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 Abstract

The need for a domestic U.S. policy that seriously addresses climate change is increas-
ingly apparent. A cap-and-trade system is the best approach in the short to medium term. 
Besides providing certainty about emissions levels, cap-and-trade offers an easy means of 
compensating for the inevitably unequal burdens imposed by climate policy; it is straight-
forward to harmonize with other countries’ climate policies; it avoids the current political 
aversion in the United States to taxes; and it has a history of successful adoption in this 
country. The paper proposes a specific cap-and-trade system with several key features 
including: an upstream cap on CO2 emissions with gradual inclusion of other greenhouse 
gases; a gradual downward trajectory of emissions ceilings over time to minimize dis-
ruption and allow firms and households time to adapt; and mechanisms to reduce cost 
uncertainty. Initially, half of the program’s allowances would be allocated through auc-
tioning and half through free distribution, primarily to those entities most burdened by 
the policy. This should help limit potential inequities while bolstering political support. 
The share distributed for free would phase out over twenty-five years. The auctioned 
allowances would generate revenue that could be used for a variety of worthwhile public 
purposes. The system would provide for linkage with international emissions reduction 
credit arrangements, harmonization over time with effective cap-and-trade systems in 
other countries, and appropriate linkage with other actions taken abroad that maintains a 
level playing field between imports and import-competing domestic products.
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The megadisaster film The Day After Tomor-
row, about the apocalyptic consequences of 
the greenhouse effect, had less scientific basis 

than The Wizard of Oz, but the reality is disturb-
ing enough. There is now a near consensus that 
anthropogenic emissions of greenhouse gases are 
very likely to change the earth’s climate in ways 
than many people will regret.

The basic story has been explained many times, but 
it merits repeating. Two trace constituents of the 
atmosphere, carbon dioxide (CO2) and water vapor, 
create a thermal blanket for the planet much as glass 
on a greenhouse traps the sun’s energy within. It 
is a good thing, too: without greenhouse warming, 
the earth would be far too cold to be livable. But 
the balance between too much and too little green-
house effect is remarkably delicate. Massive quanti-
ties of CO2 are produced from the combustion of 
fossil fuels—coal, petroleum, and natural gas—and 
deforestation. Meanwhile the direct warming ef-
fects of CO2 and other greenhouse gases—meth-
ane, nitrous oxide, and halocarbons—are indirectly 
amplified because the warming increases the evap-
oration of water, raising atmospheric water vapor 
concentrations (Intergovernmental Panel on Cli-
mate Change 2007a).

Average global surface temperatures have risen by 
about 1.25 degrees Fahrenheit over the past 150 
years, with most of the increase occurring since 
1970. This fits the predictions of modern com-
puter models of climate change that also take ac-
count of increases in atmospheric dust (dust cools 
the earth by reflecting sunlight) and variations in 
the sun’s energy output. Changes in temperatures 
in the middle of continents and at high latitudes 
have been two to four times greater than the aver-
age global change—also as predicted.

Warmer days and nights (which would surely be 
welcome in some places) are only part of the story. 

The most important consequences of greenhouse 
gas concentrations are likely to be changes in pat-
terns of precipitation and runoff, the melting of gla-
ciers and sea ice, increases in sea levels, and changes 
in storm frequency and intensity (Intergovernmen-
tal Panel on Climate Change 2007b). That is why it 
is important to view the problem as global climate 
change rather than global warming alone.

But moving from predictions of average global tem-
perature change to predictions of regional climate 
impacts is difficult. The best computer models can-
not yet produce reliable estimates of these impacts. 
What is obvious, however, is that emissions in one 
country affect the climate in every other. Hence the 
fundamental logic of a global pact on emissions, 
such as the one hammered out in Kyoto, Japan, in 
December 1997.

Four years after Kyoto, the Bush administration an-
nounced that it would not submit the Kyoto Pro-
tocol, initialed by the Clinton White House, to the 
U.S. Senate for ratification. Of course, the Clinton 
administration also chose not to submit the agree-
ment to the Senate, and it is very unlikely that Al 
Gore or John Kerry, had either been elected presi-
dent, would have done so. Even before the Kyoto 
conference, the Senate had resolved, by a vote of 
95-0 in the Byrd-Hagel resolution, that it would 
not approve a climate control pact along the lines 
of the Kyoto accord.

Many analysts—particularly economists—have 
been highly critical of the Kyoto Protocol, noting 
that, because of specific deficiencies, it will accom-
plish little, and that at a relatively high cost (Aldy, 
Barrett, and Stavins 2003). Others have been more 
supportive, noting that Kyoto is essentially the “only 
game in town.” But both sides agree that wheth-
er that first step was good or bad, a second step is 
required. Indeed, as some nations prepare for the 
Kyoto Protocol’s first commitment period (2008-

i.  introduction

http://www.hamiltonproject.org
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12), the international policy community as a whole 
has begun to search for a better global policy archi-
tecture for the second (Aldy and Stavins 2007).

In the meantime the impetus for a meaningful U.S. 
climate policy is growing. Scientific evidence has 
increased (Intergovernmental Panel on Climate 
Change 2007a, 2007b), public concern has been 
magnified, and many people perceive what they 
believe to be evidence of climate change in prog-
ress. Such concern is reinforced by the aggressive 
positions of key advocacy groups, which are no lon-
ger limited on this issue to the usual environmental 
interest groups; religious lobbies, for example, have 
also been vocal. All this has been reflected in greatly 
heightened attention by the news media. The re-
sult is that a large and growing share of the U.S. 
population now believe that government action is 
warranted (Bannon et al. 2007).1

In the absence of a responsive federal policy, re-
gions, states, and even cities have moved forward 
with their own proposals to reduce emissions of 
CO2 and other greenhouse gases. Ten northeastern 
states, for example, have developed a cap-and-trade 
program under their Regional Greenhouse Gas 
Initiative (RGGI), and California’s Assembly Bill 32 
may do likewise for the nation’s largest state. Partly 
in response to fears of a fractured set of regional 

policies, an increasing number of large corpora-
tions—sometimes acting individually, other times 
in coalition with environmental advocacy groups—
have announced their support for serious national 
action.2 Building on this initiative is the April 2007 
U.S. Supreme Court decision that the administra-
tion has the legislative authority to regulate CO2 
emissions,3 as well as ongoing demands from Euro-
pean allies and other nations that the United States 
reestablish its international credibility in this realm 
by enacting a meaningful domestic climate policy. 
Indeed, in June 2005 the Senate balanced its dis-
tinctly negative view of the Kyoto Protocol with an 
aggressive sense-of-the-Senate resolution, adopted 
by unanimous consent, regarding domestic climate 
policy.4

Thus momentum is clearly building toward enact-
ment of a domestic climate change policy. But there 
should be no mistake about it: meaningful action to 
address global climate change will be costly. This is 
a key “inconvenient truth” that must be recognized 
when policymakers construct and evaluate propos-
als, because the details of such a policy’s design will 
greatly affect its ability to achieve its goals, its costs, 
and the distribution of those costs. Even a well-de-
signed policy will ultimately impose annual costs on 
the order of tens and perhaps hundreds of billions 
of dollars.5 That certainly does not mean that action 

1. Not surprisingly, the public focus in this domain is on the goals of public policy, not on the specific means. When asked, the general public 
appears to be predisposed to conventional regulatory approaches; but when confronted with a possible trade-off between the promised 
benefits and the perceived cost of conventional regulation, public enthusiasm for cost-effective, market-based policy instruments increases 
(Bannon et al. 2007).

2. The U.S. Climate Action Partnership issued “a call for action” in January 2007, recommending “the prompt enactment of national 
legislation in the United States to slow, stop, and reverse the growth of greenhouse gas … emissions over the shortest time reasonably 
achievable” (2007, p. 2). The partnership consists of some of the largest U.S. companies with a stake in climate policy, from a diverse set 
of sectors: electricity (Duke Energy, Exelon, FPL Group, NRG Energy, PG&E, and PNM Resources); oil and gas (BP, ConocoPhillips, 
and Shell); motor vehicles (Caterpillar, Daimler-Chrysler, Ford, GM, and John Deere); aluminum (Alcan and Alcoa); chemicals (DuPont 
and Dow); insurance (AIG and Marsh); mining (Rio Tinto); and manufacturing (Boston Scientific, General Electric, Johnson & Johnson, 
Pepsico, Siemens, and Xerox). The coalition is rounded out by six environmental organizations: Environmental Defense, the National 
Wildlife Federation, the Natural Resources Defense Council, the Nature Conservancy, the Pew Center on Global Climate Change, and 
the World Resources Institute.

3. Massachusetts et al. v. Environmental Protection Agency et al., no. 05-1120, argued November 29, 2006, decided April 2, 2007.
4. The resolution states: “Congress should enact a comprehensive and effective national program of mandatory, market-based limits and 

incentives on emissions of greenhouse gases that slow, stop, and reverse the growth of such emissions at a rate and in a manner that (1) 
will not significantly harm the United States economy; and (2) will encourage comparable action by other nations that are major trading 
partners and key contributors to global emissions.” The proposal set forth in this paper is consistent with that resolution.

5. By comparison, the cost (in 2001 dollars) of all U.S. Environmental Protection Agency regulations enacted from 1996 to 2006 is estimated 
at $25 billion to $28 billion annually (U.S. Office of Management and Budget 2007), and a number of historical studies have estimated the 
annual cost of all environmental regulation in the United States to be on the order of 1 to 2 percent of GDP (Jaffe et al. 1995; Morgen-
stern, Pizer, and Shih 2001).



A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

 www.HAMILTONPROJECT.ORg  |   OCTOBER 2007 7

should not be taken, but it does mean that the costs 
should be recognized if effective and sensible poli-
cies are to be designed and implemented.

It is important to identify an appropriate policy 
instrument at the outset, to avoid creating con-
stituencies that will later resist change (Repetto 
2007). Once a policy architecture is put in place, 
it can be exceptionally difficult to change. For ex-
ample, any policy of significant scope, once imple-
mented, leads to institutional investments in both 
the public and the private sectors. And as people 
learn how to operate within the policy, status quo 
bias sets in. Some sectors and interests will benefit 
from any policy, and these groups will resist sub-
sequent reform. Thus the stakes associated with 
policy design are significant. A poorly designed 
policy could impose unnecessarily high costs or 
unintended distributional consequences while pro-
viding little public benefit, and could detract from 
the development of and commitment to a more 
effective long-run policy. In the case of climate 
change, choosing an inferior approach could be 
exceptionally costly: the difference between a cost-
effective approach and an inferior one could be as 
great as $150 billion annually (1 percent of today’s 
GDP), or $1.8 trillion over a decade (Repetto 
2007). And because of the unique characteristics 
of the climate change problem, simply relying on 
existing and familiar policy models will not lead to 
the best solutions.

Alternative policy instruments to 
reduce Greenhouse Gas emissions

There is general consensus among economists and 
policy analysts that a market-based policy instru-
ment targeting CO2 emissions—and potentially 
some non-CO2 greenhouse gas emissions—should 
be a central element of any domestic climate pol-
icy.6 Two alternative market-based instruments—a 
cap-and-trade system and a carbon tax—have been 
advocated. Although there are trade-offs between 

them, this paper will argue that the better approach 
and the one more likely to be adopted in the short 
to medium term in the United States is a cap-and-
trade system.

The environmental effectiveness of a domestic 
cap-and-trade system for climate change can be 
maximized and its costs and risks minimized by 
inclusion of several specific features. The system 
should target all fossil fuel-related CO2 emissions 
through an economy-wide cap on those emissions. 
The cap should be imposed “upstream,” that is, on 
fossil fuels at the point of extraction, processing, or 
distribution, not at the point of combustion. The 
system should set a trajectory of caps over time that 
begin modestly and gradually become more strin-
gent, establishing a long-run price signal to encour-
age investment in emission-reducing technology. It 
should adopt mechanisms to protect against cost 
uncertainty. And it should include linkages with the 
climate policy actions of other countries. Impor-
tantly, by providing politicians with the option to 
mitigate economic impacts through the distribution 
of emissions allowances, this approach can estab-
lish consensus for a policy that achieves meaningful 
reductions. It is for these reasons and others that 
cap-and-trade systems have been used increasingly 
in the United States to address an array of environ-
mental problems, for example to phase out the use 
of lead in gasoline, limit emissions of sulfur diox-
ide (SO2) and nitrous oxides (NOX), and phase out 
chlorofluorocarbons (CFCs; Stavins 2003; see also 
the online appendix at www.hamiltonproject.org).

Cap-and-trade should not be confused with emis-
sions reduction credits or other credit-based pro-
grams, in which those reporting emissions reduc-
tions receive credits that others either may or must 
buy to offset obligations under some other policy. 
Credit-based programs have often been considered 
as a means of encouraging emissions reductions 
from activities outside the scope of a cap-and-trade 
system, emissions tax, or standards-based policy. But 

6. This perspective is embodied in international assessments of national policy instruments as well (Intergovernmental Panel on Climate 
Change 2007c).

http://www.hamiltonproject.org
www.hamiltonproject.org
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an important limitation of credit-based programs is 
that they typically require measurement—or, more 
likely, estimation—of emissions reductions, which, 
unlike emissions themselves, cannot be directly ob-
served. Hence these programs generally face dif-
ficulties in establishing that reported reductions 
would not have occurred in the absence of the pro-
gram. This is the so-called baseline or “addition-
ality” problem: how to compare actual outcomes 
with an unobserved and fundamentally unobserv-
able hypothetical. Despite this obstacle, cost sav-
ings still may be achieved through the selective use 
of credit-based programs targeting certain activi-
ties. As discussed later, these include various types 
of carbon-saving land management that otherwise 
would be too costly or infeasible to integrate into a 
cap-and-trade (or a tax) system.

The alternative to a cap-and-trade system most fre-
quently considered by policymakers is the use of 
command-and-control standards, such as energy 
efficiency or emissions performance standards, 
which require firms and consumers to take particu-
lar actions that directly or indirectly reduce emis-
sions. The costs of standards are often largely invis-
ible except to those directly affected by them. But 
in fact, those costs would be significantly greater 
than under sound market-based policies, because 
standards offer firms and consumers far less flex-
ibility in reducing emissions, and they cannot target 
many low-cost emissions reduction opportunities. 
Moreover, the effectiveness of standards in achiev-
ing nationwide emissions targets is highly uncer-
tain, in part because they could cover only a fraction 
of those emissions, leaving many sources unregu-
lated. In contrast, market-based policies can cover 
all sources of fossil fuel-related CO2 emissions, and 
unlike other alternatives, a cap-and-trade system 
can essentially guarantee achievement of emissions 
targets for sources covered by the cap.

The Focus on Cap-and-Trade

A cap-and-trade system places a cap, or ceiling, on 
the aggregate emissions of a group of regulated 
sources by creating a limited number of tradable 
emissions allowances for a given period and requir-
ing firms to surrender a quantity of allowances equal 
to their emissions during that period.7 The system 
imposes no particular limits on emissions from any 
given firm or source. A firm may emit as much as it 
chooses, as long as it obtains sufficient allowances 
to do so. The government may initially distribute 
the allowances for free or sell them at auction. In ei-
ther case, the need to surrender valuable allowances 
to cover any emissions and the opportunity to trade 
those allowances establishes a price on emissions. 
In turn, this price provides firms with an incentive 
to reduce their emissions that influences all of their 
production and investment decisions. 

Because allowances are tradable, the ultimate dis-
tribution of emissions reduction efforts necessary 
to keep emissions within the cap is determined by 
market forces. Those sources that find it cheaper 
to reduce their emissions than to continue emit-
ting and pay for allowances will do so, and those 
that find it cheaper to purchase allowances will do 
so. Through the trading of allowances, the price 
adjusts until emissions are brought down to the 
level of the cap. Firms’ ability to trade emissions 
allowances creates a market in which allowances 
migrate toward their highest-valued use, covering 
those emissions that are the most costly to reduce. 
A well-designed cap-and-trade system thus mini-
mizes the costs of achieving any given emissions 
target. Overall, a cap-and-trade system provides 
certainty regarding emissions from the regulated 
sources as a group, because aggregate emissions 
from all regulated entities cannot exceed the total 
number of allowances.8

7. This description is of what is called a “downstream” cap-and-trade system for CO2, which regulates the sources that emit CO2 by burning 
fossil fuels. This paper proposes an upstream system, as defined above, because of its economy-wide coverage. 

8. The trade-off for such emissions certainty is uncertainty regarding the policy’s costs, as regulated sources will meet the cap regardless of 
cost. In contrast, a carbon tax provides greater certainty over program costs but does not guarantee achievement of a specific emissions 
target. Later in this paper, the trade-off between cost uncertainty and emissions uncertainty is examined, and specific means of reducing a 
cap-and-trade system’s cost uncertainty are identified.
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The cost of achieving significant greenhouse gas 
emissions reductions in future years will depend 
critically on the availability and cost of low- or 
nonemitting technologies. A cap-and-trade system 
that establishes caps extending decades into the 
future generates price signals that provide incen-
tives for firms to invest in the development and 
deployment of such technologies, thereby low-
ering the future cost of reducing emissions. To 
create these incentives, a cap-and-trade system 
must provide credible commitments to meeting 
long-run emissions targets.9 If a lack of credibility 
makes the payoff from investments in the new 
technologies highly uncertain, these investments 
will lag (Montgomery and Smith 2007). On the 
other hand, policymakers also need to maintain 
flexibility to adjust long-term targets as new in-
formation is obtained regarding the benefits and 
costs of mitigating climate change. Managing this 
trade-off between the credibility of long-run tar-
gets and flexibility is important for the success of 
any climate policy.

Even a credible long-run cap-and-trade system may 
provide insufficient incentives for investment in 
technology development if it does not address cer-
tain well-known market failures, in particular those 
associated with investments that create knowledge 
with a public good nature (Jaffe et al. 2005, Newell 
2007). A cap-and-trade system alone will not en-
courage the socially desirable level of investment 
in research, development, and deployment of new 
technologies that could reduce future emissions re-
duction costs. Additional policies may be necessary 
to increase government funding or incentives for 
private funding of such research.10

Applications of Cap-and-Trade 
mechanisms

Over the past two decades, tradable permit systems 
for pollution control have been adopted with in-

creasing frequency in the United States (Tieten-
berg 1997) as well as other parts of the world. As 
explained above, tradable permit programs are of 
two basic types, credit programs and cap-and-trade 
systems. The focus of this brief review is on appli-
cations of the cap-and-trade approach.11 The pro-
grams described below are examined in more detail 
in the online appendix to this paper.

previous Use of Cap-and-Trade Systems for 
local and regional Air pollution
The first important example of an environmen-
tal trading program in the United States was the 
phasedown of leaded gasoline in the 1980s. Al-
though not strictly a cap-and-trade system, the 
phasedown included features, such as trading and 
banking of environmental credits, that brought it 
closer than other credit programs to the cap-and-
trade model and resulted in significant cost savings. 
The program was successful in meeting its environ-
mental targets, and the system was cost-effective, 
with estimated cost savings of about $250 million 
a year (Stavins 2003). Also, the program provided 
measurable incentives for the diffusion of cost-sav-
ing technology (Kerr and Newell 2000).

