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EXECUTIVE SUMMARY 

America’s current energy system endangers public health, the economy, and national security. Reliance on 
the dirty and inefficient burning of fossil fuels for energy contributes to global warming and asthma in children; 
our addiction to oil makes us dependent on antidemocratic regimes and distorts our foreign policy; and shocks to 
the energy supply continue to create economic disruption and threaten to trigger recessions and related job loss.1  
It’s not surprising, then, that energy has again risen to the top of the national policy agenda.  

The Climate Stewardship Act 

Among current legislative proposals, the broadest and most comprehensive effort to reduce the pollution that 
causes global warming, and thus shift away from the dirty and insecure energy sources of the past, is the Climate 
Stewardship Act of 2004 (CSA), sometimes called the McCain-Lieberman bill. The CSA would limit total U.S. 
emissions of carbon dioxide, the primary source of global warming pollution, and five other heat-trapping gases, 
through a tradable permit system analogous to the highly successful sulfur dioxide permit system used to reduce 
acid rain. In so doing, the CSA would also reduce many other dangers posed by our current energy system, 
including the risk of energy-caused recessions, our dependence on foreign oil, and energy-related air pollution. It 
would also, according to the modeling results presented in this study, have an overall positive effect on U.S. 
employment.  

Energy and Jobs 

Energy is a critical factor in economic growth, but also a major source of almost every type of pollution, 
including heat-trapping carbon dioxide. A primary goal of energy policy should be to harmonize economic and 
environmental concerns, assuring that one does not come at the expense of the other. Reducing carbon dioxide 
emissions can create or destroy jobs, depending on how the policies are selected and how they are implemented. 
The CSA incorporates, explicitly promotes, or allows for certain key policy features that tend to reduce the costs 
or increase the economic benefits of energy efficiency and environmental programs. These include the use of 
flexible, market-based approaches; recycling the revenues generated by these systems to reduce distorting taxes 
on work or investment; gradual phase-in to allow for planning and effective use of capital replacement cycles; 
and policies to encourage the development, commercialization, diffusion, and adoption of new clean 
technologies and remove market barriers to their adoption.2  

Approach  

To assess the employment impacts of the CSA, this study used results from a highly disaggregated 
engineering model of the energy sector, the National Energy Modeling System (NEMS), developed by the 
Energy Information Administration of the U.S. Department of Energy, augmented by other modeling tools. 
These systems are used to estimate the impact of the CSA and associated policies on energy prices and costs, 
investment levels, permit prices, and other energy-related variables. The Tellus Institute performed this portion 
of the analysis.3 We then estimated the outcomes of these changes on labor demand on 192 industries through 
the use of a Leontief input-output model developed by the U.S. Bureau of Labor Statistics (BLS). These 



Natural Resources Defense Council Jobs and the Climate Stewardship Act  
 

 5

outcomes were estimated for the period from 2010 to 2025. Finally, the employment changes for 192 industries 
were distributed to the 50 states plus the District of Columbia. 

Key Findings 

The overall result is that the CSA creates a net increase in U.S. employment, albeit a small one compared to 
the size of the economy as a whole (see Table 1). At the national level, jobs created outweigh jobs lost by a 
factor of five by 2015, rising to nearly seven to one by 2025. 

Table 1 
Estimated Impact of the Climate Stewardship Act on U.S. Employment 

Year Employment change, policy 
case minus base case  
(1000s) 

Employment 
change, percent 

2010 -20 -0.01 % 
2015 510 0.31 % 
2020 602 0.37 % 
2025 801 0.48 % 

 
Employment effects by time period. In the early years of the program, the employment change is near 

zero (slightly negative) due to the fact that the cost of emissions reductions are already immediately apparent, 
while the positive effects of energy savings from efficiency policies occur over a longer period. In subsequent 
years, abatement costs continue to increase gradually; however, since the benefits of energy efficiency 
improvements increase more rapidly, annual savings in energy costs start to exceed the annual cost of achieving 
those savings by 2013. This causes an increase in disposable income, which creates jobs as consumers purchase 
more goods and services other than energy. 

  
Employment effects by sector. Nationally, the largest job gains in absolute terms are in construction, 

wholesale and retail trade, medical services, and other services. Each of these sectors gains more than 100,000 
jobs by 2025, relative to the base case. Likewise, in the manufacturing sector as a whole, jobs are up in every 
year, by an amount ranging from near zero in 2010 to 0.5 percent in 2025. The transition to cleaner, more 
efficient energy technologies entails job losses in coal mining, oil and gas drilling and refining, electrical 
generation, and railway transport (because of reduced coal transport by rail). The largest losses in absolute terms 
are in electrical generation, while the largest losses in percentage terms are in coal mining. To mitigate these 
negative effects of the transition, the CSA incorporates incentives for the deployment of advanced coal 
technologies (which may not be adequately reflected in this modeling) and direct transition assistance for 
displaced workers and adversely affected communities.  

