Mortality 

Ozone: Mortality (Levy et al.) with 1 Standard Deviation
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(b) PM2.5 Mortality with 3% Discount 

PM2.5: Mortality (Harvard Six-Cities Study) with 1 Standard Deviation
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(c) PM2.5 Mortality with 7% Discount  

PM2.5: Mortality (Harvard Six-Cities Study) with 1 Standard Deviation
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The standard deviation values indicate considerable variability in the distributions leading to 
uncertainty in the results. For example, under the Direct and Indirect Effects Scenario, the results for 
Alternative 6 for PM2.5 with a 7 % discount rate indicate that the mean value is 10 billion dollars and the 
standard deviation is 7 billion.  
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