A cap-and-trade system was also used in the United 
States to help comply with the Montreal Protocol, 
an international agreement aimed at slowing the 
rate of stratospheric ozone depletion. The proto-
col called for reductions in the use of CFCs and 
halons, the primary chemical groups thought to 
lead to depletion. The timetable for the phaseout 
of CFCs was later accelerated, and the system ap-
pears to have been relatively cost-effective.

The most important application in the United 
States to date of a market-based instrument for 
environmental protection is arguably the cap-
and-trade system that regulates SO2 emissions, 
the primary precursor of acid rain. The program, 
established under the U.S. Clean Air Act Amend-

9. Although no legislation can guarantee that future commitments will be met, legislated targets increase credibility by increasing the politi-
cal costs to legislators of altering future requirements.

10. See, for example, National Commission on Energy Policy (2007b). Such complementary policies are examined later in this paper.
11. This section draws, in part, on Stavins (2003).

http://www.hamiltonproject.org
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ments of 1990, is intended to reduce SO2 and NOX 
emissions by 10 million tons and 2 million tons, 
respectively, from 1980 levels. A robust market in 
SO2 allowances emerged under the program, re-
sulting in cost savings on the order of $1 billion an-
nually compared with some command-and-control 
alternatives (Carlson et al. 2000). The program has 
also had a significant environmental impact: SO2 
emissions from the electric power sector decreased 
from 15.7 million tons in 1990 to 10.2 million tons 
in 2005 (U.S. Environmental Protection Agency 
2005).

In 1994 California’s South Coast Air Quality Man-
agement District launched a cap-and-trade pro-
gram to reduce NOX and SO2 emissions in the Los 
Angeles area. This program, called the Regional 
Clean Air Incentives Market (RECLAIM), set an 
aggregate cap on NOX and SO2 emissions for all 
significant sources, with an ambitious goal of re-
ducing aggregate emissions 70 percent by 2003. 
Trading under the RECLAIM program was re-
stricted in several ways, with positive and negative 
consequences. But despite problems, RECLAIM 
has generated environmental benefits, with NOX 
emissions in the regulated area falling by 60 percent 
and SO2 emissions by 50 percent. The program has 
also reduced compliance costs for regulated facili-
ties, with the best available analysis suggesting cost 
savings of 42 percent, amounting to $58 million an-
nually (Anderson 1997).

Finally, in 1999, under U.S. Environmental Pro-
tection Agency guidance, twelve northeastern 
states and the District of Columbia implement-
ed a regional NOX cap-and-trade system to re-
duce compliance costs associated with the Ozone 
Transport Commission’s (OTC) regulations under 
the 1990 amendments to the Clean Air Act. Emis-
sions caps for two zones from 1999-2003 were set 
at 35 percent and 45 percent of 1990 emissions. 
Compliance cost savings of 40 to 47 percent have 
been estimated for the period, compared with 
a base case of continued command-and-control 
regulation without trading or banking (Farrell et 
al. 1999).

Greenhouse Gas Cap-and-Trade Systems
Although cap-and-trade has proved to be a cost-ef-
fective means to control conventional air pollutants, 
it has a very limited history as a method of reducing 
CO2 emissions. Several ambitious programs are in 
the planning stages or have been launched.

First, the Kyoto Protocol, the international agree-
ment signed in Japan in 1997, includes a provision 
for an international cap-and-trade system among 
countries, as well as two systems of project-level 
offsets. The protocol’s provisions have set the stage 
for the member states of the European Union to 
address their commitments using a regional cap-
and-trade system. This system, the European 
Union Emissions Trading Scheme (EU ETS) for 
CO2 allowances, is by far the largest active cap-
and-trade program in the world. It has operated for 
two years with considerable success, despite some 
initial—and predictable—problems. The 11,500 
emissions sources regulated by the downstream 
program include large sources such as oil refiner-
ies, combustion installations, coke ovens, cement 
factories, and ferrous metal, glass and ceramics, and 
pulp and paper producers, but the program does 
not cover sources in the transportation, commer-
cial, or residential sectors. Although the first phase, 
a pilot program from 2005 to 2007, allows trading 
only in CO2, the second phase, 2008-12, potentially 
broadens the program to include other greenhouse 
gases. In its first two years of operation, the EU 
ETS has produced a functioning CO2 allowanc-
es market, with weekly trading volumes ranging 
between 5 million and 15 million tons, and with 
spikes in trading activity accompanying major price 
changes. Apart from identifying some problems 
with the program’s design and early implementa-
tion (discussed in the online appendix), it is much 
too soon to provide a definitive assessment of the 
system’s performance.

In the United States, RGGI, a program among 
ten northeastern states, will be implemented in 
2009 and begin to cut emissions in 2015. RGGI 
is a downstream cap-and-trade program intended 
to limit CO2 emissions from electric power sec-
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tor sources. Beginning in 2015 the emissions cap 
will decrease by 2.5 percent each year until 2019, 
when it will be 10 percent below current emissions, 
or about 35 percent below the business-as-usual 
(BAU) estimate, and 13 percent below 1990 emis-
sions levels. Because RGGI limits emissions from 
the power sector only, incremental monitoring 
costs are low, as U.S. power plants are already re-
quired to report their hourly CO2 emissions to the 
federal government, under provisions of the SO2 
allowance trading program. The program requires 
participating states to auction at least 25 percent of 
their allowances; the remainder may also be auc-
tioned or distributed free. It is obviously not yet 
possible to assess the system’s performance, but sev-
eral problems with its design are examined in the 
online appendix.

Finally, under California’s Global Warming So-
lutions Act (Assembly Bill 32), signed into law in 
2006, the state will begin in 2012 to reduce emis-
sions to 1990 levels by 2020, and may employ a cap-
and-trade approach. Although the act does not re-
quire the use of market-based instruments, it does 
allow for them, with restrictions: they must not 
result in increased emissions of criteria air pollut-
ants or toxics, they must maximize environmental 
and economic benefits in California, and they must 
take localized economic and environmental justice 
concerns into account. This mixed set of objectives 
may interfere with the development of a sound 
policy mechanism. The Governor’s Market Advi-
sory Committee has recommended a cap-and-trade 
program, with a gradual phase-in of caps covering 
most sectors of the economy, and an allowance dis-
tribution system that uses both free distribution 
and auctions, with a shift toward more auctions in 
later years.

Criteria for policy Assessment

Three criteria stand out as particularly important 
for the assessment of a domestic climate change 
policy: environmental effectiveness, cost-effective-
ness, and distributional equity.12

environmental effectiveness
The first criterion any proposed climate policy 
must meet is environmental effectiveness: Can the 
proposed instrument achieve its intended targets? 
This will depend, in the case of a standards-based 
approach, on the technical ability of policymakers to 
design and the administrative ability of governments 
to implement standards that are sufficiently diverse 
to address all of the sources of CO2 emissions in a 
modern economy. In the case of a tax, it will depend 
on the ability of political systems to impose taxes that 
are sufficiently high to achieve meaningful emissions 
reductions (or limits on global greenhouse gas con-
centrations, or limits on temperature changes).

The evaluation must also consider how certain it is 
that the proposed policy will achieve its emissions 
or other targets. Different policy designs may be 
expected to achieve identical targets, but with dif-
ferent degrees of certainty. A cap-and-trade system 
can achieve emissions targets with high certainty 
because guaranteed emissions levels are built into 
the policy. With a carbon tax or technology stan-
dards, on the other hand, actual emissions are dif-
ficult to predict because of current and future un-
certainty about future energy prices or how quickly 
new technologies will be adopted. Such policies 
may aim to achieve particular emissions targets, 
but actual emissions may either exceed or fall below 
those targets, depending on factors beyond policy-
makers’ control.

12. Efficiency is ordinarily a key criterion for assessing public policies but is less useful when comparing alternative domestic policy instru-
ments to address climate change. The efficiency criterion requires a comparison of benefits and costs, but given the global commons 
nature of climate change, a strict accounting of the direct benefits of any U.S. policy to the United States will produce benefits that are 
small relative to costs. Clearly, the benefits of a U.S. policy can only be considered in the context of a global system. Later in this paper the 
marginal cost (allowance price) of the proposed policy is compared with previous estimates of the marginal benefits of globally efficient 
policies. In the short term, the cap-and-trade system, like any other meaningful domestic climate policy, may best be viewed as a step to-
ward establishing U.S. credibility for negotiations on post-Kyoto international climate agreements. At the same time, another argument in 
favor of a cap-and-trade (or a carbon tax) policy is political: the likelihood of some national climate policy being enacted is increasing, and 
it is preferable that such a policy be implemented cost-effectively rather than through more costly conventional regulatory approaches.
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Moreover, the tendency for exemptions to be 
granted from taxes and standards so as to address 
distributional issues weakens the environmental ef-
fectiveness of these instruments (Ellerman 2007). 
By contrast, distributional battles over the allow-
ance allocation in a cap-and-trade system neither 
raise the total cost of the program nor affect its cli-
mate impacts.

To be effective, any domestic U.S. program needs 
to be accompanied by meaningful policies in other 
countries. For some other industrialized countries, 
notably the member states of the European Union, 
constraints are already in place under the Kyoto 
Protocol and are likely to be more severe in the sec-
ond commitment period, after 2012. Negotiations 
with key developing countries, including China 
and India, are more likely to succeed if the United 
States is perceived as prepared to adopt a meaning-
ful domestic program.

Cost effectiveness
The cost effectiveness criterion compares a policy’s 
cost of achieving a given emissions target with the 
costs of alternative policy designs.13 Many catego-
ries of economic costs are relevant to this evalua-
tion.14 The costs to the government of administer-
ing and enforcing the policy may be so great as to 
effectively make a policy infeasible, but for most cli-
mate policy alternatives these administrative costs 
are anticipated to be a small fraction of the policy’s 
total cost to society. Much more important are the 
compliance costs, the direct operating and capital 
expenditures that emissions sources must make to 
comply with the regulations. 

Because of the long-term nature of the climate 
problem, both the short-run and the long-run—or 
static and dynamic—cost-effectiveness of a policy 
is an important consideration. An analysis of static 
cost-effectiveness compares the compliance costs 

of alternative policies in the short run, given the 
current capital stock and available technologies. 
Dynamic cost-effectiveness relates to how a policy 
encourages investments in capital stock and de-
velopment of new technologies that will lower the 
costs of achieving future emissions targets.

When evaluating the economic implications of a cli-
mate policy, it is important to distinguish between 
social and firm-level costs. A policy’s social costs re-
flect the value of resources used as a result of the pol-
icy that cannot be employed in some other activity, 
whether inside or outside the firm. A policy’s social 
cost-effectiveness depends on how its social costs 
compare with those of other policies that achieve 
the same result. Firm-level costs represent the net 
economic impact on (the cost to) the affected firms 
only; these are significant determinants of a policy’s 
distributional implications and political feasibility. 
Not all firm-level costs are social costs. For example, 
expenditures by firms on emissions allowances or 
carbon taxes do not represent social costs because 
they involve only the transfer of assets from one en-
tity to another; one entity’s costs are entirely offset 
by the other’s gains. Resources are redistributed, but 
not lost, as a result of such expenditures.

By imposing direct costs on particular entities, 
and through its effects on market prices, a climate 
policy also leads to indirect general equilibrium costs. 
These are the costs to entities operating in markets 
outside the one to which the regulation directly ap-
plies. Such costs result from interactions between 
the targeted market and other parts of the economy. 
Some important general equilibrium costs can occur 
when a climate policy’s impact on energy markets 
adversely affects labor supply or investment deci-
sions elsewhere in the economy. In addition, cli-
mate policies will impose transition costs associated 
with the necessary adjustments in employment and 
capital stock. Such costs are greater when policies 

13. Comparisons of the cost of alternative policies should be made on an equal footing, against a common emissions target. Of course, less 
cost-effective policies may limit the extent of emissions reductions that are politically tolerable. On the other hand, transparent poli-
cies, such as (cost-effective) pollution taxes, may be less politically tolerable than less transparent policies (Keohane, Revesz, and Stavins 
1998).

14. For a taxonomy of the costs of environmental regulation, see Stavins (1997).
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require rapid changes in capital stock, markets, and 
consumer choices. Finally, policies may also create 
negative costs (or co-benefits) by reducing the cost of 
complying with other environmental regulations, 
such as those targeting SO2 and NOX emissions, or 
by bringing about other non-climate-related ben-
efits, including increased energy security.

distributional equity
The economic impacts of any climate policy will be 
broadly felt but will vary across regions, industries, 
and households. The ultimate distribution will de-
pend not only on the costs imposed by the policy, 
but also on resulting shifts in the supply of and de-
mand for affected goods and services, and associated 
changes in market prices. Firms directly regulated 
by a climate policy typically experience two impacts: 
direct regulatory costs that reduce their profit mar-
gins, and changes in demand for their products. A 
policy’s initial burden on directly regulated firms 
may be partially offset as the introduction of direct 
regulatory costs leads to increases in those firms’ 
product prices, or reductions in prices of some in-
puts, or both. As a result of these price changes, 
other firms not directly regulated by climate policy 
will also experience changes in profits and demand. 
The extent to which firms facing the direct or indi-
rect costs of a climate policy pass those costs on to 
their consumers (or back to their suppliers) depends 
on the characteristics of the markets in which they 
compete, including the industry’s cost structure and 
consumers’ price responsiveness.

Any comprehensive climate policy will adversely af-
fect many firms, but some may experience windfall 
profits. For example, firms making less carbon-in-
tensive products may enjoy windfall profits if a cli-
mate policy increases market prices for their prod-
ucts more than it increases their own costs. Thus 
evaluation of a climate policy’s distributional im-
plications requires identifying its ultimate burdens, 
after all adjustments in market prices, rather than 
just its initial impacts on costs.

Although discussion often focuses on the impact 
of climate policies on firms, all economic impacts 

are ultimately borne by households in their roles 
as consumers, investors, and workers. As produc-
ers pass through their increased costs, consumers 
experience increased prices of energy and nonen-
ergy goods and may reduce their consumption. As 
a policy positively or negatively affects the profit-
ability of firms, investors experience changes in 
the value of investments in those firms. Finally, 
workers may experience changes in employment 
and wages.

The benefits (that is, the avoided damages) of cli-
mate policy are also unevenly distributed. Alterna-
tive policy instruments are very unlikely to result 
in different geographic distributions of climate im-
pacts, because greenhouse gases mix uniformly in 
the atmosphere. On the other hand, emissions of 
non-greenhouse gas pollutants that are correlated 
with emissions of CO2 may have local impacts and 
be sensitive to the choice of policy instrument.

organization of the paper

Section II of this paper proposes a comprehensive 
U.S. CO2 cap-and-trade system and describes its 
key elements: a gradual trajectory of emissions re-
ductions; tradable allowances; upstream regulation 
with economy-wide effects; mechanisms to reduce 
cost uncertainty; allowance allocations that com-
bine auctions with free distribution, with auctions 
becoming more important over time; availability 
of offsets for underground and biological carbon 
sequestration; supremacy over state and regional 
systems; and linkage with international emissions 
reduction credit and cap-and-trade systems and cli-
mate policies in other countries. 

Section III provides an economic assessment of the 
proposal, including an analysis of aggregate costs 
and distributional impacts. Section IV compares 
the proposal with alternative approaches to the 
same policy goal, with particular attention to com-
mand-and-control regulation and carbon taxes. 
Section V examines some common objections to 
the proposed policy and provides responses. Sec-
tion VI concludes.

http://www.hamiltonproject.org
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The United States can launch a scientifically 
sound, economically rational, and politically 
feasible approach to reducing its greenhouse 

gas emissions by adopting an upstream, economy-
wide CO2 cap-and-trade system that implements 
a gradual trajectory of emissions reductions over 
time. The approach proposed here also includes 
mechanisms to reduce cost uncertainty, such as 
multiyear compliance periods, provisions for bank-
ing and borrowing, and possibly a cost containment 
mechanism to protect against extreme price volatil-
ity.15

Allowances under the system would be allocated 
through a combination of free distribution and 
open auction. This is intended to balance, on the 
one hand, the legitimate concerns of those who will 
be particularly burdened by this (or any) climate 
policy with, on the other hand, the opportunity to 
achieve important public purposes with funds gen-
erated by the auctions. The share of free allowances 
would decrease over time as the private sector ad-
justs to the carbon constraints, with all allowances 
being auctioned after twenty-five years.

Offsets would be made available for both under-
ground and biological carbon sequestration, to 
achieve short-term cost-effectiveness and create 
long-term incentives for appropriate technologi-
cal change. The cap-and-trade system would be a 
federal program, with supremacy over all U.S. re-
gional, state, and local systems, to avoid duplication, 
double counting, and conflicting requirements. It 
would also provide for harmonization over time 
with emissions reduction credit and cap-and-trade 
systems in other nations, as well as related interna-
tional systems.

major Though not exclusive Focus  
on Co2

This proposal focuses on reductions of fossil fuel-
related CO2 emissions, which accounted for nearly 
85 percent of the 7.1 billion metric tons of U.S. 
greenhouse gas emissions in 2005.16 CO2 emissions 
arise from a broad range of activities involving the 
use of different fuels in many different economic 
sectors (Figure 1). In addition, biological seques-
tration and reductions in non-CO2 greenhouse gas 
emissions can contribute substantially to minimiz-
ing the cost of limiting total greenhouse gas con-
centrations (Reilly, Jacoby, and Prinn 2003; Stavins 
and Richards 2005). Some non-CO2 emissions 
might be addressed under the same framework as 
for CO2 in a multigas cap-and-trade system.17 But 
challenges associated with measuring and moni-
toring other non-CO2 emissions and biological 
sequestration may require separate programs tai-
lored to their specific characteristics, as described 
later.

Gradually increasing Trajectory of 
emissions reductions over Time

Because climate change is a long-term problem, 
policies can be somewhat flexible regarding when 
emissions reductions actually occur. Policies that 
take advantage of this “when” flexibility, for exam-
ple by setting annual emissions targets that gradu-
ally increase in stringency, can avoid many of the 
costs associated with taking stringent action too 
quickly, without sacrificing environmental benefits 
(Wigley, Richels, and Edmonds 1996). Premature 
retirement of existing capital stock can be avoided, 
as can many production and siting bottlenecks. 

ii.  A Comprehensive Cap-and-Trade System for  
Greenhouse Gases

15. For a review of alternative designs for a national cap-and-trade system, see Cambridge Energy Research Associates (2006).
16. This figure measures greenhouse gases in CO2-equivalent terms; that is, quantities of greenhouse gases other than CO2 are converted to 

quantities of CO2 of the same radiative forcing potential over their average duration in the atmosphere.
17. Because landfill methane emissions are already monitored, and monitoring of industrial (as opposed to agricultural) non-CO2 greenhouse 

gases would not be difficult, regulation of these sources might be integrated with CO2 policies (Reilly, Jacoby, and Prinn 2003).
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Gradually phased-in targets also provide time to 
incorporate advanced technologies into long-lived 
investments (Goulder 2004; Jaffe, Newell, and 
Stavins 1999).18 Thus, for any given cumulative 
emissions target or associated atmospheric con-
centration objective, a climate policy’s cost can be 
reduced by gradually phasing in efforts to reduce 
emissions.