 
Employment effects by state. State employment changes generally follow the pattern of the national 

changes, with variations that come from the relative importance of different industries in different states. Table 2 
presents the results in 2015 for the 25 states projected to have the largest absolute employment changes. For 
complete state impacts by year, see Table 3. 
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Table 2 
Impact of CSA on Employment in 25 States with Largest Change in Number of Jobs Relative to 
Baseline, 2015 

State Job creation (number) Job creation (%) 
California 62,266 0.33% 

New York 35,598 0.34% 

Texas 32,648 0.29% 

Florida 29,187 0.31% 

Illinois 23,082 0.32% 

Ohio 22,750 0.34% 

Pennsylvania  21,362 0.32% 

Michigan 18,991 0.34% 

North Carolina 15,431 0.32% 

Georgia 15,427 0.33% 

New Jersey 15,386 0.31% 

Massachusetts 13,690 0.33% 

Virginia 13,411 0.31% 

Indiana 11,536 0.32% 

Wisconsin 11,437 0.35% 

Minnesota 11,267 0.36% 

Missouri 11,009 0.33% 

Washington 10,242 0.29% 

Tennessee 10,070 0.31% 

Maryland 9,799 0.30% 

Arizona 9,563 0.33% 

Colorado 8,680 0.32% 

South Carolina 7,078 0.29% 

Connecticut 6,905 0.32% 

Oregon 6,629 0.32% 

National 510,317 0.31% 

 
Previous estimates of the likely employment consequences of the Climate Stewardship Act have been based 

on unrealistic economic assumptions, including lump-sum return of the revenue, absence of technology 
promotion policies, exclusion of non-CO2 heat-trapping gases and flexibility mechanisms from the analysis, 
coarse sectorization, and peculiar tax and fiscal assumptions. When a more realistic policy package is examined, 
positive employment outcomes appear more likely to happen. 

Energy companies that are resistant to innovation and antigovernment ideologues have opposed the Climate 
Stewardship Act on the grounds that it will hurt the economy and cost jobs. This report shows that such fears are 
unfounded: the common sense approach of the Climate Stewardship Act can create jobs, reduce our dependence 
on imported oil, and put us on a path to a stable climate.  
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CHAPTER 1 

BACKGROUND ON GLOBAL WARMING 

Global warming refers to increases in the average surface temperature of the earth due to the addition of heat-
trapping gases to the atmosphere, particularly carbon dioxide. There is no longer any significant scientific 
uncertainty that global warming is occurring. One hundred and fifty years of ground-based observations, 
bolstered by satellite and historical data, show clearly and comprehensively that the earth’s climate has begun to 
shift significantly (Figure 1).4 As the concentration of carbon dioxide (CO2) in the atmosphere continues to rise, 
scientists predict an increase in global mean surface temperature of 1.4 to 5.8 degrees Celsius (2.2 to 9.3 degrees 
Fahrenheit) over the next century, accompanied by an increase in mean sea level of 9 to 88 centimeters.5 
Changes may be rapid and unexpected. A 2002 report by the U.S. National Academy of Sciences found that 
“available evidence suggests that abrupt climate changes are not only possible but likely in the future, potentially 
with large impacts on ecosystems and societies.”6 

Figure 1 
Global Temperature from 1850 to 2003 

 
 
            Source: Climate Research Unit, University of East Anglia, www.cru.uea.ac.uk/cru/info/warming (June 2, 2004) 
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Environmental, Social, and Economic Consequences 

Rising temperatures and changes in climate patterns are expected to significantly affect biodiversity and 
ecological productivity. Recent estimates indicate that under midrange business-as-usual scenarios, 15 to 37 
percent of species in certain biological hotspots will go extinct by 2050, due to climatic changes. The study also 
found that prompt, effective action to reduce emissions of global warming pollution would significantly reduce 
the expected loss of species.7  

In human terms, such large-scale changes are likely to affect health and the economy. In 2003, for example, 
Europe suffered the worst heat wave in recorded history, with weeks of record hot days and an estimated 35,000 
heat-related deaths.8 A Harvard Medical School study has forecast comparable increases in heat deaths in the 
United States, especially in inner city areas, should climate change continue unchecked.9  

More generally, most economic studies indicate that climate change will reduce gross domestic product 
(GDP) in developing and tropical nations under most warming scenarios, and negatively affect GDP in 
developed nations under some scenarios. The potential for social disruption is also significant. In February 2004, 
the Pentagon released findings that global warming increases the potential for international conflict, border 
disputes, and war due to water and food shortages, forced migration, extreme weather events, and other factors.10   
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CHAPTER 2 

OVERVIEW OF THE CLIMATE STEWARDSHIP 
ACT (CSA) 

The Climate Stewardship Act (CSA) would curb global warming pollution by creating a comprehensive 
system of tradable emissions permits. Entities responsible for emissions of global warming pollution would be 
required to have a permit for each ton of carbon dioxide (CO2) emitted, or the equivalent of a ton of CO2 for 
other heat-trapping gases. If a company acquires permits in excess of its needs, it can sell those permits to other 
companies.  

This program covers industrial emitters of more than 10,000 tons of CO2-equivalent per year as well as 
distributors of transportation fuels (which would emit more than 10,000 tons of CO2-equivalent per year when 
consumed), accounting for more than 80 percent of all emissions of global warming pollution in the United 
States. Smaller industrial emitters, households, and farmers are not required to acquire emission permits, but can 
go through a certification process and enter the system voluntarily. Some may choose to do this in order to enter 
the permit market as sellers. 