The long-term nature of the climate problem and 
the need for technological change to bring about 
lower-cost emissions reductions also make it es-
sential that the caps be instituted gradually over a 
long period. The development and eventual adop-
tion of new low-carbon and other relevant tech-
nologies will depend on the predictability of future 

carbon prices, which themselves will be affected by 
the cap’s constraints. Therefore the cap-and-trade 
policy should incorporate medium- to long-term 
targets, not just short-term targets.

It would be a mistake, however, to think that “when” 
flexibility is a reason to allow delay in enacting a 
mandatory policy. On the contrary, the earlier a 
mandatory policy is established, the more flexibility 
there will be to set emissions targets that gradually 
depart from BAU levels while still achieving a long-
run objective for atmospheric concentration. The 
longer it takes to establish a mandatory policy, the 
more stringent the near-term emissions targets will 
need to be to achieve a given long-run concentra-
tion objective.

FiGUre 1

U.S. Greenhouse Gas emissions, 2005

18. In addition, given the time value of money (the opportunity cost of capital), environmentally neutral delays in the timing of emissions 
reduction investments can be socially advantageous.
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Gradually phasing in the stringency of emissions 
targets may also reduce the near-term burden of 
a climate policy, and with it both the costs and the 
challenges associated with gaining political consen-
sus. On the other hand, a policy that shifts reduc-
tion efforts too far into the future may not be cred-
ible, thus weakening incentives for investments in 
advanced technologies.

Several alternative types of policy-target trajecto-
ries are possible, including trajectories for emis-
sions caps, emissions reduction targets, global con-
centration targets, and allowance prices. Given the 
long-term nature of the problem, the best measure 
of policy stringency may be the sum of national 
emissions permitted over some extended period. 
As explained later, if banking and borrowing of al-
lowances are allowed, then only the sum of capped 
national emissions over time matters, not the spe-
cific trajectory, because trading of allowances will 
generate the cost-minimizing trajectory. Of course, 
if there is too much delay in bringing down emis-
sions, then the timing of emissions reductions can 
affect total damages, even if cumulative emissions 
are the same.

How should the appropriate sum of capped nation-
al emissions be identified? The classic economic 
approach is to choose targets that maximize the 
difference between expected benefits and expected 
costs, but such an approach is simply not fea-
sible in this context, for several reasons. Reliable 
information about anticipated damages—even in 
biophysical, let alone economic terms—is lack-
ing. In any case such a calculation could be made 
only at the global, not the national, level given 
that the problem affects the global commons. Fi-

nally, it is increasingly clear that an analysis that 
merely compares expected benefits with expected 
costs is inadequate, since it is the small risks of 
catastrophic damages that are at the heart of the 
problem (Weitzman 2007).

The cost assessment presented later in this paper 
adopts and assesses a pair of trajectories for 2012-50 
to establish a reasonable range of possibilities for 
illustrative purposes. The less ambitious trajectory 
involves stabilizing CO2 emissions at their 2008 
level over 2012-50, as predicted by Paltsev and oth-
ers (2007a, 2007b). This trajectory, in terms of its 
cumulative cap, lies within the range defined by the 
2004 and 2007 recommendations of the National 
Commission on Energy Policy (2004, 2007b). The 
more ambitious trajectory, also defined over 2012-
50, would reduce CO2 emissions to 50 percent be-
low their 1990 level. This trajectory, defined by its 
cumulative cap, is consistent with the lower end 
of the range proposed by the U.S. Climate Action 
Partnership (2007).

This illustrative pair of cap trajectories has sever-
al significant attributes. First, both are consistent 
with the frequently cited global goal of stabilizing 
atmospheric concentrations of CO2 at between 450 
and 550 parts per million (ppm), if all nations were 
to take commensurate actions.19 Second, the caps 
gradually become more stringent over an extended 
period, thus reducing costs by avoiding the necessi-
ty of premature retirement of existing capital stock, 
by reducing vulnerability to siting bottlenecks and 
other risks that arise with rapid capital stock transi-
tions, and by ensuring that firms have the opportu-
nity to incorporate appropriate advanced technol-
ogy in their long-lived capital investments.20

19. “Commensurate action” is defined in the analysis as other countries taking action that is globally cost-effective, for example by employing 
cap-and-trade systems with the same allowance price or equivalent carbon taxes (Paltsev et al. 2007a, including Table 12, page 57).

20. An alternative to the type of caps recommended here, which are denominated in tons of CO2 emissions, is the use of intensity-based 
targets, where emissions intensity is specified by the ratio of emissions to economic activity. Any aggregate output index could serve as 
the denominator, but a target based on CO2 emissions per dollar of GDP has been frequently proposed. Under such a GDP-indexed cap, 
allowable emissions in each year would be equal to the intensity cap multiplied by GDP. The Bush administration’s climate policy includes 
emissions intensity targets of this type (Pizer 2005a). Intensity-based caps are not inherently more or less stringent than absolute caps: 
given a GDP forecast, an intensity-based cap can be designed to yield the same expected emissions level as any absolute cap. An intensity-
based cap does introduce uncertainty regarding emissions levels, but at the same time it reduces cost uncertainty. However, intensity-based 
targets would create problems for linking with cap-and-trade systems in other nations. Total emissions under linked systems may either 
increase or decrease if one or both systems employ an intensity-based rather than an absolute cap. It should be noted that the correlation 
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Upstream point of regulation and 
economy-Wide Scope of Coverage

Any cap-and-trade system for CO2 must define the 
set of emissions sources that are capped (the scope 
of coverage) and the point in the fossil fuel supply 
chain at which that cap is enforced (the point of reg-
ulation). To achieve economy-wide coverage, the 
point of regulation should be upstream, collecting 
allowances according to the carbon content of fuels 
at the point of their extraction, import, processing, 

or distribution.21 The first sellers of extracted fossil 
fuels would be required to hold allowances: for coal, 
at the mine shipping terminus; for petroleum, at the 
refinery gate; for natural gas, at the first distribution 
point; and for imports, at the point of importation. 
Such a cap would effectively cover all sources of CO2 
emissions throughout the economy (Table 1).22

Any upstream program should include a credit 
mechanism, to address both the small portion of 
fossil fuels that are not combusted and the use of 

 between GDP and emissions varies substantially across countries, ranging from 0.70 for the United States to only 0.10 for France (Newell 
and Pizer 2006). Where the relationship between GDP and emissions is weak, an intensity-based cap may exacerbate fluctuations in emis-
sions reduction efforts by overadjusting emissions targets in response to economic fluctuations. More broadly, an intensity target need not 
take the form of a simple ratio, and more sensible outcomes would be associated with slightly more complex formulas (Aldy 2004).

21. Regulation at the point of transportation or distribution is sometimes referred to as midstream regulation. A downstream program im-
poses allowance requirements at the point of emissions, for example at electric power plants or factories. An upstream point of regulation 
has been used in the past where ultimate emissions are directly related to upstream production activity. For example, an upstream point of 
regulation was used to phase out automobile lead emissions by limiting the quantity of lead that refineries could use in gasoline. Similarly, 
emissions of ozone-depleting substances were phased out through limits on their production rather than on their use. It should be noted 
that an upstream approach is not fully comprehensive unless provisions are made to address “process emissions” from natural gas and 
crude oil extraction.

22. The electric power and transportation sectors account for over 70 percent of total CO2 emissions; when the industrial sector is included, 
these three sectors account for nearly 90 percent of emissions. But electric power sector emissions result from electricity use by all other 
sectors. The last column of Table 1 includes indirect emissions from electricity use in reporting each of the other sectors’ emissions.

TAble 1

Co2 emissions from energy Consumption by Sector and Fuel Type, 2005
Millions of metric tons except where stated otherwisea

Sector’s direct emissions

Sector Coal oil
natural 

gas
All fuel 
types

Sector’s direct 
emissions as 
share of total 
for all sectors 

(percent)

Sector’s 
indirect 

emissions 
from 

electricity use

Sector’s direct 
and indirect 
emissions

Sector’s direct 
and indirect 
emissions as 
share of total 
for all sectors 

(percent)

Residential 1 105 262 �68 6.2 886 1,254 21.1

Commercial 8 55 166 2�0 �.� 821 1,051 17.7

Transportation 0 1,�22 �2 1,�5� �2.� 5 1,�5� �2.�

Industrial 185 4�1 400 1,020b 17.1 66� 1,682 28.�

Electricity 1,�44 100 �1� 2,�75c ��.� NA NA NA

All sectors 2,1�8 2,614 1,178 5,�45 5,�45

All sectors as 
share of total 
(percent) �6.0 44.0 1�.8 100.0 100.0

Source: U.S. Energy Information Administration (2006). 
a.   Emission totals differ from those in figure 1 because figure 1 includes CO2 emissions from industrial processes and because of minor differences in measurement, such 

as treatment of emissions from U.S. territories.
b.  Includes emissions from net coke imports not accounted for in the first three columns. 
c.  Includes emissions from geothermal and waste-to-energy generation not accounted for in the first three columns.
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postcombustion emissions reduction technologies, 
such as carbon capture and sequestration (CCS). It 
should also include a credit-based arrangement for 
fossil fuel exports so that exporters are not placed 
at a competitive disadvantage relative to foreign 
suppliers that do not face allowance requirements. 
Emissions reductions from CCS technologies can 
be readily measured. Also, unlike some credit-
based programs, a program for CCS runs no risk 
of granting credits for fictitious emissions reduc-
tions: because emissions sources have no incen-
tive to install CCS equipment in the absence of 
a climate policy, emissions reductions achieved by 
CCS are clearly additional. CCS technologies are 
expected to play a significant role in achieving 
long-run emissions reduction goals; therefore such 
a credit mechanism is an essential component of 
an upstream cap.

Although the point of regulation determines which 
entities are ultimately required to hold allowances, 
this decision can be made independently of the 
initial allowance allocation decision. The point 
of regulation does not dictate or in any way limit 
who may receive allowances if allowances are dis-
tributed for free. The point-of-regulation deci-
sion also has no direct effect on either the costs of 
emissions reduction or the distribution of resulting 
economic burdens.23 A cap has the same impact on 
the effective cost of fuel for downstream users re-
gardless of the point of regulation. With upstream 
regulation, the allowance cost is included in the fuel 
price. Since all suppliers face the same additional 
allowance cost, all will include it in the prices they 
set for downstream customers. With downstream 
regulation, the downstream customer pays for the 
allowances and the fuel separately. In either case 
the downstream customer ultimately faces the same 
additional cost associated with emissions from its 
fuel use. 

This has two important implications. First, the 
distribution of costs between upstream and down-
stream firms is unaffected by the point-of-regula-
tion decision. Second, firms and consumers will 
undertake the same emissions reduction efforts—
and thereby incur the same emissions reduction 
costs—in either case, because they face the same 
carbon price signal. 

Some confusion has emerged regarding these 
points, with some observers suggesting that an up-
stream program will dilute the carbon price signal, 
because only part of the allowance costs will be 
passed through to downstream emitters. In par-
ticular, higher fuel prices will reduce demand, lead-
ing producers to moderate their price increases and 
absorb some of the allowance costs themselves. 
This argument is valid but not unique to upstream 
systems. With a downstream point of regulation, 
fossil fuel would in effect become more expensive, 
because emissions sources would be required to sur-
render valuable allowances. This would reduce their 
demand and lead to the same offsetting effect on 
fuel prices. Similarly, some critics find an upstream 
point of regulation counterintuitive, since it does 
not control emissions per se. In fact, an upstream 
approach gets at the problem more directly: it caps 
the amount of carbon coming into the system.

environmental effectiveness 
An economy-wide cap provides the greatest cer-
tainty of achieving a given national emissions tar-
get. Limiting the scope of coverage to a subset of 
emissions sources leads to emissions uncertainty 
through two channels. First, exogenous changes 
in emissions from unregulated sources can cause 
national emissions to deviate from expected lev-
els, even if emissions from regulated sources meet 
the target.24 Second, a limited scope of coverage 
can cause leakage, in which market adjustments 

23. This point was established decades ago in the context of tax policy (Musgrave and Musgrave 1980). However, there are a few exceptions. 
For example, the point of regulation will affect the distribution of administrative costs between upstream and downstream entities, al-
though, again, these costs would be small relative to the overall cost of a well-designed cap-and-trade system.

24. For example, the EU ETS covers CO2 emissions from facilities accounting for about 45 percent of EU greenhouse gas emissions. As a 
result, the European Union’s ability to meet its Kyoto Protocol target is threatened by significant growth in transportation sector emis-
sions, which are not covered by the ETS (European Environment Agency 2006; see also the online appendix).
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resulting from the regulation lead to increased 
emissions from unregulated sources outside the 
cap that partially offset reductions under the cap. 
For example, a cap that includes emissions by the 
electric power sector (and thereby affects electric-
ity prices) but excludes emissions from natural gas 
or heating oil use in commercial and residential 
buildings may encourage substitution of unregu-
lated natural gas or oil heating for electric heating 
in new buildings. As a result, increased emissions 
from natural gas and oil heating will offset some 
of the reductions achieved in the electric power 
sector. 

Some stakeholders have argued for a downstream 
point of regulation for at least some emissions 
sources.25 If downstream regulation of some facili-
ties is allowed, broad coverage of emissions will 
require a hybrid point-of-regulation approach, in 
which some sources are regulated upstream and 
others downstream. As commonly proposed, such 
a hybrid approach would involve upstream pro-
ducers surrendering allowances for some but not 
all of the fuel they sell, depending on whether or 
not the fuel is sold to sources subject instead to 
downstream regulation. This approach has two 
significant problems. First, a hybrid system may 
fail to provide complete coverage. Some emis-
sions sources may fall through the cracks, covered 
by neither downstream nor upstream regulation. 
Second, there would need to be two classes of 
fuel in the market, one for which allowances have 
been surrendered, and one intended for use by 
facilities subject to downstream regulation. This 
would increase administrative complexity and the 
potential for noncompliance.26

Cost effectiveness 
The aggregate costs of emissions reductions un-
dertaken to meet a cap are directly affected by the 
scope of coverage. Emissions reduction programs 
are subject to economies of scope: costs decline 
more than proportionately as the program’s scope 
increases. An upstream point of regulation makes 
economy-wide coverage feasible, thus exploiting 
these economies.

Three factors contribute to these lower costs. First, 
a broader cap expands the pool of low-cost emis-
sions reduction opportunities that can contribute to 
meeting a national target. Even if a sector may con-
tribute only a small portion of reductions, includ-
ing that sector under the cap can yield significant 
cost savings by displacing the highest-cost reduc-
tions that would otherwise be necessary in other 
sectors. For example, it has been estimated that the 
cost of achieving a 5 percent reduction in U.S. CO2 
emissions could be cut in half under an economy-
wide cap compared with a cap limited to the electric 
power sector (Pizer et al. 2006).

Second, an economy-wide cap provides important 
flexibility to achieve emissions targets given uncer-
tainties in emissions reduction costs across sectors. 
By drawing from a broader, more diverse set of 
emissions reduction opportunities, an economy-
wide cap reduces the risk of unexpectedly high 
costs, much as investing in a mutual fund reduces 
investment risk through diversification.

Third, an economy-wide cap creates incentives for 
innovation in all sectors of the economy. Such in-
novation increases each sector’s potential to con-

25. See, for example, the debates surrounding the development of a cap-and-trade program to implement California’s AB 32 (Market Advisory 
Committee 2007; Stavins 2007).

26. An alternative approach that may address the objectives of downstream proponents while reducing administrative complexity would be to 
adopt a pure upstream cap-and-trade system as proposed here, but allow certain downstream sources—such as electric power generators 
using CCS—to choose downstream regulation. This would be an alternative to the credits for CCS proposed elsewhere in this paper. 
Under this optional downstream regulation, sources would be granted allowances reflecting their fuel consumption to offset the effect of 
upstream regulation on their fuel costs, but would be required to surrender allowances for their emissions. Since any sources subject to 
downstream regulation need to be monitored in any event, this approach would be far less administratively complex than requiring up-
stream sources to determine their allowance requirements for fuel supplied based on the identity of the end consumer. To the extent that 
there are real benefits of downstream regulation, such an approach could capture some of these benefits without sacrificing the complete 
coverage achieved by pure upstream regulation, while minimizing the administrative complexity that usually comes with a hybrid point-
of-regulation system.
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tribute cost-effective emissions reductions in future 
years, and the resulting long-run cost savings from 
starting with a broad scope of coverage may far ex-
ceed any short-term gains. In theory, a policy that 
proposes to eventually expand an initially narrow 
scope of coverage might create broad incentives 
for innovation. But achieving that subsequent ex-
pansion would be difficult in practice, given that 
the adjustments that sectors face upon joining the 
cap will only become greater over time as the cap’s 
stringency increases. Thus political obstacles to 
expanding the cap may grow over time as the cap 
becomes more stringent. 

The point-of-regulation decision is a primary de-
terminant of a cap-and-trade system’s administra-
tive costs through its effect on the number of sourc-
es that must be regulated. As that number increases, 
the administrative costs to regulators and firms rise. 
The point of regulation should be chosen to facili-
tate regulation and minimize the administrative 
costs of a desired scope of coverage.27

An upstream point of regulation makes an econ-
omy-wide cap-and-trade system administratively 
feasible: nearly all U.S. CO2 emissions could be 
capped with regulation of just 2,000 upstream enti-
ties (Bluestein 2005). It would be administratively 
infeasible to implement an economy-wide cap-and-
trade (or carbon tax) system through downstream 
regulation, as this would require regulation of hun-
dreds of millions of commercial establishments, 
homes, and vehicles. An upstream program also 
eliminates the regulatory need for facility-level 
greenhouse gas emissions inventories, which would 
be essential for monitoring and enforcing a down-
stream cap-and-trade system. The fossil fuel sales 
of the 2,000 entities to be regulated under the up-
stream cap-and-trade system are already monitored 
and reported to the government for tax and other 
purposes (Table 2). Because monitoring is of little 
use without enforcement, meaningful and credible 

penalties are also important, such as fees set at up 
to ten times marginal abatement costs, plus the 
requirement for firms to make up the difference. 
Such provisions have resulted in virtually 100 per-
cent compliance in the case of the SO2 allowance 
trading program (Stavins 1998).

distributional Consequences 
An economy-wide emissions cap spreads the cost 
burden of emissions reductions across all sectors. 
In contrast, limiting the scope of coverage both 
increases the overall cost (as discussed above) and 
concentrates the burden among certain sectors, re-
gions, and income groups. 

Limiting the scope of coverage may also have unin-
tended consequences. For example, limiting cover-
age to the electric power sector would lead to greater 
electricity rate impacts and more regional variation 
in those impacts than would be anticipated under 
an economy-wide cap. In addition, excluding direct 
emissions from residential and commercial build-
ings would alter regional variation in household im-
pacts because of regional differences in household 
use of electricity, heating oil, and natural gas.

elements of the Cap-and-Trade System 
that reduce Cost Uncertainty

A cap-and-trade system minimizes the cost of 
meeting an emissions target, but emissions reduc-
tion costs can be greater than anticipated. This risk 
arises because, without mechanisms (described be-
low) that control costs, regulated sources will have 
to meet the emissions cap regardless of the cost. 
This cost uncertainty is one argument offered in 
favor of a carbon tax, which largely eliminates cost 
uncertainty (but introduces uncertainty about the 
quantity of emissions reduction) by setting the 
carbon price at a predetermined level. But policy-
makers can protect against cost uncertainty under 
a cap-and-trade system, while largely maintaining 

27. The size of the regulated sources also affects aggregate administrative costs. The EU ETS, a downstream scheme, covers approximately 
11,000 sources, 90 percent of which account for less than 10 percent of total emissions (Ellerman, Buchner, and Carraro 2007). The 
questionable “fix” apparently being devised in that case is a set of less demanding monitoring and verification requirements for smaller 
sources.
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certainty over emissions, by adopting a few key de-
sign elements: provision for banking and borrow-
ing of allowances, and possible inclusion of a cost 
containment mechanism. 

The nature of Cost Uncertainty
Cost uncertainties can arise in an emissions reduc-
tion scheme from numerous factors: many advanced 
technologies expected to contribute significantly to 
achieving emissions reductions have highly uncer-
tain costs, or their commercial feasibility has not yet 
been demonstrated; people’s willingness to adopt 
less emissions-intensive and energy-intensive tech-
nologies is not well understood; and unanticipated 
events, including future exogenous changes in en-
ergy prices or GDP growth, as well as future politi-
cal decisions, could significantly affect the cost of 
meeting emissions reductions targets.

Concern about cost uncertainty in the context of cap-
and-trade systems derives from the possibility of un-
expected, significant cost increases. The experience 
with the southern California RECLAIM cap-and-
trade system for NOX emissions is a frequently cited 
example. RECLAIM had no automatic mechanism 

for relaxing emissions caps in the face of unexpect-
edly high costs, and in 2000 allowance prices spiked 
to more than twenty times their historical levels 
(Pizer 2005b).28 Cost uncertainty may increase the 
long-run cost of emissions caps, because uncertainty 
about future allowance prices may deter firms from 
undertaking socially desirable but capital-intensive 
emissions reduction investments, forcing greater 
reliance on less capital-intensive but more costly 
measures. Firms facing investments in irreversible 
(sunk) costs require greater returns as uncertainty 
about costs or revenue increases (Dixit and Pin-
dyck 1994). Furthermore, although the populations 
directly affected by allowance price spikes may be 
relatively small, the higher prices pass through to 
affect the prices of goods and services that are more 
broadly consumed, such as electricity prices in the 
case of RECLAIM or gasoline prices in the case of 
an economy-wide cap on CO2 emissions.

provision for Allowance banking and 
borrowing
Allowance banking and borrowing can mitigate 
some of the undesirable consequences of cost un-
certainty by giving firms the flexibility to shift the 

28. Because electric power generators were part of this cap-and-trade system, these price spikes worsened the developing West Coast electric-
ity market crisis (Joskow 2001). Such unexpectedly high costs, even if only temporary, may jeopardize commitments to long-run policy 
goals. The RECLAIM program, for example, returned electric power generators to standards-based regulation in response to the eco-
nomic disruptions that occurred (Harrison 2003; see also the online appendix).

TAble 2

Alternative points of regulation for a U.S. Cap-and-Trade System

Fossil fuel category

point of regulation Coal oil natural gas

Upstream Mining and imports  
(500 companies)

Production wells and  
imports (750 companies)

Production wells and imports 
(750 companies)

Midstream Rail, barge, and trucking 
(not addressed)

Refining (200 refineries) Pipelines and processing 
(200 pipelines, or 1,250 local 
distribution companies and 
500  liquified natural gas 
plants)

Downstream Electric power plants  
(500 plants)

Mobile sources, industrial 
boilers, and electric power 
plants (millions of sources)

Industrial boilers, commercial 
and residential furnaces, and 
electric power plants (millions 
of sources)

Source: Cambridge Energy Research Associates (2006).

http://www.hamiltonproject.org


A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

22 THE HAMILTON PROJECT  |   THE BROOkINgS INSTITUTION

timing of emissions reductions in the face of unex-
pectedly high or low costs.29 If the cost of achieving 
targets is unexpectedly and temporarily high, firms 
can use banked or borrowed allowances instead of 
undertaking costly reductions. Banking of allow-
ances—undertaking extra emissions reductions ear-
lier, so that more allowances are available for use 
later—has added greatly to the cost-effectiveness of 
previous cap-and-trade systems (Stavins 2003), but 
banking provides little protection when costs remain 
high for so long that the banked allowances face ex-
haustion. This problem may be particularly acute in 
a cap’s early years, when relatively few allowances 
have been banked. Borrowing of allowances from 
future years’ allocations can be a particularly useful 
form of cost protection in these early years.

Banking offers this cost protection while still guar-
anteeing achievement of long-run cumulative emis-
sions targets. Although banking may shift some 
emissions out in time, from when allowances are 
banked to when they are used, cumulative emis-
sions at any point can never exceed the number of 
allowances issued up to that point. 

Credible mechanisms need to be established to en-
sure that borrowed allowances are “repaid” through 
future emissions reductions. For example, firms 
could be allowed to borrow from their own future 
supplies, while entering into a contractual—pos-
sibly bonded—agreement with the government to 
repay the borrowed emissions at a subsequent date. 
Or the government could allocate allowances from 
a future year to be used this year, decreasing the 
firm’s future allocation by the same amount.

provision for a Sensible Cost Containment 
mechanism
Ultimately the most robust cost control feature of a 
cap-and-trade program is a broad and fluid market 

in allowances. With such a market, offsets—dis-
cussed elsewhere—can play a key role in keeping 
costs down. Another issue is cost uncertainty linked 
with short-term allowance price volatility. Banking 
and borrowing can be exceptionally important in 
reducing long-term cost uncertainty, but the pos-
sibility of dramatic short-term allowance price 
volatility may call for inclusion of a sensible cost-
containment mechanism. Such a mechanism could 
allow capped sources to purchase additional allow-
ances at a predetermined price, set sufficiently high 
(say, from twice to ten times the expected level of 
allowance prices, not 10 or 20 percent above) to 
make it unlikely to have any effect unless allowance 
prices exhibit truly drastic spikes. The resulting 
revenue would be dedicated exclusively to financ-
ing emissions reductions by uncapped sources, such 
as of non-CO2 greenhouse gases, or to buy back 
allowances in future years. This is very different 
from standard proposals for a “safety valve,” both 
because the environmental integrity of the program 
(the cap) is maintained by using the revenue for the 
specific uses just mentioned, and because the high 
predetermined price has no effect unless there are 
drastic price spikes.

The predetermined trigger price for the cost-
containment mechanism would place a ceiling on 
allowance prices and hence on abatement costs, 
because firms will not undertake emissions reduc-
tions more costly than the trigger price (Jacoby 
and Ellerman 2002).30 To be effective as an insur-
ance mechanism, the trigger price should be set 
at the maximum incremental emissions reduction 
cost that society is willing to bear. At this level 
the mechanism would be triggered only when 
costs are unexpectedly and unacceptably high. Of 
course, a cost-containment mechanism that is set 
too high would provide no insurance against ex-
cessive costs.

29. All existing cap-and-trade programs have implicit provision for banking and borrowing within the length of their compliance periods: one 
year in the case of the SO2 allowance trading program, and five years in the case of the Kyoto Protocol’s “commitment periods.”

30. An alternative that would maintain and possibly exceed long-run emissions targets is a complementary allowance price floor, facilitated by 
a government promise to purchase allowances at a specified price. A price floor ensures achievement of all emissions reduction opportuni-
ties below a given cost, which may exceed the amount of reductions necessary to meet the cap. The need for a price floor may decrease, 
however, with banking.
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Importantly, because revenue from the trigger price 
mechanism would be used to finance emissions re-
ductions by uncapped sources or to buy back allow-
ances in future years, the cost-containment mecha-
nism would reduce cost uncertainty and increase 
cost-effectiveness, while simultaneously maintain-
ing environmental effectiveness.

Allocation of Allowances

The cap-and-trade system would create a new com-
modity, a CO2 allowance, which would have value 
because of its scarcity: only as many allowances 
would be issued as is consistent with the emissions 
target. The government could distribute allow-
ances for free or auction them. This proposal rec-
ommends an allowance allocation mechanism that 
combines auctions with free distribution, with auc-
tions becoming more important over time.

The aggregate value of allowances in a nationwide 
system would be substantial. Indeed, if all allow-
ances are auctioned, annual auction receipts would 
amount to a significant share of federal revenue.31 
For firms needing to buy auctioned allowances, total 
allowance costs would significantly exceed the cost 
of emissions reductions that would meet a modest 
cap. The reason is that under an economy-wide 
emissions cap that reduces nationwide emissions by 
5 percent, for example, regulated firms would incur 
costs associated with reducing those emissions but 
would have to purchase allowances for the remain-
ing 95 percent of their emissions.

The magnitude of these firm-level costs indicates 
that the choice of allocation method (auctioning 
versus free distribution) and the use of auction reve-
nue can have important distributional implications. 
By contrast, the allocation choice does not affect 
the achievement of the emissions targets, and—as 
emphasized above—the allocation issue is inde-
pendent of the point of regulation. Indeed, since 
alternative points of regulation lead to the same 
ultimate distribution of economic burdens, there is 
no economic rationale for tying allocation choices 
to the point of regulation. For example, under an 
upstream cap, it would be possible to distribute al-
lowances for free to downstream energy-intensive 
industries that are affected by the cap even though 
they are not directly regulated by it. This is one 
approach to compensating those industries for the 
impact of a climate policy, since they could then 
sell the allowances to firms directly regulated under 
the cap.

The Choice between Auction and Free 
distribution: overall Cost Concerns
Beyond the distributional consequences of alloca-
tion decisions, the choice of whether allowances 
will be auctioned or distributed for free can affect 
the program’s overall cost. Generally speaking, the 
choice between auctioning and allocating allowanc-
es for free does not influence firms’ production and 
emissions reduction decisions.32 Firms face the same 
emissions cost regardless of the allocation method. 
Even when it uses an allowance that it received for 
free, a firm loses the opportunity to sell that allow-
ance and thus incurs an opportunity cost. 

31. Under the economy-wide program proposed here, annual auction revenue (if all allowances were auctioned) would exceed $100 billion, 
compared with federal net tax revenue in fiscal year 2006 of $351 billion from the corporation income tax, $994 billion from the individual 
income tax, and $810 billion from employment taxes (U.S. Energy Information Administration 2006b).

32. Two exceptions are allocations to regulated utilities (discussed below) and “updating allocations.” If allowances are freely allocated, the 
allocation should be on the basis of some historical measure or measures, not on the basis of measures that firms can influence. Updating 
allocations, which involve periodically adjusting allocations over time to reflect changes in firms’ operations, violate this principle. For ex-
ample, an output-based updating allocation ties the quantity of allowances that a firm receives to its output. This distorts firms’ pricing and 
production decisions in ways that can introduce unintended consequences and can significantly increase the cost of meeting an emissions 
target. Selective use of updating allocations has nevertheless been recommended by some to preserve industry competitiveness and reduce 
emissions leakage in sectors with high CO2 emissions intensity and unusual sensitivity to international competition. This paper recom-
mends an alternative approach, namely, a requirement that imports of a small set of specific commodities carry with them CO2 allowances 
(see below). Two closely related issues, which must be addressed even when allocations are historically based, are whether to allocate allow-
ances for free to new facilities and whether to strip closing facilities of their allocations. As with updating, rewarding new investments with 
free allowances or penalizing closures by stripping firms of their free allocations can encourage excessive entry and undesirable, continued 
operation of old facilities, leading to significant inefficiencies (Ellerman 2006). This has apparently happened under the EU ETS.
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But the choice to distribute allowances for free can 
affect a cap’s cost in two ways. First, free distribution 
forgoes the collection of auction revenue that could 
be used to reduce the costs of the existing tax system 
or fund other socially beneficial policies. Second, free 
allocations may affect electricity prices in regulated 
cost-of-service electricity markets, thereby affect-
ing the extent to which reduced electricity demand 
contributes to limiting emissions cost-effectively.33

Much attention has been given to the opportunity 
to use auction revenue to reduce existing distortion-
ary taxes. Taxes on personal and corporate income 
discourage desirable economic activity by reducing 
after-tax income from, and therefore the incentive 
for, work and investment. Use of auction revenue to 
reduce these taxes in a fiscally neutral fashion would 
stimulate additional economic activity, offsetting 
some of the cap’s costs. These tax reductions could 
be significant. Studies indicate that “recycling” 
auction revenue by using it to reduce personal in-
come tax rates could offset 40 to 50 percent of the 
economy-wide social costs that a cap would impose 
if allowances were distributed for free (Bovenberg 
and Goulder 2003).

Achieving such gains may be difficult in practice, 
because the types of tax reform that would achieve 
them might not be those most politically likely to 
be enacted. The estimated cost reductions in these 
studies are for policies in which auction revenue is 
used to reduce marginal tax rates that diminish in-
centives to work and invest. If instead auction reve-
nue funded deductions or fixed tax credits, it would 
have a smaller (perhaps no) effect on incentives to 
work and invest. On the other hand, auction rev-
enue could yield economic gains without tax reform 
by reducing fiscal imbalances, thereby reducing the 
need for future tax increases.

In general, auctioning generates revenue that can 
be put toward innumerable uses. Although all uses 

of public funds have distributional implications, 
some offer greater economic gains than others. 
Use of auction revenue to reduce tax rates is just 
one example of a use that can create larger overall 
economic gains than would result from free distri-
bution of allowances. Other socially valuable uses 
of revenue could include reduction of the federal 
debt (for example, through measures that offset the 
cap’s potentially adverse fiscal impacts) and funding 
of desirable spending programs (for example, re-
search and development). On the other hand, some 
government uses of auction revenue may generate 
less economic value than could be realized by pri-
vate sector use of those funds. Thus the opportu-
nity to reduce the aggregate cost of a climate policy 
through auctioning, rather than distributing allow-
ances for free, depends fundamentally on the use to 
which the auction revenue is ultimately put.

The Choice between Auction and Free 
distribution: distributional Concerns
Although the revenue from auctions has the po-
tential to reduce a climate policy’s economy-wide 
costs depending on how that revenue is used, free 
distribution of allowances has its advantages as well, 
in that it provides an opportunity to address the dis-
tribution of a climate policy’s economic impacts. (In 
principle, auction revenue could be redistributed in 
a manner equivalent to any free distribution of al-
lowances, but such a proposal would likely encoun-
ter greater political challenges.) Free distribution 
can be used to redistribute a cap’s economic burdens 
in ways that mitigate the impacts on those most af-
fected. A sensible principle for allocation would be 
to try to compensate those sectors and individuals 
most burdened by the climate policy. Such redistri-
bution of impacts may also help establish political 
consensus on a climate policy that achieves mean-
ingful emissions reductions. Thus the choice be-
tween auctioning and free allocations introduces a 
potential trade-off between a cap’s aggregate cost 
and the achievement of distributional objectives.

33. In addition, auctions eliminate the need for government to develop and implement a method of allocating allowances to individual firms, 
thereby reducing the overall costs of program implementation; and auctions ensure that allowances will be available to all participants in 
markets. Also, in the presence of particularly perverse types of transaction costs that reduce the cost-effectiveness of trading, auctions can 
be particularly attractive (Stavins 1995).
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With some important exceptions, in a competitive 
market the benefits of free allowances generally 
accrue only to their recipients, increasing their 
profitability or wealth, and generally do not bene-
fit the consumers, suppliers, or employees of those 
recipients. Hence, although the cost of allowance 
requirements can be expected to ripple through 
the economy, the benefits of free allocations will 
not.34 Therefore, if markets (including deregulated 
electricity markets) are competitive, free distribu-
tion of allowances for purposes of compensation 
should be directly targeted at those industries, 
consumers, and other entities that policymakers 
wish to benefit. Having said this, it is important 
to keep in mind that firms per se are not the 
final recipients of these benefits. After a portion 
of the increased profits are turned over to the 
government through tax payments, the remainder 
accrues to shareholders, a subset of the general 
population.

Because free allocations may increase a cap’s overall 
cost, it is important to consider what share of al-
lowances needs to be distributed for free to meet 
specific compensation objectives. A permanent al-
location of all allowances to affected firms would, in 
the aggregate,35 significantly overcompensate them 
for their financial losses (Goulder 2000; Bovenberg 
and Goulder 2003; Smith, Ross, and Montgomery 
2002).36 Much of the cost that a cap-and-trade sys-
tem initially imposes on firms will be passed on to 
consumers in the form of higher prices. In effect, 
before any free allocation, firms are already par-
tially compensated by changes in prices that result 
from the cap. Therefore, allocating all allowances 
for free in perpetuity to affected firms would over-
compensate them in the aggregate and would use 
up resources that could be put toward other uses, 

including compensating the consumers who bear 
much of the ultimate burden.

proposal for a mixed System of Auction and 
Free distribution
Given these important differences in the impli-
cations of free allocation versus auctioning, the 
best alternative is to begin with a hybrid approach 
wherein some (half in the present proposal) of the 
allowances are initially auctioned and the rest are 
distributed free to entities burdened by the policy, 
including suppliers of primary fuels, electric power 
producers, energy-intensive manufacturers, and 
particularly trade-sensitive sectors. The share of 
free allowances should decline over time until it 
eventually (after twenty-five years in the present 
proposal) reaches zero. The reason is that, over 
time, the private sector, including those industries 
with long-lived capital assets, will have an opportu-
nity to adjust to the new system. Thus the justifica-
tion for free distribution diminishes over time. In 
the short term, however, free distribution provides 
flexibility to address distributional concerns that 
might otherwise impede initial agreement on a pol-
icy. Meanwhile the portion of allowances that are 
initially auctioned will generate revenue that can be 
used for public purposes, including compensation 
for the program’s impacts on low-income consum-
ers, public spending for related research and devel-
opment, reduction of the federal budget deficit, and 
reduction of distortionary taxes.

Why this particular pattern of a 50-50 initial al-
location with phase-out of the free allocation over 
twenty-five years? The answer is that this time 
path is consistent with analyses of the share of al-
lowances that would need to be distributed for free 
to compensate firms for equity losses. In a series of 

34. If allowance allocations are updated in future years, or if they are allocated to firms in regulated markets, however, some (if not all) of the 
economic benefit of free allowances will flow to consumers, suppliers, and employees.

35. Even if all firms, in the aggregate, are overcompensated, some may still experience losses, because of unequal cost incidence at the firm 
level.