Starting in 2010, the CSA would cap emissions at the levels of 2000.  (Earlier versions of the bill included a 
further phase-down to 1990 levels, but the current version does not include these reductions.) All the major heat-
trapping gases are covered: carbon dioxide, methane, nitrous oxide, HFCs, PFCs, and sulfur hexafluoride. 

In general, covered entities are those that actually emit global warming pollution through the combustion of 
fossil fuels. There is an important exception for oil products and heat-trapping industrial gases—HFCs, PFCs, 
and sulfur hexafluoride. For these sources, those entities that produce or import the substances are treated as the 
emitters, rather than those that consume them.  

The bill includes a number of flexibility mechanisms designed to further reduce the cost of compliance: 
banking of allowances for future use, international trading of allowances with approved entities, and credit for 
sequestration of carbon through biological processes (such as growing plants to absorb carbon dioxide) or 
underground storage. 

The greenhouse gas reductions required under the CSA are significantly smaller than those that would be 
required if the United States had ratified the Kyoto Protocol. Nonetheless, the CSA would help make U.S. 
products and technologies more compatible with those of the rest of the industrial world, which will be 
complying with their Kyoto commitments by moving toward higher efficiency standards in virtually all energy-
using products and processes. 

The CSA leaves many decisions to subsequent administrative determination, including the allocation of 
allowances and the nature and extent of the energy efficiency and renewable energy programs to be financed by 
allowance sales. We follow Tellus in assuming that the following measures will be implemented either under or 
ancillary to the CSA:  

! Provisions to save 600,000 barrels of oil per day by 2020, primarily through enhanced auto efficiency 
! A national renewable transportation fuels standard 
! A national renewable portfolio standard 
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! Emissions caps for sulfur dioxide, nitrogen oxides, and mercury emissions from electric generating 
facilities, as proposed in the Clean Air Planning Act of 2003 

! Measures to accelerate penetration of combined heat and power (CHP) systems in the commercial and 
industrial sectors  

! A slight reduction in vehicle miles traveled through measures such as incentives for transit-oriented 
development  
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CHAPTER 3 

METHODOLOGY FOR MODELING THE EFFECTS 
OF THE CSA ON EMPLOYMENT 

A broad survey of the literature suggests that there are smart and foolish ways to move toward a cleaner, 
leaner, more efficient energy system, and that the economic effect of any given reduction in pollution varies 
considerably depending how one goes about achieving that reduction.11 Some studies funded by the fossil fuel 
industries have predicted dire consequences should the United States adopt policies to limit emissions of heat-
trapping gases, in terms of lost jobs and decreased GDP.12 However, these studies have generally assumed that 
the reductions will be implemented through heavy carbon taxes, with no gradual phase-in, no technology 
promotion policies, and no recycling of the revenue to cut other taxes. In contrast, several recent theoretical 
analyses suggest that when a market-based approach to reducing global warming pollution (such as pollution 
taxes or auctioned pollution permits) is combined with revenue recycling, in the form of cuts to other distorting 
taxes and with polices that promote cost-effective new clean technologies, net economic gains will often result.13 
This study’s results are consistent with this line of literature.  

Our analysis starts with a baseline forecast drawn from the Energy Information Administration’s (EIA) 
Annual Energy Outlook 2004. We then constructed a policy scenario, starting with the provisions of the CSA as 
outlined in the preceding section. The impacts of the policies on energy prices and costs, investment levels, 
permit prices, and other energy-related variables were then estimated with the public-use version of the National 
Energy Modeling System (NEMS), the same model that the EIA uses to prepare the Annual Energy Outlook, 
supplemented with other modeling tools. The Tellus Institute performed this portion of the analysis.14  

We then estimated the employment effects of the policy scenario relative to the base case, using a 192 
industry Leontief input-output (IO) model developed by the U.S. Bureau of Labor Statistics (BLS). The IO 
model provides current and projected inputs of labor and materials per unit of final demand. Final demand is 
divided into 156 categories, including consumer goods, investment goods, government purchases, and net 
imports. The model includes a bridge matrix to distribute final demand values among the 192 industries in the 
production portion of the model. The production portion of the model is divided into two submodules: one 
focusing on the necessary inputs of materials and services from other industries (the interindustry module) and 
the other on the necessary inputs of labor and capital required from households (the value-added module). 

 
The Tellus results were converted into two types of model inputs: changes in final demand and changes in 

technology.  
Changes in final demand include: 
! Reduced household consumption of energy 
! Increased household investment in energy-related consumer durables and construction services 
! Spending of household energy savings net of household investment costs (positive or negative) 
! Increased annual industrial investment 
! Spending of industrial energy savings net of investment costs (positive or negative) 
! Revenues from auctioned permits returned to consumers 
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Changes in technology include: 
! Decreased industrial energy requirements plus fuel switching 
! Capital costs for efficiency investments 
! Substantial changes in the inputs to electric generation, and more modest changes in the technical 

requirements for producing other energy types 
! Increased labor and materials requirements for production of more efficient automobiles 

We then used the same methodology as the BLS to determine the output of each industry that is required to 
deliver the amount of commodities demanded by final consumers. The methodology of Lenotief IO analysis uses 
historical data on the amount of capital, labor, and materials required in production of each commodity. The 
input requirements for individual commodities are then used to determine the total economy-wide production of 
commodities for use in either the production of other goods or final consumption by consumers, government, or 
export. The BLS also provides forecasts for the labor and materials requirements in future years. For description 
of the input-output calculations involved, see, for example, Miller and Blair (1984) or the BLS website.15  

For each industry we derived the decrease (in real units) of oil, natural gas, coal, and electricity usage under 
the scenario relative to the base case. We then adjusted the entries in the input-output table to reflect the 
increased efficiency of the economy. We also made an adjustment in the auto sector, where we assumed that the 
higher fuel economy standards in the policy scenario case were reflected in an increased use of intermediate as 
well as labor inputs in proportion to the price increases induced by the fuel economy policy. We made a similar 
adjustment in the electric generation sector, where we have predictions from the NEMS analysis on the relative 
size of operation and maintenance costs under the base and policy scenario cases. We therefore adjusted the 
nonfuel inputs and labor requirements in the electric generation sector in the same proportions. 

Finally, to make sure that the higher order effects were accounted for (such as reduction of inputs into 
production of inputs, etc.), we applied the standard balancing procedure (RAS balancing) to our adjusted input-
output tables. See Mutl (2004) for a more detailed description of this methodology of accounting for 
technological change in an input-output framework.16 

We carried out the analysis described above for industries at the national level to obtain real output of each 
national industry and hence also a vector of national industry employment levels under base and scenario cases 
for the different years considered. Finally, we used data on state-by-industry employment in our base year (2000) 
to calculate the employment effects at the state level under the assumption that employment changes for a given 
industry are distributed among states proportionally to that industry’s current employment share.17 The state 
employment data comes from the Census of Employment and Wages (CEW) program of the BLS.18 
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CHAPTER 4 

RESULTS 

Job Changes by Sector, Nationally 

The Climate Stewardship Act creates a growing net increase in U.S. employment over time. In 2010, the 
impact on employment overall is approximately zero but slightly negative, down 20,000 jobs (0.01 percent). By 
2015, employment is up 510,000 jobs (0.31 percent). Gains increase further in 2020 and 2025, to 602,000 jobs 
(0.37 percent) and 801,000 jobs (0.48 percent), respectively. 

Employment changes are not distributed evenly among economic sectors. Job gains are seen in manufacturing 
and services, while job losses would be expected in the energy supply industries. The major economic sectors 
being affected are as follows: 

Non-energy manufacturing industries.19 The energy savings in the policy scenario are achieved 
primarily through the substitution of capital for fuel via the adoption of new clean technologies. The increased 
investment required to achieve this capital/fuel substitution results in increased employment in non-energy 
manufacturing industries in every year relative to the baseline. This is particularly important given the recent 
declines in manufacturing employment in the United States. 

Service industries. Service industries account for two-thirds of total U.S. employment, and account for the 
largest portion of the employment increase. Under the CSA, service industry jobs are up in every year as 
consumers spend a share of their energy bill savings on additional services of all kinds  

Motor vehicles. The policy scenario includes measures complementary to the CSA to increase fuel 
efficiency that would increase the cost of cars and light trucks, and the labor requirements per car. Using 
historical own-price demand elasticities and domestic-price trade elasticities, we estimate that about half of this 
labor increase would be offset by decreased domestic sales and increased imports. However, employment in the 
auto industry would still rise in relation to the baseline as more workers are required to build more efficient, 
higher value vehicles. 

Agriculture. Increases in agricultural jobs track, but are slightly larger than, national employment increases.  
Energy and fuel industries. The energy and fossil fuel industries, and a handful of related industries such 

as rail transport of coal and natural gas pipelines, suffer job losses. Job losses in ancillary industries are generally 
smaller than those in the energy industries themselves. These losses are small relative to the economy as a whole 
or to job gains in other industries (roughly six jobs gained per job lost in 2015 and thereafter). While they could 
be significant as a percentage of employment in those industries, in most cases, the bulk of these job losses can 
probably be achieved through normal turnover. Even in well-paid and heavily unionized industries such as coal 
mining and oil refining, annual turnover rates from retirement, migration, firing for cause, voluntary decisions to 
leave the labor force, return to school, or move to another industry generally exceed 10 percent per year. This 
may not be true in the coal mining industry because, due to increasing labor productivity, employment in that 
industry is already declining rapidly. 

Reductions in coal demand and associated coal industry jobs could be mitigated through investments in 
advanced technology to use coal without incurring the high carbon dioxide emission rates associated with current 
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coal-fired power plants. Power plants using a process known as integrated gasification combined cycle (IGCC) 
generate electricity efficiently from coal, while facilitating carbon dioxide capture and indefinite storage in 
geologic formations. Two IGCC power plants are in commercial operation in the United States and carbon 
capture and geologic storage (CCS) is being tested at a few locations internationally. Nonetheless, complete 
systems for generating electricity from coal with CCS are not commercially mature, which makes it difficult to 
predict how widely used this technology will be in the future. The CSA includes incentives to deploy 
IGCC+CCS power plants, which Tellus attempted to model. The NEMS model was not very responsive to these 
incentives, however, indicating limited deployment of IGCC+CCS over the time frame of this study. A more 
aggressive program to deploy IGCC+CCS and/or a more responsive model would result in higher coal demand 
and employment than estimated in this study.   