36. According to these studies, the coal, natural gas, and petroleum industries would be fully compensated if fewer than 25 percent of the al-
lowances in an economy-wide program were freely allocated to them in perpetuity. Each industry would experience no aggregate burden, 
although some individual firms might suffer losses. If free allocations are phased out over time, a greater share of allowances would need 
to be freely allocated before the phase-out to achieve the same ultimate compensation as a smaller, but permanent allocation. For analyses 
of allocations to the electric power sector, see Burtraw and others (2002) and Burtraw and Palmer (2006).
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analyses that considered the share of allowances that 
would be required in perpetuity for full compensa-
tion, Bovenberg and Goulder (2003) found that a 
13 percent share would be sufficient to compen-
sate the fossil fuel extraction sectors. In a scenario 
consistent with the Bovenberg and Goulder study, 
Smith, Ross, and Montgomery (2002) found that 
free distribution of 21 percent of allowances would 
be needed to compensate primary energy produc-
ers and electric power generators.37

The time path recommended here for an economy-
wide program—half of allowances initially distrib-
uted free, with this share declining to zero after 25 
years—is equivalent in terms of present discounted 
value to perpetual allocations (like those previously 
analyzed) of 15 percent, 19 percent, and 22 percent 
at real interest rates of 3, 4, and 5 percent, respec-
tively. Hence the recommended allocation is consis-
tent with the principle of targeting free allocations to 
burdened sectors in proportion to their relative bur-
dens. It is also pragmatic to be more generous with 
the allocation in the early years of the program.

Credits and offsets for Specified 
Activities

Any well-designed emissions reduction scheme will 
need to include provision for offsets or credits for 
certain specific activities. This is a potentially ad-
vantageous means of encouraging emissions reduc-
tions from activities outside the scope of the cap-
and-trade system, and lowering costs. An important 
concern, however, is the additionality problem dis-
cussed above, which requires making a comparison 
with an unobserved and unobservable hypotheti-
cal (what would have happened had the credit not 
been generated). Despite this problem, significant 
cost savings can be achieved through selective use 
of credit-based programs targeting certain activities 
that otherwise would be too costly or simply infea-
sible to integrate into the cap-and-trade system.

The proposed upstream program would include se-
lective use of the credit mechanism to address the 
small portion of fossil fuels that are not combust-
ed, for example those used in some petrochemical 
feedstocks, because these uses do not contribute to 
greenhouse gas emissions. Credits would also be is-
sued for fuel exports, as mentioned earlier. 

A third proposed use of credits would be to address 
the use of downstream emissions reduction tech-
nologies such as CCS. As explained above, emis-
sions reductions from CCS technologies can be 
readily measured, and because there is no incentive 
to install CCS equipment in the absence of a cli-
mate policy, emissions reductions achieved by CCS 
are clearly additional. CCS technologies may play 
a significant role in achieving long-run emissions 
reduction goals (U.S. Energy Information Admin-
istration 2007; Deutch and Moniz 2007), making 
this credit mechanism an essential component of 
the upstream cap. Indeed, it might even be desir-
able to intentionally overcompensate CCS activi-
ties with credits, to provide a stronger incentive for 
research and development.

A program of credits for selected cases of biological 
sequestration through land use changes should also 
be included. A cost-effective portfolio of climate 
technologies in the United States would include a 
substantial amount of biological carbon sequestra-
tion through afforestation and slowing of defores-
tation (Stavins 1999; Stavins and Richards 2005; 
Lubowski, Plantinga, and Stavins 2006).38 Trans-
lating this into practical policy will be a consider-
able challenge, however, because of concerns about 
monitoring and enforcement, additionality, and 
permanence. In principle, monitoring and enforce-
ment are technologically feasible through third-
party verification using remote sensing, but the 
cost may be high. Additionality is an even greater 
challenge, although it is likely to be less of a prob-
lem with afforestation than with avoided defores-

37. Analyses by Burtraw and Palmer (2006) and Burtraw and others (2002) appear to corroborate these findings.
38. For example, Stavins and Richards (2005) estimated that more than 1 billion metric tons of CO2 could be sequestered annually at a cost 

ranging from about $8 to $23 per ton.
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tation. The issue of permanence can, in principle, 
be addressed through renewal of contracts to keep 
carbon stored (Plantinga 2007), but someone must 
bear the risk of default. Despite these challenges, it 
is important to begin to develop at least a limited 
system of credits for biological sequestration, partly 
because otherwise there may be significant leakage 
due to policies that affect biofuel production (Palt-
sev et al. 2007).39 

Finally, provision should be made to expand cov-
erage over time to non-CO2 greenhouse gases. 
Although CO2 is by far the most important an-
thropogenic greenhouse gas, responsible for 84 
percent of radiative forcing linked with emissions 
in 2005 (Figure 1), it is by no means the only one 
of concern. CO2, methane (CH4), nitrous oxide 
(N2O), and three groups of fluorinated gases—sul-
fur hexafluoride (SF6), hexafluorocarbons (HFCs), 
and polyvinyl fluorocarbons (PFCs)—are the major 
greenhouse gases and the focus of the Kyoto Proto-
col.40 And because reductions in emissions of some 
of these gases could be achieved at relatively low 
cost, their inclusion in a program would be attrac-
tive in principle (Paltsev et al. 2007).

The sources of some of these gases are numerous 
and highly dispersed, making their inclusion in a 
cap-and-trade program problematic. The answer 
may be to phase in regulation selectively over 
time with credit or offset mechanisms, taking care 
to grant credits in CO2-equivalent terms only for 
well-documented reductions. Over time such ap-
proaches could be developed for industrial emis-
sions of methane and NO2 and for the manufacture 
of key industrial gases in the case of refrigerants 
(HFCs), circuits (PFCs), and transformers (SF6). 
(Agricultural emissions are probably too dispersed 
to be subject to a workable program.) Thus cap-
and-trade of non-CO2 greenhouse gases would 

likely combine upstream and downstream points of 
regulation.

More broadly, because of concerns about addition-
ality and related perverse incentives, the role of 
project-based offsets should be defined carefully.41 
In particular, offsets must be given only for real, 
additional, verifiable, and permanent reductions in 
emissions. Constraints should not be set in quan-
titative or geographic terms, however. Allowing 
even a small number of bad offsets does not make 
sense, nor does it make sense to deny high-quality 
offsets. Instead, strict criteria should be developed 
for allowing the generation of approved offsets, but 
without reference to quantity or location.

linkage with other Cap-and-Trade 
Systems and other nations’ policies

Three distinct linkage issues are important. These 
are, first, the relationship of the proposed national 
cap-and-trade system with any existing state or re-
gional systems in the United States; second, the 
linkage of the proposed system with other such sys-
tems in other parts of the world; and third, the re-
lationship between the proposed system and other 
nations’ climate policies more broadly.

linkage with other domestic Cap-and-Trade 
Systems
In the absence of a national climate policy, ten 
northeastern states have planned a downstream 
cap-and-trade system among electric power gen-
erators in the RGGI program (described above), 
and California is considering implementing a cap-
and-trade program at the state level. The econo-
my-wide, national, upstream cap-and-trade system 
proposed here could take the place of any regional, 
state, and local systems so as to avoid duplication, 
double counting, and conflicting requirements 

39. A cap-and-trade (or other) climate policy, by increasing the cost of fossil fuels, may provide incentives for the production of fuels from 
biomass, which can result in the conversion of forested areas to agricultural production, thereby increasing net CO2 emissions due to the 
change in land use.

40. CFCs, although greenhouse gases, are regulated by the Montreal Protocol, which was motivated by the impacts of CFCs on stratospheric 
ozone depletion, rather than by their contribution to global climate change.

41. For an optimistic assessment of the role of offsets, see Natsource (2007).
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(Stavins 2007). It is likely that a decision will be 
reached on a national cap-and-trade system before 
any of the regional or state programs have actually 
been implemented.

linkage with Cap-and-Trade and emissions 
reduction Credit Systems outside the United 
States
In the long run, linking of the U.S. cap-and-trade 
system with cap-and-trade systems in other coun-
tries or regions, such as the EU ETS, will clearly 
be desirable to reduce the overall cost of reducing 
greenhouse gas emissions and achieving any fu-
ture global concentration targets (Jaffe and Stavins 
2007). But what level and type of linkage are desir-
able in the early years of the development of a U.S. 
cap-and-trade system is open to debate. In the short 
term it may be best for the United States to focus on 
linkages with emissions reduction credit programs, 
such as the Kyoto Protocol’s Clean Development 
Mechanism (CDM), for several reasons.42

First, by tapping low-cost emissions reduction 
opportunities in developing countries, linkage of 
the U.S. system with CDM has greater potential 
to achieve significant cost savings for the United 
States than does linkage with cap-and-trade systems 
in other industrialized countries, where abatement 
costs are more similar to those in the United States. 
(Concerns about additionality associated with CDM 
credits are addressed later in this section.)

Second, linkage with an emissions reduction credit 
system such as CDM can only lower, not raise, do-
mestic allowance prices, since the transactions would 
be unidirectional, involving only U.S. purchases of 
(low-cost) CDM credits. In contrast, bidirectional 
linkage of the U.S. system with another cap-and-
trade system could either decrease or increase the 
domestic allowance price, depending upon which 
country has the higher marginal abatement costs. 
Similarly, other countries contemplating linking 

their cap-and-trade systems with a U.S. system may 
object to buying allowances from the U.S. system if 
the U.S. cap is less stringent (and hence has a lower 
allowance price).

Third, the United States may have to choose be-
tween adopting a cost containment mechanism and 
linking with cap-and-trade systems in other coun-
tries. It appears unlikely that the European Union 
would agree to link its ETS with a U.S. system 
that employs a safety valve or other such cost con-
tainment measure. On the other hand, the United 
States could link with emissions reduction credit 
systems, such as CDM, even with a cost contain-
ment measure in place. In summary, compared with 
linking with other cap-and-trade systems, linking 
with CDM would give the United States greater 
autonomy over the allowance price that emerges 
from its system and over efforts to control cost un-
certainty.

Fourth, given that other cap-and-trade systems, 
such as the European Union’s, will likely them-
selves be linked with CDM, linking the U.S. sys-
tem with CDM would have the effect of linking the 
U.S. system with those other systems indirectly, but 
in ways that avoid the short-term problems iden-
tified above. For example, to the extent that the 
U.S. system bids CDM credits away from Europe, 
the offsetting emissions reductions associated with 
resulting increased emissions in the United States 
would come from Europe, not from the countries 
that originally supplied the CDM credits.

Fifth, this indirect linkage should reduce the con-
cerns about additionality normally associated with 
linking with CDM. If another country or region 
(for example, the European Union) has already 
linked with CDM, the effect of U.S. linkage with it 
will differ significantly from what it would be if the 
United States were the only country doing the link-
ing. Although significant additionality concerns as-

42. The Clean Development Mechanism, one of the so-called “flexibility mechanisms” in the Kyoto Protocol, provides that industrialized 
countries, which have taken on binding targets under the Protocol, can meet those targets in part by financing projects in developing 
countries which result in emissions reductions.
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sociated with CDM credits may indeed arise, many 
of the credits that the U.S. system would ultimately 
purchase would be used by other linked systems if 
the United States did not link with CDM. Hence, 
for these credits, the U.S. decision to link with 
CDM raises no incremental additionality concerns. 
Any U.S. use of these credits would result in emis-
sions reductions in the other linked systems that 
would otherwise have used the credits.

Finally, the indirect linkage created by a U.S. link 
with CDM can achieve some and perhaps much of 
the same cost savings that would arise from direct 
linkage with other cap-and-trade systems. CDM 
credits can be sold on the secondary market and 
so will ultimately go to the linked system with the 
highest allowance price, thus promoting the same 
convergence of allowance prices that direct linkage 
would achieve. If low-cost CDM credits are in suf-
ficient supply, direct linkages between the various 
systems and CDM would achieve the same out-
come as direct linkages among the systems them-
selves. Therefore, at least in the short term, bilateral 
linkage between the various national and regional 
cap-and-trade systems and CDM will reduce op-
portunities for additional significant cost savings 
from direct linkage among those systems.

For all these reasons, linkage of the U.S. cap-and-
trade system with CDM may be a sensible first step 
as cap-and-trade systems begin to develop around 
the world, with the expectation that the United 
States will explore direct linkage with these other 
systems over time.

linkage with other Countries’ Climate 
policies
The fact that climate change is a phenomenon af-
fecting the global commons means that it can be 
sensible to condition the goals and operations of 
the proposed U.S. cap-and-trade program on other 
countries’ efforts to reduce greenhouse gas emis-
sions. One approach would be to include a provi-
sion for tightening the overall U.S. emissions cap 
when and if the president or Congress determines 
that other major CO2-emitting nations have taken 

certain specific climate policy actions. This kind of 
“issue linkage” can be effective, particularly if the 
United States does not participate in a binding in-
ternational agreement. This links the goals of the 
U.S. system with other countries’ actions.

In addition, the operation of the cap-and-trade sys-
tem should be linked with the actions of other key 
nations. As part of the cap-and-trade program, 
imports of specific highly carbon-intensive goods 
(goods whose manufacture generates large quanti-
ties of CO2 relative to their value) from countries 
that have not taken climate policy actions compara-
ble to those in the United States should be required 
to hold appropriate quantities of allowances (mir-
roring the allowance requirements on U.S. sources). 
These allowances can be purchased from any par-
ticipant in the domestic cap-and-trade system. This 
mechanism, if properly designed and implemented, 
can help establish a level playing field in the mar-
ket for imported and import-competing domestic 
products, thereby reducing emissions leakage and 
inducing key developing countries to join an inter-
national agreement (Morris and Hill 2007).

Such a mechanism would raise some understand-
able concerns. First is economists’ natural resistance 
to tampering with free trade to achieve other ends. 
Second is the difficulty of calculating the appropri-
ate quantities of allowances for manufactured im-
ports. Third is the inescapable irony that the United 
States might adopt a mechanism for use with other 
countries that itself was recently proposed by Eu-
ropeans for use against the United States (although 
with a border tax) because of its failure to ratify the 
Kyoto Protocol. Finally, and more broadly, there is 
the risk that this mechanism would be abused and 
inappropriately applied as a protectionist measure.

These concerns can be addressed by restricting 
the mechanism to primary, highly energy-inten-
sive commodities such as iron and steel, aluminum, 
cement, bulk glass, and paper, and possibly a very 
limited set of other particularly CO2 emissions-in-
tensive goods. The requirement would not apply 
to countries that are taking actions comparable to 
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the United States to reduce their greenhouse gas 
emissions, and exemptions could be provided for 
countries with very low levels of emissions and at 
the lowest levels of economic development.

To be compatible with World Trade Organization 
(WTO) rules, the burden imposed on imported and 
domestic goods must be roughly comparable, with 
no discrimination among nations with similar con-
ditions (Pauwelyn 2007).43 Also, this requirement 
should become binding only after ten years, to allow 
time for an international climate agreement to be 
negotiated that includes all key countries in mean-
ingful ways and thereby obviates the need for the 
mechanism.44 Properly designed and constrained, 
this mechanism could be a useful intermediate step 
of international linkage on the way to U.S. partici-
pation in a sound international agreement.

Associated Climate policies

The price signals generated by a well-functioning 
upstream cap-and-trade system will be rendered 
ineffective if the markets on which the system de-
pends fail at their basic functions. If these market 
failures are large enough and the cost of correcting 

them is small enough to warrant policy interven-
tion, an argument can be made to attack these other 
market failures directly (Newell, Jaffe, and Stavins 
1999).

Examples of such market failures include informa-
tion problems that lead consumers to undervalue 
the expected energy cost savings when purchasing 
energy-efficient durable goods ranging from room 
air conditioners to motor vehicles. There is also, 
in theory, a principal-agent problem: landlords 
may underinvest in energy-efficient appliances be-
cause their tenants pay their own electricity costs. 
Perhaps the most important example of market 
failure is that involving research and develop-
ment, whose characteristics as a public good—the 
knowledge generated may not be exclusive, so that 
the economic returns cannot be fully captured—
lead to underinvestment. To achieve the desired 
levels of investment, additional public policies of 
various kinds, beyond the price signals generated 
by the cap-and-trade system, may be necessary. 
The National Commission on Energy Policy has 
recommended a variety of such policies (2004, 
2007b).45

43. For further discussion of the relationship between WTO rules and such mechanisms, including the use of border taxes, see Frankel 
(2005).

44. For a variety of potential post-Kyoto international policy architectures, see Aldy and Stavins (2007); for a specific proposal that would 
include all key countries in a meaningful international agreement, see Olmstead and Stavins (2006).

45. A conceptually distinct issue is that other policy problems—an example is “energy security”— may call for public policies that have their 
own climate impacts. For examples, see Sandalow (2007).
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This economic assessment of the proposed 
cap-and-trade system begins with a qualita-
tive examination of the system’s implications 

for both short-term cost effectiveness and long-
term dynamic incentives for cost-saving techno-
logical change. Empirical estimates of costs, price 
impacts, and other aggregate economic measures 
are provided for the two illustrative trajectories of 
CO2 emissions caps. In addition, the analysis con-
siders the challenge of estimating the benefits of 
a U.S. program that addresses a global commons 
problem, and it reports numerical benefit estimates 
from previous sources to place the cost estimates 
in context. The section closes with an extensive 
consideration of the distributional impacts of the 
proposed system, including illustrative numerical 
estimates of the sectoral cost impacts.

A General Cost Assessment of the Cap-
and-Trade Approach

The opportunity for cost savings through the use 
of a cap-and-trade approach to CO2 emissions re-
duction stems largely from certain characteristics 
of global climate change itself. First, the climate 
impacts depend on the stock of greenhouse gases 
that accumulate in the atmosphere, not on the flow 
at any point in time. Given the long persistence of 
greenhouse gases in the atmosphere, cumulative 
emissions over decades are the appropriate focus 
of policy action. Second, a given quantity of emis-
sions has the same effect on the global atmospheric 
stock no matter where it is generated. Thus a given 
reduction in emissions produces the same benefits 
no matter how, where, or, to a large extent, when 
it is achieved. This allows for considerable flexibil-
ity in achieving reductions, thereby lowering costs 
without compromising the ultimate goal. A cap-
and-trade system (and likewise a carbon tax) takes 
advantage of what has been termed “what, where, 
and when” flexibility.

The cap-and-trade system minimizes compli-
ance costs through “what” flexibility by exploiting 
the fact that many different types of actions offer 
low-cost CO2 emissions reduction opportunities. 
Among these are adopting more efficient or lower-
emitting technologies, adjusting the use of equip-
ment that generates emissions, and accelerating the 
replacement of existing equipment. The cap-and-
trade system allows—indeed, encourages—emis-
sions reductions to be achieved through whatever 
measures are least costly.

The cap-and-trade system also minimizes com-
pliance costs through “where” flexibility, exploit-
ing the fact that control costs vary widely across 
industries and across sources within an industry. 
Costs can vary significantly even across house-
holds or firms that use identical equipment. The 
cap-and-trade system exploits this variation by 
encouraging the reduction of emissions wherever 
it is least costly. Lower-cost opportunities to re-
duce emissions may also exist in other countries, 
and the cap-and-trade system creates a common 
currency—emissions allowances—that makes it 
possible to link with efforts to reduce emissions 
in other regions. Moreover, emissions reduction 
costs will change over time as new technologies 
are developed. What may be the most cost-ef-
fective distribution of emissions reduction efforts 
across sectors, technologies, and regulated entities 
today will not be so ten years from now. The cap-
and-trade system adjusts automatically as control 
costs change over time.