The CSA legislative text provides transitional assistance to workers who lose their jobs in adversely affected 
industries and to communities with significant job losses, using a portion of the revenue from selling carbon 
allowances. However, the amount of revenue so directed is not specified in the legislation and we have not 
modeled such a program in this analysis. For a more complete discussion of the issues surrounding transitional 
assistance to workers under a carbon dioxide reduction program, see Barrett20 and Hoerner and Barrett.21 Note 
that including such a program in the analysis would alter the state results described below, increasing the 
employment benefit in coal-intensive states and the states with high levels of employment in fossil fuel 
industries and fossil electric generation, while slightly lowering the employment benefit in other states. 

Job Changes by State 

State employment changes generally follow the pattern of the national changes, with variations that come 
from the relative importance of different industries in different states. In 2010, changes in state-level net 
employment vary from a small loss of 0.16 percent to no change relative to the baseline. The mean of the 
percentage change in state employment (weighted by total employment) is, of course, the same as the national 
result reported above.  

By 2015, all states show net employment gains ranging from 0.03 percent to 0.36 percent, except for 
Wyoming, which holds steady. In 2020, net employment benefits are positive and continue to increase in every 
state but Wyoming, which loses an estimated 111 jobs (0.03 percent). But by 2025, employment is more strongly 
up in all states, with increases ranging from 0.03 percent to 0.55 percent. For complete state job impacts by year, 
see Table 3. 

Table 3 
Impact of the Climate Stewardship Act on Number of Jobs by State, Relative to Baseline  

State 2010  2015  2020  2025  
 Change Percent Change Percent Change Percent Change Percent 
Alabama -811 -0.04% 5,986 0.26% 6,722 0.29% 9,446 0.40%
Alaska -139 -0.03% 810 0.17% 919 0.20% 1,257 0.26%
Arizona -208 -0.01% 9,563 0.33% 11,212 0.38% 14,961 0.50%
Arkansas -167 -0.01% 4,363 0.30% 5,092 0.35% 6,853 0.46%
California -290 0.00% 62,266 0.33% 74,467 0.39% 97,496 0.50%
Colorado -518 -0.02% 8,680 0.32% 10,175 0.37% 13,655 0.49%
Connecticut -38 0.00% 6,905 0.32% 8,197 0.38% 10,785 0.49%
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Delaware -28 -0.01% 1,721 0.30% 2,053 0.36% 2,706 0.46%
DC -49 0.00% 2,230 0.22% 2,635 0.25% 3,464 0.33%
Florida -1,042 -0.01% 29,187 0.31% 34,256 0.36% 45,488 0.48%
Georgia -395 -0.01% 15,427 0.33% 18,086 0.38% 24,081 0.50%
Hawaii -21 0.00% 2,267 0.29% 2,701 0.34% 3,503 0.43%
Idaho -50 -0.01% 2,304 0.31% 2,698 0.36% 3,587 0.47%
Illinois -914 -0.01% 23,082 0.32% 27,210 0.37% 36,321 0.49%
Indiana -508 -0.01% 11,536 0.32% 13,656 0.38% 18,454 0.51%
Iowa -74 0.00% 5,852 0.33% 6,995 0.39% 9,164 0.50%
Kansas -134 -0.01% 5,073 0.32% 6,026 0.37% 7,923 0.48%
Kentucky  -1,252 -0.06% 4,918 0.23% 5,593 0.26% 8,022 0.36%
Louisiana -887 -0.04% 6,287 0.27% 7,327 0.31% 9,857 0.41%
Maine -39 -0.01% 2,396 0.32% 2,831 0.37% 3,718 0.48%
Maryland -254 -0.01% 9,799 0.30% 11,556 0.35% 15,303 0.46%
Massachusetts 3 0.00% 13,690 0.33% 16,277 0.38% 21,388 0.49%
Michigan -287 -0.01% 18,991 0.34% 22,792 0.40% 30,685 0.54%
Minnesota 3 0.00% 11,267 0.36% 13,392 0.42% 17,657 0.55%
Mississippi -215 -0.02% 4,275 0.31% 4,986 0.36% 6,710 0.48%
Missouri -258 -0.01% 11,009 0.33% 13,025 0.38% 17,286 0.50%
Montana -93 -0.02% 1,473 0.30% 1,738 0.35% 2,296 0.45%
Nebraska -176 -0.02% 3,283 0.30% 3,784 0.34% 5,133 0.45%
Nevada -32 0.00% 4,693 0.34% 5,555 0.40% 7,328 0.52%
New Hampshire -40 -0.01% 2,410 0.32% 2,836 0.38% 3,756 0.49%
New Jersey -257 -0.01% 15,386 0.31% 18,356 0.37% 24,040 0.47%
New Mexico -260 -0.03% 2,645 0.29% 3,093 0.33% 4,143 0.44%
New York 372 0.00% 35,598 0.34% 43,151 0.41% 55,441 0.52%
North Carolina -342 -0.01% 15,431 0.32% 18,088 0.37% 24,219 0.49%
North Dakota -148 -0.04% 996 0.26% 1,135 0.29% 1,563 0.40%
Ohio -452 -0.01% 22,750 0.34% 27,126 0.41% 36,009 0.53%
Oklahoma -619 -0.03% 4,709 0.25% 5,484 0.29% 7,394 0.38%
Oregon -156 -0.01% 6,629 0.32% 7,770 0.37% 10,364 0.49%
Pennsylvania  -1,107 -0.02% 21,362 0.32% 25,161 0.37% 33,552 0.49%
Rhode Island -280 -0.05% 1,186 0.19% 1,196 0.19% 1,831 0.29%
South Carolina -233 -0.01% 7,078 0.29% 8,253 0.33% 11,116 0.44%
South Dakota  5 0.00% 1,570 0.35% 1,879 0.41% 2,439 0.53%
Tennessee -530 -0.02% 10,070 0.31% 11,769 0.36% 15,931 0.48%
Texas -3,636 -0.03% 32,648 0.29% 37,797 0.33% 51,214 0.44%
Utah -281 -0.02% 3,888 0.28% 4,504 0.32% 6,138 0.43%
Vermont -5 0.00% 1,249 0.32% 1,480 0.37% 1,938 0.48%
Virginia -632 -0.01% 13,411 0.31% 15,698 0.35% 21,028 0.47%
Washington -640 -0.02% 10,242 0.29% 11,851 0.33% 15,990 0.44%

West Virginia -1,321 -0.16% 277 0.03% 19 0.00% 654 0.07%

Wisconsin -39 0.00% 11,437 0.35% 13,579 0.41% 17,995 0.54%

Wyoming -503 -0.16% 11 0.00% -111 -0.03% 88 0.03%

Total -19,977 -0.01% 510,317 0.31% 602,073  0.37% 801,368 0.48%
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CHAPTER 5 

COMPARISON TO PREVIOUS MODELING 
EFFORTS 

There have been three previous efforts to model the outcomes of versions of the Climate Stewardship Act on 
the economy: Charles River Associates,22 the Energy Information Administration (EIA),23 and the Joint Program 
on Science and Policy of Global Change at the Massachusetts Institute of Technology (MIT).24 All three have 
made estimates both for the original version of the bill and for the amended version, which includes only the 
“Phase 1” emission limit at year 2000 levels, and lacks the “Phase 2” reductions after 2015. This section 
compares these previous studies to our results and describes some of the key factors that account for the 
differences. 

The analysis used in this study focuses on employment rather than GDP or welfare effects. Additionally, the 
modeling framework we use, though rich in the sectoral detail necessary to adequately capture those effects, 
does not have the full range of economic features one might wish for long-term macroeconomic forecasting. 
Nevertheless, a crude estimate of GDP impact can be derived within our modeling framework by examining the 
annual net benefit from the energy policies. This can be regarded as an increase (decrease) in productivity of the 
amount by which the savings in energy expenditure exceed (fall short of) the costs of achieving those savings. 
Assuming that second-order economic feedback effects can be neglected, this productivity increase will translate 
into a GDP change of the same amount. Using this approach, GDP changes for our model years are given below. 

Table 4 
Estimated Impact of the Climate Stewardship Act on U.S. GDP, in billions (2001 dollars) 

Year GDP change (policy case 
minus base case)  

GDP change 
(percent) 

2010 -5 -0.04 
2015 18 0.11 
2020 30 0.16 
2025 45 0.21 

 
Table 5 compares the policy approach used by the three previous studies and the current RP/Tellus study, and 

shows the employment and GDP (or total welfare) changes for each. 

Table 5 
Comparison of Economic Impact Estimates for Various Studies of the CSA, 2020 

Analysis Revenue 
recycling 

Technology 
promotion 

Includes 
non-CO2 
gases 

Employment  
change (%) 

GDP change 
(%) 

Charles River* No No No        -0.4        -0.36 
EIA** No Limited Yes        -0.13        -0.3 
MIT*** No No Yes         N.A.        -0.02 
Tellus/Redefining 
Progress 

Yes Yes Yes        +0.37        +0.16 
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* Anne E. Smith, Paul Bernstein, and W. David Montgomery, The Full Cost of S.139, With and Without Its Phase II Requirements (Washington, 
D.C.: Charles River Associates, 2003). 
** Energy Information Administration, Analysis of Senate Amendment 2028, the Climate Stewardship Act of 2003, 
http://www.eia.doe.gov/oiaf/analysispaper/ sacsa/pdf/s139amend_analysis.pdf, (May 2004). 
***Sergey Paltsev, John M. Reilly, Henry D. Jacoby, A. Denny Ellerman and Kok Hou Tay, Emissions Trading to Reduce Greenhouse Gas 
Emissions in the United States: The McCain-Lieberman Proposal (Cambridge, MA: Joint Program on the Science and Policy of Global Change, 
Report 97, 2003). This estimate is taken from Scenario 12, which most closely resembles the current version of the CSA. 

 
These results are consistent with the literature on the effect of the choice of policy approach on the total cost 

of emission reductions discussed in the previous chapter. Like previous comparisons of different policies,25 we 
find that costs are lower when revenues are recycled and technology promotion policies are included, and that 
when both of these measures are included, economic effects are positive for moderate emission reductions such 
as those studied here. In addition, costs are lower when non-carbon dioxide heat-trapping gases and other 
flexibility mechanisms are included in the analysis. 