As emphasized earlier, the cap-and-trade system 
also minimizes costs through “when” flexibility. 
Because climate change results from the accumu-
lation of emissions over decades to centuries, al-
lowing for flexibility in the timing of emissions 
reductions is cost-effective. The cap-and-trade sys-
tem can provide this temporal flexibility through 
the design elements proposed above: allowing the 

iii.  economic Assessment of the proposal
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banking of allowances for use in future years; per-
mitting allowances to be borrowed from future 
allocations for use today; and setting multiyear 
compliance periods, to give firms flexibility in how 
they distribute their emissions within the compli-
ance period. By allowing firms to minimize their 
costs of complying with the long-term trajectory 
of caps, the cap-and-trade system avoids requir-
ing premature retirement of existing capital stock. 
It also helps prevent existing emissions reduction 
technologies from being locked into long-lived 
capital investments when better technologies may 
be available later. Likewise, the system avoids forc-
ing complying firms to undertake unnecessarily 
costly emissions reductions in one year because of 
unusual circumstances, when less costly offsetting 
reductions can be achieved in other years. For ex-
ample, annual variations in weather may affect the 
availability of renewable energy resources, such as 
hydroelectric power. Allowing “when” flexibility 
thus achieves cost-effectiveness without compro-
mising cumulative emissions targets.

Given the long-term nature of climate change, it 
is exceptionally important that the cap-and-trade 
approach provide incentives for long-term tech-
nological change. Technologies yet to be devel-
oped may significantly reduce the long-run cost of 
achieving climate policy objectives (Jaffe, Newell, 
and Stavins 2003). It is critical that climate poli-
cies encourage innovations in technologies and in 
how fossil fuels are used. By rewarding emissions 
reductions, however they are accomplished, the 
cap-and-trade system provides broad incentives 
for innovations that lower the cost of achieving 
emissions targets.

empirical Cost Assessment of the Cap-
and-Trade proposal

A considerable number of analytical models have 
been employed over the past several years to es-
timate the aggregate costs (and in some cases the 
distributional impacts) of a cost-effective set of 
emissions reduction actions to achieve various na-
tional greenhouse gas targets. Such analyses have 
been used to estimate the costs associated with a do-
mestic cap-and-trade system or a carbon tax. Three 
modeling groups have carried out analyses under 
the U.S. government’s Climate Change Science 
Program,46 and a much larger set of modeling teams 
worked together under Stanford University’s En-
ergy Modeling Forum project, EMF-21 (Chesnaye 
and Weyant 2006). 

Two such models have had a distinctly U.S. focus 
and have been used to give particular attention to 
the costs associated with domestic cap-and-trade 
systems: the National Energy Modeling System 
(NEMS) of the U.S. Department of Energy (U.S. 
Energy Information Administration 2007),47 and 
the Emissions Prediction and Policy Analysis 
(EPPA) model of the Massachusetts Institute of 
Technology’s Joint Program on the Science and 
Policy of Global Change (Paltsev et al. 2007a, 
2007b).48

None of the models or their results are strictly 
or simply comparable. The cost estimates they 
produce depend upon the structure of the mod-
els, as well as on key assumptions regarding a 
wide variety of current and future parameters and 
variables. The factors found to have the great-
est effects on the cost estimates are: the fore-
cast business-as-usual (BAU) emissions path (the 
model’s prediction of what emissions will be in 

46. The three models are the Integrated Global Systems Model (IGSM) of the Massachusetts Institute of Technology’s Joint Program on 
the Science and Policy of Global Change; the MiniCAM Model of the Joint Global Change Research Institute, itself a partnership of the 
Pacific Northwest National Laboratory and the University of Maryland; and the Model for Evaluating the Regional and Global Effects 
(MERGE) of greenhouse gas emissions reduction policies, a joint effort of Stanford University and the Electric Power Research Institute 
(Newell and Hall 2007). Results are summarized in various documents, including Clarke and others (2006).

47. In addition to the Energy Information Administration’s own use of the NEMS model (2007), the National Commission on Energy Policy 
has used the model to estimate the costs of its proposals (2004, 2007b).

48. EPPA is a component of the IGSM. For a summary of findings from the models, see Aldy (2007).
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the absence of public policy intervention); policy 
stringency and its trajectory; the scope of policy 
coverage across the economy; assumed opportuni-
ties for fuel switching and energy efficiency im-
provements; availability of offsets; and uses of the 
revenue from auctioned allowances.

To provide illustrative empirical cost estimates, 
this proposal draws on recent results from MIT’s 
EPPA model, both because of the recent vintage of 
the analysis and because its authors (Paltsev et al. 
2007a, 2007b) applied the model to examining an 
upstream cap-and-trade system that in its stylized 
form is close to what is proposed here. 

As with any analytical model, certain aspects of the 
EPPA model and its analysis affect the cost esti-
mates. Some of the model’s characteristics and as-
sumptions may lead to underestimates of the costs 
of the proposed cap-and-trade system. First, the 
model is a stylized computable general equilibri-
um model that assumes perfect, frictionless mar-
kets (marginal costs are equated among emissions 
sources), with full employment of resources and 
no transition costs (this is important for the short 
term). In essence, emissions reductions, not policies 
themselves, are modeled. The costs of monitoring 
emissions are ignored, as are the transaction costs of 
firms engaging in allowance trades. Second, EPPA 
is a deterministic model; that is, uncertainty is not 
explicitly included. If uncertainty and risk aversion 
increase costs, the model’s assumption of perfect in-
formation will tend to understate actual costs. On 
the other hand, the cost-saving properties of spe-
cific design elements that reduce cost uncertainty 
cannot really be captured. Finally, it is assumed that 
other regions of the world undertake commensu-
rate climate policies; this is a significant assump-

tion because of the effects on international fuel and 
other prices.49

Other characteristics and assumptions of the model 
are likely to lead to overestimates of the costs of the 
proposed system. First, the EPPA model analyzes 
a hypothetical program that covers all greenhouse 
gases, each of which is reduced cost-effectively and 
in the proper proportion. Compared with a CO2-
only program, this is not a problem for the estima-
tion of CO2 allowance prices, but it does result in 
overestimates of the impacts on GDP as reported 
in this paper, because those impacts are for more 
ambitious programs that include both the indicated 
CO2 emissions reductions and additional reduc-
tions in non-CO2 greenhouse gases.50 Second, the 
model does not allow for biological carbon seques-
tration, either directly in the cap-and-trade system 
or through credits. Third, it is assumed that there 
is no linkage and no international trading in allow-
ances or credits for project-level activities. Fourth, 
expansion of nuclear power is assumed to be limited 
by concerns for safety and siting of new plants, so 
nuclear capacity is not allowed to expand despite 
economic signals that would encourage its use. 

With these various model characteristics and as-
sumptions operating in opposite directions, on bal-
ance the EPPA analysis can be employed simply to 
offer some illustrative cost estimates. In addition, 
the EPPA model does not take into account the exis-
tence of state and regional programs. Ignoring such 
programs in place could tend to overstate the costs 
of achieving some national cap, but such programs 
can also lead to inefficiencies through path depen-
dence, leading to a suboptimal national program 
that drives up costs. However, the major impacts 
of state or regional programs—assuming they are 

49. In particular, Europe, Australia, Canada, and New Zealand are modeled as complying with the Kyoto Protocol in 2012, with their emis-
sions falling gradually to 50 percent below 1990 levels by 2050. Developing countries are treated as adopting a policy in 2025 that returns 
them to and holds them at their 2015 emissions through 2034, and then returns them to and holds them at their 2000 emissions for 2035 
through 2050. The cost of a U.S. cap-and-trade program is affected by these policies in the rest of the world through international fuel and 
other prices. Likewise, if a carbon tax were employed, the effectiveness of that policy would depend on policies in the rest of the world.

50. On the other hand, any given set of climate targets (such as targets expressed in terms of CO2 equivalent) can be achieved at lower cost 
with a multigas program than with a CO2-only program. However, the EPPA model’s treatment of non-CO2 greenhouse gases, in which 
measurement (policy implementation) problems are assumed away, likely has the effect of understating to some degree the aggregate costs 
of control.
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TAble 3

emissions Cap Trajectories under Two illustrative Scenarios, 2005-50
Millions of metric tons of CO2 equivalent 

Greenhouse gas Scenario 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

All greenhouse 
gases BAUa 7,0�2 7,680 8,202 8,5�6 �,21� �,884 10,711 11,507 12,4�� 1�,28�

Stabilize at 
2008 levelb 7,0�2 7,680 7,�8� 7,�82 7,�82 7,�81 7,�78 7,�76 7,�74 7,�6�

Reduce to 
50% of 1��0 
levelc 7,0�2 7,680 7,226 6,62� 6,0�2 5,4�4 4,8�6 4,2�6 �,6�6 �,041

CO2 BAU 5,�84 6,517 6,��5 7,�57 7,�15 8,518 �,28� 10,01� 10,871 11,656

Stabilize at 
2008 level 5,�84 6,517 6,710 6,740 6,75� 6,782 6,804 6,806 6,7�� 6,762

Reduce to 
50% of 1��0 
level 5,�84 6,517 6,570 6,0�6 5,481 4,8�6 4,�10 �,702 �,086 2,504

CH4 BAU 58� 602 612 617 6�1 64� 652 664 677 68�

Stabilize at 
2008 level 58� 602 400 �87 �71 �54 ��2 ��1 ��8 �51

Reduce to 
50% of 1��0 
level 58� 602 �8� �54 �22 �1� �02 �07 �17 �0�

N2O BAU �85 �88 �81 �72 �66 �65 �72 �81 ��1 407

Stabilize at 
2008 level �85 �88 264 246 241 2�� 2�� 2�1 2�4 247

Reduce to 
50% of 1��0 
level �85 �88 25� 2�2 220 217 216 21� 225 227

Fluorinated 
gasesd BAU 140 174 214 250 �08 �5� 404 451 4�6 5��

Stabilize at 
2008 level 140 174 � 10 11 11 10 � � 10

Reduce to 
50% of 1��0 
level 140 174 � 8 � � � � � �

Source: Paltsev and others (2007b, 1, 5, 6).
a.  Reference case from Paltsev and others (2007b).
b.  Based on the 287 cumulative CO2-e bmt case from Paltsev and others (2007a, 2007b).
c.  Based on the 20� cumulative CO2-e bmt case from Paltsev and others (2007a, 2007b).
d.  Sulfur hexafluoride, HFCs, and PFCs.
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binding—will be primarily distributional, driving 
up costs (requiring more abatement) for states with 
such policies in place and reducing the costs of the 
national program for other states (Stavins 2007).

Anticipated emissions Under Two illustrative 
Cap Trajectories
The first illustrative trajectory involves stabilizing 
CO2 emissions at their 2008 level over 2012-50 
(Table 3). This trajectory, in terms of its cumulative 
cap, lies within the range defined by the 2004 and 
2007 recommendations of the National Commis-
sion on Energy Policy (2004, 2007b). The second 
illustrative trajectory, also defined over 2012-50, 
involves reducing CO2 emissions from their 2008 
level to 50 percent below their 1990 level.51 This 
trajectory, also defined by its cumulative cap, is con-
sistent with the lower end of the range proposed by 
the U.S. Climate Action Partnership (2007). The 
anticipated emissions paths under the two illustra-
tive caps differ from the cap trajectories themselves, 
because of the use of emissions banking (Table 4). A 
comparison of tables 3 and 4 makes clear that that 
it is cost-effective for sources to reduce CO2 emis-
sions well below the cap in the early years, generat-
ing a bank of allowances to be used in later years. 

Relative to forecast business-as-usual CO2 emis-
sions, both implementations of a cap-and-trade 
system would achieve dramatic emissions reduc-
tions (Table 5). Under the less aggressive policy, 
emissions would be 10 percent below BAU in 2015, 
just three years into the program, and would fall to 
38 percent below BAU by 2050. Under the more 
aggressive policy, emissions are predicted to be 18 
percent below BAU in 2015 and fully 75 percent 
in 2050.

Co2 Allowances and Fossil Fuel prices 
Tradable CO2 allowances have value because of 
their scarcity, and it is their market-determined 
price that provides incentives for cost-effective 

emissions reductions and investments that bring 
down abatement costs over time. As the required 
emissions reductions (relative to BAU) increase 
over time under both cap trajectories (Table 5), the 
market prices of the allowances also increase, rising 
from $18 per ton of CO2 in 2015 to $70 per ton in 
2050 for the less aggressive policy, and from $41 per 
ton in 2015 to $161 per ton in 2050 for the more 
aggressive policy (Table 6). Actual current allow-
ance prices for the Kyoto Protocol phase of the EU 
ETS, about $20 per ton of CO2, are consistent with 
these predictions.

Fossil fuel prices are also predicted to change as a 
result of the cap-and-trade system, because of ef-
fects on supply and demand for those fuels in vari-
ous markets. As Table 6 indicates, the net effect of 
both caps on coal and petroleum prices is to depress 
those prices relative to what they would be in the 
absence of climate policy, because of reduced fuel 
demand. (The prices reported in Table 6 include 
the effects of allowance prices on fossil fuel sup-
ply and demand but not the cost of the allowances 
themselves.)

impacts on electric power production
One of the ways in which the cap-and-trade sys-
tem cost-effectively de-carbonizes the economy is 
through its impacts on the production of electricity 
from various sources. Because sources of electricity 
differ greatly in their carbon intensity, the gradu-
ally increasing CO2 allowance prices that character-
ize both cap trajectories lead not only to (relatively 
small) reductions in electricity production, but also 
to dramatic changes in the mix of fuels used to gen-
erate electricity (Table 7). Conventional coal-fired 
generation drops sharply even under the less ag-
gressive policy and disappears completely by 2040 
under the more aggressive policy, replaced mainly 
by generation from new plants using CCS. In the 
short term, electric power generation from natural 
gas increases with the price of CO2, but this source 

51. Tables 3 and 4 report the caps and anticipated emissions, respectively, for CO2 and other greenhouse gases. Although the focus of the pro-
posed cap-and-trade system is initially on CO2, it can be expanded over time as explained above to include some of the other greenhouse 
gases. The EPPA model was applied by Paltsev and others (2007a) to an analysis of a cap-and-trade system that reduced all greenhouse 
gases, not just CO2.
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TAble 4

Greenhouse Gas emissions Under Two illustrative Scenarios
Millions of metric tons of CO2 equivalent 

Greenhouse gas Scenarioa 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

All greenhouse 
gases BAU 7,0�2 7,680 8,202 8,5�6 �,21� �,884 10,711 11,507 12,4�� 1�,28�

Stabilize at 
2008 level 7,0�2 7,680 6,�62 6,8�7 6,715 6,866 7,867 8,217 7,7�� 7,804

Reduce to 
50% of 1��0 
level 7,0�2 7,680 6,��1 6,004 5,454 4,615 5,700 5,288 4,141 �,515

CO2 BAU 5,�84 6,517 6,��5 7,�57 7,�15 8,518 �,28� 10,01� 10,871 11,656

Stabilize at 
2008 level 5,�84 6,517 6,�28 6,287 6,1�2 6,2�0 7,265 7,605 7,126 7,175

Reduce to 
50% of 1��0 
level 5,�84 6,517 5,740 5,44� 4,�14 4,085 5,16� 4,650 �,588 2,�45

CH4 BAU 58� 602 612 617 6�1 64� 652 664 677 68�

Stabilize at 
2008 level 58� 602 �75 �65 �4� ��8 �5� �60 �5� �6�

Reduce to 
50% of 1��0 
level 58� 602 �48 ��1 �14 �07 �05 �10 �1� �28

N2O BAU �85 �88 �81 �72 �66 �65 �72 �81 ��1 407

Stabilize at 
2008 level �85 �88 252 2�7 2�0 228 2�� 241 245 252

Reduce to 
50% of 1��0 
level �85 �88 2�� 222 217 214 218 220 226 2�4

Fluorinated 
gasesb BAU 140 174 214 250 �08 �5� 404 451 4�6 5��

Stabilize at 
2008 level 140 174 8 � 10 11 11 10 10 10

Reduce to 
50% of 1��0 
level 140 174 7 8 � � � � � �

Source: Paltsev and others (2007b, 1, 5, 6). 
a.  See table � for details of the scenarios. 
b.  Sulfur hexafluoride, HFCs, and PFCs.
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TAble 5

reduction in Co2 emissions from business as Usual Under illustrative Scenarios, 2005-50
Units as indicated

Scenarioa and reduction in 
emissions from bAU level 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Stabilize at 2008 level

    Millions of metric tons 0 0 667 1,070 1,78� 2,228 2,018 2,408 �,745 4,481

    Percent of BAU 0 0 10 15 2� 26 22 24 �4 �8

reduce to 50% of 1990 level

    Millions of metric tons 0 0 1,255 1,�14 �,001 4,4�� 4,114 5,�6� 7,28� 8,711

    Percent of BAU 0 0 18 26 �8 52 44 54 67 75

Source: Paltsev and others (2007b, 1, 5, 6).
a.  See table � for details of the scenarios.

TAble 6

predicted prices of Co2 Allowances and of Fossil Fuels Under illustrative Scenarios, 2005-2050
Units as indicated

Scenarioa 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

CO2 allowance price (2005 dollars 
per ton of CO2 equivalent)

   BAU 0 0 0 0 0 0 0 0 0 0

   Stabilize at 2008 level 0 0 18 22 26 �2 �� 47 57 70

   Reduce to 50% of 1��0 level 0 0 41 50 61 74 �0 10� 1�� 161

Fossil fuel prices  
(2005 price = 1.0)b

Petroleum products 

   BAU 1.0 1.2 1.� 1.5 1.7 1.� 2.0 2.1 2.2 2.�

   Stabilize at 2008 level 1.0 1.2 1.� 1.5 1.6 1.7 1.4 1.4 1.5 1.5

   Reduce to 50% of 1��0 level 1.0 1.2 1.� 1.5 1.5 1.6 1.� 1.4 1.� 1.2

Natural gas

   BAU 1.0 1.1 1.� 1.5 1.7 2.0 2.� 2.7 �.1 �.6

   Stabilize at 2008 level 1.0 1.1 1.2 1.5 1.� 2.4 2.5 2.8 2.8 2.8

   Reduce to 50% of 1��0 level 1.0 1.1 1.2 1.4 1.8 2.1 2.1 2.2 2.2 2.0

Coal

   BAU 1.0 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.� 1.�

   Stabilize at 2008 level 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.2

   Reduce to 50% of 1��0 level 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.2

Source: Paltsev and others (2007b, 1, 2, �).
a.  See table � for details of the scenarios. 
b.   Price indexes do not include the cost of allowances but do include the effects of changes in fossil fuel supply and demand induced by impacts of allowance prices on 

downstream users of fossil fuels.
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TAble 7

electricity production Under illustrative Scenarios, 2005-2050
Exajoules

Fuel source and scenarioa 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Coal without CCS

   BAU 7 8 8 � 10 12 1� 15 17 1�

   Stabilize at 2008 level 7 8 7 6 4 � 6 7 4 4

   Reduce to 50% of 1��0 level 7 8 6 4 � 1 0.4 0 0 0

Oil

   BAU 0.� 0.� 0.� 0.2 0.4 0.4 0.4 0.5 0.5 0.6

   Stabilize at 2008 level 0.� 0.� 0.2 0.2 0.1 0.1 0.2 0.� 0.2 0.2

   Reduce to 50% of 1��0 level 0.� 0.� 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0

Natural gas

   BAU 2 � � 4 � � � � 2 2

   Stabilize at 2008 level 2 � � 5 � 10 8 6 4 2

   Reduce to 50% of 1��0 level 2 � � 5 8 � 6 4 � 1

Nuclear

   BAU � � � � � � � � � �

   Stabilize at 2008 level � � � � � � � � � �

   Reduce to 50% of 1��0 level � � � � � � � � � �

Hydroelectric

   BAU 1 1 1 1 1 1 1 1 1 1

   Stabilize at 2008 level 1 1 1 1 1 1 1 1 1 1

   Reduce to 50% of 1��0 level 1 1 1 1 1 1 1 1 1 1

Other renewable fuels

   BAU 0.2 0.2 0.2 0.� 0.� 0.� 0.4 0.5 0.6 0.6

   Stabilize at 2008 level 0.2 0.2 0.� 0.4 0.� 0.5 0.4 0.6 0.6 0.6

   Reduce to 50% of 1��0 level 0.2 0.2 0.1 0.6 0.� 0.5 0.4 0.5 0.6 0.6

Natural gas with CCS

   BAU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Stabilize at 2008 level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Reduce to 50% of 1��0 level 0.0 0.0 0.0 0.2 0.1 0.4 0.8 0.5 0.� 0.2

Coal with CCS

   BAU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Stabilize at 2008 level 0.0 0.0 0.0 0.1 0.1 0.� 1.0 2.0 �.0 1�.0

   Reduce to 50% of 1��0 level 0.0 0.0 0.0 0.2 0.6 2.0 7.0 11.0 15.0 18.0

Total electricity production

   BAU 1� 15 16 17 18 20 21 2� 25 26

   Stabilize at 2008 level 1� 15 15 16 17 18 1� 21 22 25

   Reduce to 50% of 1��0 level 1� 15 14 15 16 17 1� 21 22 24

Source:  Paltsev and others (2007b, 1, 2, �).  
a.  See table � for details of the scenarios.
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eventually declines as CO2 prices rise at the end of 
the period and CCS technology becomes increas-
ingly attractive. For an alternative set of predictions 
of the impacts of various allowance prices (in 2030) 
on electric power production, see Figure 2 52

impacts on the Cost of Using Fossil Fuels
As indicated above, the cap-and-trade system has 
the effect of reducing demand for fossil fuels rela-
tive to BAU and hence reducing fossil fuel prices 
relative to what those prices would be in the ab-
sence of policy. There is an important distinction, 
however, between the price of fuels themselves 
(Table 6) and the cost of using those fuels. Table 8 
reports estimates of the added cost for each of the 
major fuels, including crude oil, gasoline, heating 
oil, wellhead natural gas, residential natural gas, 
and utility coal, at sample allowance prices of $25, 
$50, and $100 per ton of CO2. These added costs 
of allowances to fuel users (which do not include 
the adjustment for the effects of the cap-and-trade 
policies on producer prices from Table 6) are com-
pared with the average price of the respective fuels 
over a recent period.

Not surprisingly, the percentage impacts on costs 
for users of crude oil are greater than for users 
of derived products, such as gasoline and heating 
oil, because the costs of these products include 
capital and labor for refining, in addition to the 
cost of the crude oil itself. Likewise, the percent-
age impact on the cost of wellhead natural gas is 
much greater than that on residential natural gas, 
which includes costs of transportation and distri-
bution. Of course, by far the greatest impacts are 
on users of coal. In the case of gasoline, natural 
gas, and electricity, anticipated price impacts are 
actually relatively modest when compared with 
historical changes in prices since 1990. Also, the 
anticipated price increases take place much more 
gradually than did recent spikes in energy prices 
(Aldy 2007, 15).

impacts on Aggregate Costs to the economy
The cap-and-trade system, like any regulatory ini-
tiative, affects the behavior of both individuals and 
firms, causing reallocation of resources and thereby 
causing output to grow more slowly than it would 
in the absence of the policy. Impacts on GDP are 
measured relative to no policy (BAU), and so the 

52. The alternative set of predictions is based on analysis using the NEMS model (U.S. Energy Information Administration 2007).

FiGUre 2

An Alternative estimate of impacts of Co2 Allowance prices on electricity production

SOURCE: U.S.Energy Information Administration (2006c, 2006e).
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TAble 9

Gdp and Welfare impacts Under illustrative Scenarios
Percent except where stated otherwise

impact and scenarioa 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Change in gDP from BAU

   Stabilize at 2008 level 0 0 -0.22 -0.�8 -0.55 -0.68 -0.�� -0.2� -0.�6 -0.28

   Reduce to 50% of 1��0 level 0 0 -0.51 -0.7� -0.67 -0.56 -1.18 -1.00 -0.61 -0.48

Change in welfare from BAU

   Stabilize at 2008 level 0 0 -0.01 -0.1� -0.�6 -0.45 -0.1� -0.12 -0.24 -0.18

   Reduce to 50% of 1��0 level 0 0 -0.04 -0.�2 -0.6� -1.08 -0.77 -0.�2 -1.28 -1.45

Memoranda:

gDP under BAU  
(billions of 2005 dollars) 11,�81 14,��� 16,�21 1�,77� 22,846 26,45� �0,5�4 �4,�2� ��,5�0 44,210

Source: Paltsev and others (2007b, 1, 2, �).  
a.  See table � for details of the scenarios.  

TAble 8

Added Cost of Fuels at Various Co2 Allowance prices
Units as indicated

Average base 
price (Abp), 2002-
06 (2005 dollars)

Added costb

Allowance price = $25 Allowance price = $50 Allowance price = $100

Fuel dollars % of Abp dollars % of Abp dollars % of Abp

Crude oil 40/bbl 11.� 28 22.6 57 45.2 11�

gasoline 1.82/gal 0.24 1� 0.48 26 0.�6 5�

Heating oil 1.�5/gal 0.27 20 0.54 40 1.08 80

wellhead 
natural gas 5.40/mcfa 1.�8 26 2.76 51 5.52 102

Residential 
natural gas 11.05/mcf 1.�� 1� 2.78 25 5.56 50

Utility coal 26.70/short ton 51.20 1�2 102.4 �84 204.8 767

Sources: Paltsev and others (2007a) and author’s calculations.
a.  mcf, million cubic feet.
b.  Does not include adjustment for the effects of cap-and-trade policies on producer prices; see table 6.



A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

 www.HAMILTONPROJECT.ORg  |   OCTOBER 2007 41

reductions in GDP do not indicate that output 
would be below current levels, but rather that out-
put would be lower than what would otherwise be 
expected.53

Consistent with findings from other studies, the 
analysis indicates significant but affordable impacts 
on GDP: reductions below BAU are generally less 
than 0.5 percent in each year of the program for 
the less aggressive cap trajectory and range up to 1 
percent in each year for the more aggressive policy 
(Table 9).54 These impacts on GDP by 2050 are 
equivalent to average annual GDP growth of 2.895 
percent and 2.891 percent under the two cap tra-
jectories, compared with 2.901 percent in the BAU 
case.55

potential revenue from Co2 Allowance 
Auctions
How much revenue would the auctioning of allow-
ances generate under the proposal? If all allowances 
were auctioned, potential auction revenue under 
the less aggressive program would be $119 billion 
a year in 2015, increasing to $473 billion by 2050; 
it would range from $269 billion in 2015 to $404 
billion in 2050 under the more aggressive policy 
(Table 10). Revenue rises more slowly under the 
more aggressive policy because although allowance 
prices increase over time, the quantity of allowances 
auctioned equals the quantity of capped emissions, 
which decreases over time.

TAble 10

potential revenue from Co2 Allowance Auctions Under illustrative Scenarios
Units as indicated

Scenarioa 2015 2020 2025 2030 2035 2040 2045 2050

Stabilize at 2008 level

    Auction revenue

        Billions of 2005 dollars  2005$ 11� 145 177 216 264 �22 ��0 47�

        Percent of total non-CO2 federal tax revenue 6 6 6 7 7 8 8 �

    Potential tax reduction for family of four (dollars) 1,4�0 1,7�0 2,050 2,410 2,860 �,400 4,020 4,770

Reduce to 50% of 1��0 level

    Auction revenue

        Billions of dollars 26� �01 ��2 �61 �86 404 410 404

        Percent of total non-CO2 federal tax revenue 14 1� 1� 12 11 10 � 8

    Potential tax reduction for family of four (dollars) �,�60 �,610 �,820 4,0�0 4,180 4,260 4,2�0 4,060

Source: Author’s calculations using data in Paltsev and others (2007b, 2, �, 5, 6).
a.  See table � for details of the scenarios.

53. The EPPA model predicts that GDP (in 2005 dollars) will increase from 2005 to 2050 in the BAU case from $12.0 trillion to $44.2 trillion, 
or by 269 percent. The model predicts that GDP will increase over those years under the two cap-and-trade scenarios to $44.1 trillion (268 
percent) and $44.0 trillion (267 percent).

54. Given the monotonic increases in CO2 allowance prices over the entire time period, continuous increases in GDP impacts might be ex-
pected, but the costs are driven both by the direct cost of abatement and by price impacts resulting from climate policies in other countries. 
Thus, emissions paths and costs are driven partly by assumptions in the EPPA model regarding policies in other countries, in particular 
the increased stringency of policies in developing countries in 2035.

55. A more comprehensive measure of aggregate cost is the change in welfare (equivalent variation), which includes not only changes in mar-
ket consumption but also endogenous changes in the labor market. The estimated impacts of the two policies remain costly but affordable, 
but in this case the difference between the cost implications of the two cap trajectories is somewhat greater: the less ambitious policy causes 
annual welfare losses of less than 0.5 percent by 2050, and the more ambitious policy causes losses of up to 1.5 percent (Table 9).
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To place these numbers in context, Table 10 also re-
ports the potential tax reduction per family of four 
if all auction revenue were used to reduce other 
taxes.56 Under the less aggressive policy, taxes are 
potentially reduced by $1,490 per family in 2015, 
rising to $4,770 in 2050. Under the more aggres-
sive policy, the potential tax reduction increases 
from $3,360 in 2015 to $4,260 in 2040 and then 
decreases to $4,060 in 2050. The reason for the rise 
and fall is that, again, although the CO2 emissions 
price increases consistently throughout the period, 
the number of allowances to be auctioned decreases 
as emissions are brought down.

By its construction, the EPPA model as employed 
in Paltsev and others (2007a, 2007b) cannot be 
used to examine quantitatively the cost savings 
associated with using auction revenue to cut dis-
tortionary taxes, but a related study found—in 
the case of the more aggressive cap-and-trade 
policy—that welfare costs would be reduced by 
24 percent if all auction revenue were used to 
lower taxes on capital, and by 9 percent if auction 
revenue were used to cut taxes on labor (Gurgel 
et al. 2007).57

empirical benefit estimates

Given the global commons nature of climate 
change, a strict accounting of the direct benefits 
of either policy to the United States will produce 
results that are small relative to costs. Clearly, the 
benefits of the program can only be considered in 
the context of a global system. In the short term the 
cap-and-trade system, like any meaningful domes-
tic climate policy, may best be viewed as a step to-
ward establishing U.S. credibility for negotiations 
on post-Kyoto international climate agreements.

To place the cost estimates in context, it is possible 
to ask how the estimated CO2 allowance prices com-

pare with estimates of marginal benefits for what 
some analysts have indicated would be efficient 
policies. For example, one recent estimate suggests 
an optimal (efficient) allowance price (or tax) of ap-
proximately $10 per ton of CO2 in 2015, rising to 
about $23 per ton in 2050 (Nordhaus 2007). This 
price path lies well below even that associated with 
the less aggressive of the two illustrative cap trajec-
tories considered above.

More broadly, over one hundred estimates of the 
marginal damages of CO2 emissions from twenty-
eight published studies were analyzed, with the 
result that the median marginal benefit (marginal 
damage avoided) estimate was approximately $4 per 
ton of CO2, the mean was about $25 per ton, and 
the 95th percentile of the highly right-skewed dis-
tribution was approximately $95 per ton (Tol 2005). 
These numbers illustrate the difficulty of relying on 
estimates of expected benefits, because small risks 
of catastrophic damages may be central to the prob-
lem (Weitzman 2007).

distributional impacts

Although the aggregate impacts on economic out-
put and welfare are relatively small, the impacts on 
particular sectors or groups of people can be quite 
large. Regardless of how allowances are distributed, 
most of the cost of the program will be borne by 
consumers, who will face higher prices of products, 
including electricity and gasoline, for as long as the 
program is in place. Also, workers and investors in 
the energy sectors and energy-intensive industries 
will experience losses in the form of lower wages, 
job losses, and reduced stock values. Such impacts 
are temporary, and workers or investors who en-
ter an industry after the policy takes effect typically 
do not experience such losses (Dinan 2007). The 
gradual phasing in of the policy provides more time 
for firms and people to adapt.

56. In keeping with Paltsev (2007a), these calculations divide annual auction revenue by the anticipated number of households nationwide, 
which is simply anticipated population divided by four.

57. The cost reductions would be greater in the less aggressive scenario, because emissions are greater and hence there are more allowances 
to be auctioned.
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The cost impacts can be regressive, because lower-
income households typically spend a larger share of 
their income on energy products than do wealthier 
households. As explained below, however, the dis-
tributional impacts of the policy will depend greatly 
on the specifics of policy design, including how al-
lowances are allocated and how auction revenue is 
used.

effects on industry
A cap will have broad economic effects because it 
raises the cost of fossil fuel use and electric power 
generation. But certain sectors and firms will be 
particularly affected, including fossil fuel produc-
ers, the electric power sector, and energy-intensive 
industries. 

Variation in a cap’s economic impacts on different 
fossil fuel producers illustrates that impacts on a 
particular sector do not depend on the sector’s car-
bon intensity alone, and that some impacts can be 
counterintuitive. Coal production will be the most 
affected because coal is the most carbon-intensive 
fuel, and opportunities exist for electric power gen-
erators and some industrial consumers to switch to 
less carbon-intensive fuels. Petroleum sector output 
will be much less affected, partly because demand 
for gasoline and other petroleum products is fairly 
insensitive to increased prices, at least in the short 
term. Finally, even though natural gas accounts for 
about 20 percent of U.S. fuel-related CO2 emis-
sions, it is uncertain whether a cap would increase 
or reduce the output and profitability of natural gas 
producers (U.S. Energy Information Administra-
tion 2003, 2006c).58

Assessments of impacts on the natural gas industry 
are complicated by changing conditions in natu-

ral gas markets. The increased cost of natural gas 
use under a cap-and-trade system tends to reduce 
the quantity of natural gas demanded, but demand 
may increase because natural gas is the least car-
bon-intensive fossil fuel, leading users to switch 
to it. However, as the price of natural gas has in-
creased considerably in recent years, so, too, has 
the cost of achieving emissions reductions through 
fuel switching. The cost of natural gas for electric 
power generation was little more than twice that of 
an equivalent amount of coal (on an energy content 
basis) in 1999 but rose to more than five times the 
cost of coal in 2005 (U.S. Energy Information Ad-
ministration 2007).

Of course, the impacts on coal producers and other 
industries depend on the stringency of the emis-
sions cap—the more stringent the cap, the higher 
the market price of allowances, and the greater the 
impact on affected industries. Rather than creating 
abrupt and significant impacts, policies that gradu-
ally increase a cap’s stringency may only slow the 
expansion of even the most affected industries, less-
ening transition costs as workers, communities, and 
regions adjust.59

Among firms that consume fossil fuels and elec-
tricity, energy- and emissions-intensive industries 
will likely suffer the severest impacts (Bovenberg 
and Goulder 2003; Smith, Ross, and Montgomery 
2002; U.S. Energy Information Administration 
2003; Jorgensen et al. 2000). Some of the hardest-
hit industries will be petroleum refiners and manu-
facturers of chemicals, primary metals, and paper.60 
Among industries experiencing similar increases in 
costs, the impacts will be greatest in those glob-
ally competitive industries that are least able to 
pass through higher costs. Also, some of the most 

58. There will likely be positive distributional impacts on non-fossil fuel producers of energy, including nuclear and renewable electric power 
generators.

59. For example, an analysis of the National Commission on Energy Policy’s (2004) proposed cap estimated that coal production would con-
tinue to grow through at least 2025, although at a slower rate than it would without a climate policy (U.S. Energy Information Administra-
tion 2005).

60. These industries accounted for two-thirds of manufacturing sector CO2 emissions in 2002, but only 13 percent of manufacturing employ-
ment and 25 percent of the value of manufacturing shipments. Unlike other industries listed here, refiners experience both increased pro-
duction costs for their production-related emissions and reduced demand as consumers seek to limit emissions from the use of petroleum 
products (U.S. Energy Information Administration 2006d; U.S. Bureau of the Census 2005).
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economically affected industries may be relatively 
small, even with respect to their contribution to ag-
gregate CO2 emissions.61 Finally, average industry-
level impacts may obscure significant variation in 
firm-level impacts within an industry. The electric 
power sector is an important example.

effects on the electric power Sector
Regional variation in the impact on electric power 
generators will be greater than in many other sec-
tors because of regional differences in the fuels 
used, physical limits on interregional electricity 
trading, and state regulation of electricity markets. 
Increases in the cost of power generation will de-
pend on the carbon intensity of a region’s power 
output, which varies widely across the country. 
For example, Washington State, which has abun-
dant hydroelectric power, emitted only 0.15 ton 
of CO2 per megawatt-hour in 2005, while Indiana, 
which largely depends on coal-fired generation, 
emitted 0.94 ton per megawatt-hour (U.S. Energy 
Information Administration 2006a).

The ultimate impact of these costs on consum-
ers and generators depends in large part on state 
regulation of electricity markets. The mechanism 
by which generating costs are passed through to 
consumer rates differs fundamentally between 
states under traditional cost-of-service regulation 
and those with restructured electricity markets.62 
Under cost-of-service regulation, rates reflect the 
average cost of all power generation necessary to 
meet demand. Therefore the cost of a cap will be 
passed through to consumers (net of the cost of 
allowance purchases or sales) in the form of rate 
increases that reflect increases in average generat-
ing costs. As a result, consumers effectively bear 
all of the costs that a cap initially imposes on 
generators, whereas the generators, for the most 
part, fully recover their compliance costs through 

higher rates. (They do experience some other im-
pacts, such as reduced electricity sales.) Two-thirds 
of U.S. electric power generation and more than 
three-quarters of coal-fired generation are located 
in states with cost-of-service regulation.63 

In restructured markets, in contrast, rates are based 
on wholesale electricity prices, which under typi-
cal conditions are determined by the incremental 
cost of the most expensive power generated to 
meet demand. In these markets, therefore, rate 
increases from a cap will depend on the cap’s effect 
on the marginal cost of generation, not on total 
costs, and regardless of how allowances have been 
allocated. This marginal cost of electric power 
typically varies less across the country than does 
average cost. As a result, there will likely be less 
regional variation in rate impacts across restruc-
tured markets than across markets still under cost-
of-service regulation. 