The policies analyzed in this report are fairly modest. With more aggressive energy policies of the sort 
described here—combining market mechanisms, gradual phase-in, revenue recycling, and technology promotion 
policies—the projected employment effects have typically been even more strongly positive. Employment 
effects of two to four times the magnitude of those shown here (in percentage terms) are not unusual.26 

Assumptions Affecting Estimates 

There are a number of factors that explain the large differences in results produced by alternate modeling 
approaches.  

Aggregation. Because modeling a system as complex as the U.S. economy can be conceptually and 
computationally difficult, all economic models must make some assumptions to simplify the task. One such 
technique used both by the EIA and Charles River Associates is to aggregate large numbers of economic sectors 
into a smaller number of sectors. Charles River Associates, for example, reduces the national economy into 10 
sectors, 5 energy and 5 non-energy. Among the non-energy sectors is a single manufacturing sector that is meant 
to represent the wide variety of companies and industries that fall under the broad definition of manufacturing.  

While this is a useful assumption for simplifying many complexities of the U.S. economy, it is overly 
restrictive when attempting to analyze a policy such as the CSA. By lumping all manufacturing industries into a 
single representative entity, the model incorporates the assumption that all firms have the same demand 
requirements for energy relative to labor and capital. In actuality, the energy to labor ratio varies across 
manufacturing industries by more than three orders of magnitude. This variation is crucial for properly 
estimating the employment impacts of energy policy.  

The aggregation assumptions of the Charles River Associates analysis place unrealistic restrictions on the 
ability of households and firms to substitute other factors of production for energy and to substitute toward less 
energy-intensive goods, services, and materials. The cap-and-trade permit system at the heart of the CSA is 
designed specifically to take advantage of market forces to provide profit and competitiveness incentives for 
reducing emissions at the lowest possible cost through such substitutions. Imposing unrealistic uniformity on 
diverse economic sectors undercuts this central feature of the system and results in higher cost projections than 
would otherwise be the case. 

Treatment of economic distortion. Taxes create what economists refer to as “distortions” in the 
economy. Taxing labor to fund Social Security, for example, increases the cost of hiring workers to a level above 
the payment received by those workers, with the difference being collected in tax revenues. This distorts the 
economy in the sense that in the absence of such a tax, businesses would wish to hire more workers. The size of 
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these distortions is the source of considerable debate, yet there is little doubt that they exist. Both the Charles 
River Associates and EIA models recognize this fact and account for the distortions caused by taxes on labor and 
other factors of production.  

Standard economic theory states that optimal environmental charges improve economic efficiency because 
the cost of the tax, including distortional effects, is less than the value of a cleaner environment.27 All the studies 
examined here include measures of the economic distortion caused by the CSA’s permitting system, but do not 
account for the value of the environmental benefit, thus overstating the net cost of the act.  

In addition, the CSA is designed to be a revenue-neutral policy. The nonprofit Climate Change Credit 
Corporation (CCCC) established by the act would be required to return any revenues generated by the sale of 
emissions allowances to the economy, neither increasing nor decreasing net government revenues. How this is 
done is an important input into the modeling process with significant implications for projected costs, because it 
will influence the size of the economic distortion and how the CSA would interact with existing economic 
distortions. The act specifically calls for the CCCC to use any such revenues in a way that helps reduce or 
mitigate any cost increase created by the emissions cap. This could be done in a number of ways, such as 
discounts for purchases of energy efficient appliances, incentives for clean energy production, transitional 
assistance to affected workers, or returning revenue to consumers in other ways. Each of these methods of 
returning the revenues would reduce distortions elsewhere in the economy.  

Rather than modeling policies that would put auction revenues to productive use, both Charles River 
Associates and the EIA assume that the allowance revenues would be redistributed in a lump-sum fashion. This 
is one of very few feasible options for redistribution that would have no beneficial impacts on other distortions. 
It provides no incentives for reducing current or future emissions and would do little to lower the overall costs of 
reducing carbon emissions. Precluding such options in their analysis helps guarantee that the macroeconomic 
costs associated with the CSA projected by these reports will be higher than they are likely under more realistic 
assumptions regarding implementation.  

Efficiency and technology assumptions. A central assumption of many economic models, particularly 
Computable General Equilibrium (CGE) models, of which the Charles River Associates model is one type, but 
also of macroeconometric models such as the one used by the EIA, is that the economy allocates all available 
resources in an efficient manner. While this may accurately reflect the long-term tendency of the economy 
towards efficiency, it carries substantial and misleading implications about concurrent economic behavior. Such 
models take as their starting point an economy that already puts resources to their most productive uses and has 
already exhausted all available options for increasing economic efficiency. A major implication of this 
assumption is that there can be no improvements in the way the economy employs available technologies. While 
individuals and companies may strive to find and use the most economical technologies available, these models 
assume that they have already achieved this state.  

In contrast, real world experience has repeatedly shown that gaps—often quite substantial gaps—exist 
between technologies currently in use and the most cost-effective currently available technologies, particularly in 
the energy arena, and that firms vary enormously in the efficiency with which they use various resources.28 By 
assuming away this efficiency gap, these economic models explicitly preclude any possibility of options that 
would increase energy efficiency and reduce energy costs enough to offset the cost of investing in these options. 
It assumes that no individual firm or industry can specialize in finding new and less expensive means of reducing 
emissions and that finding and employing low-cost abatement methods confers no competitive advantage for one 
firm over another. Assuming these opportunities don’t exist ensures that the results of these models will show a 
higher economic cost than real world experience would indicate. 
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The effect of these types of assumptions is compounded by the fact that the CSA is designed to provide funds 
to advance the rate of technology adoption and technological progress. The creation of new technology provides 
benefits, not only to the innovator, but also to others who copy the innovation. Technology is therefore a public 
good, and standard economic theory suggests that the supply of technology by private industry will be 
inefficiently low.29 By providing incentives for firms and households to adopt existing underutilized energy 
efficient and renewable technologies, the CSA would help reduce the efficiency gap and achieve some carbon 
reductions at a net savings or at low net cost. At the same time, by providing incentives to accelerate 
technological progress, the act would help create further opportunities for increasing energy efficiency and 
reducing emissions at low cost.  

In contrast, models such as that of Charles River Associates, which assume the economy operates at or very 
near full efficiency, eliminate any such opportunities. By assuming perfect efficiency, these models also assume 
that markets are already producing economically optimal levels of technology and are progressing at an optimal 
rate. Investing public funds in additional technological progress is assumed to be an economically inferior 
undertaking. While advancing energy or abatement technology may yield some benefits, the economy would 
have been better off had the resources been invested elsewhere. Under these assumptions there is no possibility 
of economic improvement by increased investments in energy efficiency or renewable technology. 

Fiscal policy.  The Charles River Associates results suffer further from fiscal assumptions that are at odds 
with their treatment of the revenues from the permits. Though there is no such requirement either in the CSA or 
in existing law, the Charles River Associates modelers imposed the requirement that implementing the CSA 
would have no effect on the federal budget. As they estimate economic costs created by the act, estimates that, as 
shown above, are artificially high, the reduction in economic activity reduces government tax revenues, 
increasing the federal budget deficit. Since they have already returned the revenue from the permitting system in 
lump-sum fashion, they then increase the personal income tax to achieve budget neutrality. This adds to the 
economic distortion already estimated by the model and compounds the shortcomings in their analysis identified 
above. According to Charles River Associates, this assumption increases their estimated economic losses by 60 
percent.  

The Charles River Associates modelers thus assume (artificially) that the federal budget must be balanced and 
that it must be balanced by increasing economic distortions, yet they simultaneously assume that the revenues 
generated by the CSA must be disposed of in a way that cannot reduce such distortions. Individually, either one 
of these assumptions would inflate the projected costs of the act. Taken together, they reinforce one another and 
call into question the consistency of the modeling effort and the reliability of the results. An internally consistent 
approach would include the distortional effect of either both revenue streams or neither of them. Instead, without 
apparent economic justification, the Charles River Associates modelers have chosen the two options that would 
tend to exacerbate any costs of the CSA policies rather than to minimize them as the act requires. 

Additionally, the method they choose to increase tax revenues has further implications that are common in 
CGE models like the one Charles River Associates uses. Their model assumes that consumers constantly 
optimize their work and consumption patterns to maximize their well-being. In such models there is no such 
thing as involuntary unemployment. Any hours not spent working are assumed to be the result of a rational 
choice by consumers to substitute leisure for income, and thus do not represent unemployment. It is thus unusual 
for a CGE modeling scenario to report unemployment as the Charles River Associates model does. In their 
current analysis, Charles River Associates’ assumption of increased income taxes causes after-tax wages to fall. 
At lower take-home wages, some workers are assumed to prefer the leisure of unemployment to continued work. 
All the employment change in the Charles River Associates model is this sort of voluntary, “optimal” 
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unemployment. The Charles River Associates analysis assumes that workers simply adjust their budgets 
downward as they choose to work fewer hours for less money, without regard to budget constraints such as the 
costs of housing, food, transportation, etc. Whether or not this assumption is realistic, by choosing to increase 
taxes on income, which is derived mostly from labor, the Charles River Associates modelers have assumed a 
policy that would have large and negative impacts on employment levels. Again, Charles River Associates has 
eschewed other options with smaller employment impacts in favor of an assumption that maximizes the job 
losses they project. 
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CONCLUSION 

Previous estimates of the likely employment impact of the Climate Stewardship Act have been based on 
unrealistic economic assumptions, including lump-sum return of the revenue, absence of technology promotion 
policies, exclusion of non-CO2 heat-trapping gases and flexibility mechanisms from the analysis, coarse 
sectorization, and peculiar tax and fiscal assumptions. When a more realistic policy package is examined, 
positive employment effects appear more likely to occur. We find such positive impacts in nearly all years and in 
all but one state. Employment will decline in some energy-related industries, but these declines will be small 
relative to the associated employment gains in other industries. Overall, economic effects will be small and 
positive. 

This report has made no attempt to assess the negative economic impacts of global warming or of other 
pollutants that are emitted together with heat-trapping gases, nor of the economic benefits of reducing such 
pollutants. Those benefits should be added to the benefits analyzed in this report for a more comprehensive 
assessment. 

Investing in new energy for America will create more jobs, reduce our dependence on imported oil, and put 
us on a path to a stable climate. Energy companies that are resistant to innovation and antigovernment 
ideologues have opposed the Climate Stewardship Act on the grounds that it will hurt the economy and cost jobs. 
This report shows that such fears are unfounded. The common sense approach of the Climate Stewardship Act 
can reduce global warming pollution and increase employment.  
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