Whereas generators subject to cost-of-service reg-
ulation will generally fully recover their increased 
costs under any climate policy, a cap-and-trade sys-
tem’s effect on their profitability in restructured re-
gions depends on several factors, including how an 
individual generator’s costs change relative to the 
cap’s effect on wholesale electricity prices, the result-
ing effects on plant utilization, and the mechanism 
used for allowance allocation. For some generators 
that have no allowance costs, such as nonemitting 
renewable plants and nuclear plants, electricity price 
increases from the cap will lead to increased prof-
itability. For others, such as coal-fired generators, 
price increases will not sufficiently offset increases 
in costs, leading to reduced profitability. However, 
even among the most adversely affected coal-fired 
generators, some of the cap’s costs will be offset by 
increased electricity prices.

61. For example, lime manufacturing accounts for less than 1 percent of fuel-related manufacturing emissions, but it may incur one of the 
greatest percentage increases in costs (Morgenstern et al. 2002; U.S. Energy Information Administration 2002).

62. This description of regulated and restructured markets simplifies many of the institutional differences that will affect the pass-through of 
allowance costs.

63. Coal accounted for 61 percent of total power generation in cost-of-service regions in 2004, but for only 35 percent of generation in re-
structured markets.
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effects on household expenditure and 
income
Although attention often focuses on a cap’s impacts 
on particular industries, the ultimate burden will 
be borne by households, primarily in the form of 
increased expenditure on energy and other goods 
and services, but also through changes in labor 
income (including job losses) and investment in-
come that arise indirectly from impacts on firms. 
Low-income households tend to spend a larger 
share of their income on energy-intensive (includ-
ing carbon-intensive) goods and services than do 
high-income households. As a result, higher fuel 
prices will likely have a regressive effect: expen-
diture will increase by a greater percentage of 
household income for low-income than for high-
income households. However, this effect may not 
be very large (Dinan 2007) and may be counter-
balanced by the fact that the adverse impacts on 
investment returns will fall most heavily on high-
income households.

effects on Government
Federal and state governments will also bear a 
significant share of the costs imposed by an emis-
sions cap. By increasing energy and goods prices, 
a cap directly increases the level of government 
expenditure necessary to provide government ser-
vices. These increased prices also indirectly lead to 
higher government spending on programs such as 
Social Security, whose outlays are adjusted for in-
flation. In addition, by reducing economic activity 
and thereby the tax base, a cap reduces government 
tax receipts. The federal government may choose 
to retain a share of auction revenue to offset any 
increased deficits (Smith, Ross, and Montgomery 
2002; Dinan 2007). On the other hand, the govern-
ment will receive increased corporate tax revenue 
from those firms that manage to raise their profits 
under the cap-and-trade system.

regional Variation in impacts
Many of the effects of a CO2 emissions cap, includ-
ing impacts on the cost of using fossil fuels, will 
be similar nationwide. However, these impacts will 
vary significantly across regions because of differ-

ences in electricity rate impacts, in the intensity of 
energy use, and other factors. For example, one 
study found that an economy-wide cap imposing 
an allowance price of $10 per ton of CO2 would 
increase average annual household energy expendi-
ture by a range of about $100 to $240 across differ-
ent counties (Pizer et al. 2006). Because electricity 
accounts for a significant share of household energy 
use, regional differences in rate impacts are a key 
driver of this variation. 

A cap’s impact on economic activity and employ-
ment may vary more dramatically across regions 
than its impact on household energy expenditure, 
for several reasons. First, regional economies vary 
greatly in their reliance on the industrial sectors 
most likely to be adversely affected by a cap. Sec-
ond, the factors affecting the impacts on a particular 
industry are quite varied, including the industry’s 
energy intensity, the carbon intensity of the fuels 
used, electricity rate impacts, and the industry’s 
ability to pass on increased costs to consumers. The 
carbon intensity of commercial and industrial out-
put provides a proxy for some, but not all, of these 
factors. The carbon intensity of output in some 
states can be over fifteen times that in other states 
(Abt 2005).

illustrative numerical distribution of Costs
The EPPA analysis used here to estimate the costs 
of the proposed cap-and-trade system (Paltsev et 
al. 2007a) does not yield numerical estimates of 
the distribution of costs under the two policies. 
Instead, for illustrative purposes, Table 11 reports 
the approximate distribution of costs of another 
cap-and-trade proposal, the first of two from the 
National Commission on Energy Policy (2007a). 
The distribution is based on an analysis using the 
U.S. Energy Information Administration’s NEMS 
model and, importantly, does not account for any 
cost-offsetting effects of the allowance allocation. 
That is, the potential effects of free distribution 
of allowances and the use of any auction revenue 
are not included. As discussed below, allocation 
arrangements can be designed to offset the costs 
to particular sectors.
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Recalling that the distribution of the program’s cost 
burden is largely independent of the point of regu-
lation, Table 11 illustrates several general points. 
First, the cost burden to fossil fuel producers as a 
group represents a relatively small share of the total 
burden—less than 4 percent in this example—be-
cause most of the costs are passed forward. For the 
same reason, fossil fuel-fired electric power gen-
erators bear a relatively small share of the burden, 
about 7 percent in this case. Business and industry 
bear about 29 percent of the total cost burden for 
their primary energy use and another 26 percent 
for their electricity use, so that the total increase 
in business and industry expenditure amounts to 
about 55 percent of the total cost burden. The re-
maining roughly 35 percent of costs are borne by 
households in increased expenditure for primary 
energy (22 percent of the total) and electricity (13 
percent). In truth, the final household share of the 

cost burden is likely to exceed this, because many 
businesses will pass some of their costs forward to 
consumers in the form of higher prices for goods 
and services (National Commission on Energy 
Policy 2007a).64

distributional impacts of the Allowance 
Allocation
The half of allowances that are auctioned initial-
ly under the proposed program would generate 
revenue that could be used for public purpos-
es, including compensation for program impacts 
on low-income consumers, public spending for 
related research and development, reduction of 
the federal deficit, and reduction of distortionary 
taxes. The share of allowances that are distributed 
for free should decline over time, falling to zero 
twenty-five years into the program. Over time the 
private sector, including industries with long-lived 

TAble 11

illustrative distribution of private Costs of a Cap-and-Trade Systema

Percent

item Share of total

Cost to fossil fuel producers (coal, oil, natural gas) �.6

Increase in business and industry expenditure 54.7

Of which:

For primary energy 28.8

For electricity 25.�

Cost to fossil fuel-fired electric power generators 6.�

Increase in household expenditure �4.7

Of which:

For primary energy 21.5

For electricity 1�.1

Total 100.0

Source: National Commission on Energy Policy (2007a)
a.   Results are adopted from the first proposal from the National Commission on Energy Policy (2007a) and refer to the theoretical distribution of net private costs if all 

allowances are auctioned and none of the revenue is recycled. In other words, the potential offsetting effects of free distribution of allowances or of using revenue 
to cut taxes or otherwise return revenue to businesses or individuals are not included. Percentages may not sum to totals because of rounding.

64. Another perspective on the distribution of costs was provided by Goulder (2002) for a program that would cut emissions by 23 percent. 
He found that this would lower stock values by 54 percent in the coal sector, 20 percent in the oil and gas sector, and 4 percent for electric 
and gas utilities. These losses, however, would be widely dispersed among investors.
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capital assets, would adjust to the program’s re-
strictions, reducing the justification for free dis-
tribution.

The aggregate value of allowances would far ex-
ceed the total cost burden to the economy: it 
would be two to three times greater than the total 
cost in most years under either of the cap trajec-
tories (Table 12). Therefore even a partial free 
distribution of allowances provides an opportunity 
to address the distributional cost burdens of the 
policy by compensating the most burdened sectors 
and individuals.

With some important exceptions, in competitive 
markets the benefits of free distribution of allow-
ances will generally accrue only to their recipients. 
Although free allocation will increase the recipi-
ents’ profitability or wealth, it generally will not 
benefit the consumers, suppliers, or employees of 

those recipients. Hence, although the cost burden 
can be expected to ripple through the economy, as 
explained above, the benefits of free distribution 
of allowances will not. This is why, in competitive 
markets (including deregulated electricity markets), 
free distribution of allowances should be directly 
targeted at those industries, consumers, and other 
entities that are particularly burdened. As the num-
bers in Table 12 indicate, only a share of allowances 
need to be distributed for free to meet compensa-
tion objectives.

On the other hand, in cost-of-service-regulated 
markets, utilities pass allowance costs on to consum-
ers in the form of higher rates, so that consumers 
are likely to be the ultimate beneficiaries from free 
allowances.65 Thus free allocations to these utilities 
will reduce the rate impact on consumers by reduc-
ing the net cost of the policy for the utilities.

TAble 12

revenue from Co2 Allowances and Aggregate Costs Under illustrative Scenarios
Billions of 2005 dollars 

Scenarioa 2015 2020 2025 2030 2035 2040 2045 2050

Stabilize at 2008 level

    Potential auction revenue 11� 145 177 216 264 �22 ��0 47�

   Total economic cost �7 75 126 180 101 101 142 124

Reduce to 50% of 1��0 level

    Potential auction revenue 26� �01 ��2 �61 �86 404 410 404

   Total economic cost 86 156 15� 148 �60 �4� 241 212

Source: Author’s calculations using data in tables � and 10. 
a.  See table � for details of the scenarios.

65. In the case of the SO2 allowance trading program, Lile and Burtraw (1998) found that state utility commissions required utilities to 
pass through to consumers nearly all the cost savings from the use of freely allocated allowances (including any revenue from allowance 
sales).
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The alternatives to the cap-and-trade approach 
most frequently considered by policymakers 
fall within the general category of standards-

based policies (also often called conventional regula-
tory approaches, or command-and-control regula-
tion because they dictate the adoption of particular 
measures or set source-specific emissions limits). In 
addition, among economists and other policy ana-
lysts, there has been considerable discussion of the 
use of carbon taxes. This section compares these 
two approaches with the cap-and-trade approach.

Standards-based policies

Technology or performance standards are often 
proposed as a means of achieving emissions reduc-
tions. Examples include efficiency standards for 
appliances, vehicle fuel-economy standards, best 
available control technology standards, and renew-
able portfolio standards for electric power genera-
tors. Standards could serve as either substitutes for 
or complements to a cap-and-trade system. For 
example, instead of including vehicle emissions un-
der a cap, as proposed here, emissions reductions 
from those sources could be achieved through more 
stringent corporate average fuel economy (CAFE) 
standards. Alternatively, CAFE standards could be 
increased within the context of an economy-wide 
cap (see, for example, National Commission on En-
ergy Policy 2004). This section compares standards 
with cap-and-trade with regard to environmental 
effectiveness, cost-effectiveness, and distributional 
equity.

environmental effectiveness 
Because of practical limitations, most standards to 
address CO2 emissions would target energy use or 
emissions rates from new capital equipment only, 

such as appliances, cars, or electric power plants. 
Retrofitting equipment to increase efficiency or re-
duce CO2 emissions is usually impractical. The fact 
that standards would not affect existing equipment 
limits the opportunity for near-term emissions re-
ductions. It also makes the level and timing of those 
reductions dependent on the rate of capital stock 
turnover and therefore difficult to predict.

Moreover, by increasing the cost of new capital stock 
but not the cost of using the existing capital stock, 
standards on new sources have the perverse effect 
of creating incentives to delay replacement of exist-
ing stock, which can significantly delay the achieve-
ment of emissions reductions (Stavins 2006). The 
New Source Review regulations are a prominent 
example of this effect.66 In addition, the tendency 
with standards (and taxes) for legislators to grant 
exemptions to address distributional issues weak-
ens their environmental effectiveness (and drives up 
costs), whereas distributional battles over the allow-
ance allocation in a cap-and-trade system neither 
raise the overall cost of the program nor affect its 
climate impacts. More broadly, if standards are ap-
plied for selective purposes but under the umbrella 
of an economy-wide CO2 cap-and-trade system, 
the standards will offer no additional CO2 benefits 
as long as the cap-and-trade system is binding.

Cost-effectiveness 
Compared with a well-designed cap-and-trade 
system, standards-based approaches are less cost-
effective.67 How much less cost-effective they are 
depends on several factors. First, because of admin-
istrative limitations a standards-based approach can 
cover fewer sources than an upstream, broad-based 
cap-and-trade system. For example, standards can-
not practically target all types of energy-consuming 

iV.  Comparison of the Cap-and-Trade proposal with 
Alternative proposals

66. The incentives for delay would be lessened if standards were implemented along with a cap-and-trade system, which raises the cost of 
operating existing, more emissions-intensive equipment (Stavins 2006).

67. In theory, standards are potentially more cost-effective when the measurement and monitoring of actual emissions or fuel use is particu-
larly costly compared with the measurement and monitoring that standards could require.
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industrial equipment. As with a cap with a limited 
scope of coverage, this constraint on the scope of 
sources that standards can cover increases the cost 
of achieving emissions reductions.

Second, standards may fail to target all the determi-
nants of emissions even from the covered sources. 
Consequently, they may miss many types of po-
tentially cost-effective emissions reductions from 
a given source. For example, technology standards 
do not influence the rate at which less efficient capi-
tal stock is replaced or the intensities with which old 
and new capital stocks are used. In fact, by lowering 
operating costs, standards that increase the energy 
efficiency of equipment can create incentives for 
more intensive use than would occur without the 
standards. However, this rebound effect leads to an 
increase in emissions that partly offsets the reduc-
tions achieved by standards.

Third, standards often impose uniform require-
ments on all entities using a given type of equip-
ment or operating a given type of facility, even 
though these entities may face very different costs 
of reducing emissions (Newell and Stavins 2003). 
Important sources of this variation include varia-
tion in how intensively different firms or house-
holds use the regulated equipment, and variations 
in the carbon intensity of energy consumed. For 
example, air conditioner efficiency standards im-
pose uniform requirements nationwide despite 
significant differences in air conditioner use—and 
hence differences in the value of increased efficien-
cy—between hot and cool climates. Furthermore, 
these standards have the same effect on electricity 
use regardless of whether the avoided power gen-
eration is carbon-intensive (such as that from coal 
plants in the Midwest) or not (such as that from 
hydroelectric facilities in the Northwest). Although 
policymakers could in principle lower the overall 

cost of standards by targeting them to reflect the 
myriad different circumstances of affected sources, 
such efforts are administratively infeasible.68

Compared with market-based policies, standards 
yield weaker incentives for the development of new 
emissions reduction technologies. For example, 
unlike market-based policies, standards for energy 
consumption by air conditioners would not pro-
vide clear or certain rewards for the development 
of air conditioners that are more efficient than the 
standards require. This difference in incentives is 
particularly acute for more advanced technologies 
that are still in the innovation phase and have not 
yet been sufficiently deployed to have any associ-
ated standards.

As new technologies emerge and increasingly 
stringent emissions targets must be met, pursuit 
of a standards-based approach would require con-
tinual adjustments to the standards, at a significant 
administrative cost, to ensure that responsibilities 
for emissions reduction continue to be distributed 
across regulated sources in a reasonably cost-effec-
tive manner. By contrast, under a cap-and-trade 
system, only the emissions cap need be changed 
over time. Firms and households will respond to 
emerging technologies and increasing carbon price 
signals by adopting those technologies, measures, 
and efficiency improvements that offer the least 
costly emissions reductions.

Standards have also been proposed as complements 
to market-based policies. But would this have any 
effect on total emissions reduction costs? On the 
one hand, standards may needlessly restrict the 
flexibility that allows market-based policies to min-
imize the cost of achieving emissions targets. For 
example, air conditioner standards would require 
consumers to purchase more expensive, efficient 

68. Some of the cost disadvantages associated with standards can be reduced through careful design, including providing firms with greater 
compliance flexibility. For example, CAFE standards allow manufacturers to meet fuel efficiency requirements on average across the ve-
hicles they produce. Even so, a Congressional Budget Office study found that the cost of CAFE standards could be reduced by 16 percent 
if manufacturers were offered more flexibility to meet those standards, in the form of tradable credits (U.S. Congressional Budget Office 
2003). In addition, many state renewable portfolio standards allow utilities the flexibility to meet standards for minimum shares of renew-
able generation by purchasing credits from renewable electricity producers.
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equipment, whether or not they use the equipment 
enough to justify the increased cost. In contrast, 
a market-based policy would allow consumers to 
purchase equipment that strikes the best balance 
between long-run efficiency and up-front costs. As 
indicated above, if standards are applied under the 
umbrella of an economy-wide CO2 cap-and-trade 
system, they offer no additional benefit as long as 
the cap-and-trade system is binding. But, depend-
ing upon the nature of the standard and its asso-
ciated costs, its application can drive up aggregate 
costs.69

On the other hand, as also indicated above, a cap-
and-trade (or carbon tax) policy may fail to address 
some market failures affecting the development 
and adoption of less emissions-intensive technolo-
gies. Consumers may lack sufficient information to 
properly evaluate energy-efficiency investment al-
ternatives; for example, they may lack information 
about the full life-cycle costs of alternative prod-
uct models.70 Simply increasing the cost of emit-
ting greenhouse gases will not address the sources 
of this market failure. Standards can mandate de-
sirable investments that would not otherwise be 
undertaken because of this market failure, but the 
resulting gains may be less than the costs of the 
standard, such as the costs of imposing a uniform 
requirement even though some individuals will not 
benefit from it. Other policies may better address 
market failures that inhibit the development and 
deployment of new technologies, without intro-
ducing the additional costs that can make standards 
undesirable. Examples include programs that pro-
mote research and development or the provision of 
information.

distributional impacts of Standards
The distributional consequences of standards de-
pend on the specific standards being implemented 

and the characteristics of the markets they affect. 
However, a key difference exists between the distri-
butional effects of standards and those of a cap-and-
trade system: standards only impose costs associ-
ated with the emissions reductions and investments 
required by the standards, whereas market-based 
policies also impose costs associated with the re-
maining emissions.71 Although standards do not 
impose allowance (or tax) costs, the differences 
in distributional outcomes between standards and 
market-based policies can be complex. Any com-
parison must also consider the higher social cost of 
the standards-based approach and the fact that, un-
like standards, market-based policies offer oppor-
tunities to mitigate distributional impacts through 
the initial allocation decisions or the redistribution 
of tax or auction revenue.

Carbon Taxes

A carbon tax is a market-based alternative to a cap-
and-trade system. Both policies create a carbon 
price signal by placing a price on CO2 emissions. 
However, they differ fundamentally in the way that 
signal is determined. A carbon tax fixes the price 
of CO2 emissions and allows the quantity to adjust 
in response to the tax. In contrast, a cap-and-trade 
system fixes the quantity of emissions and allows 
their price to adjust to ensure that the emissions 
cap is met.

environmental effectiveness, Cost-
effectiveness, and distributional impacts 
Unlike a cap-and-trade system, a carbon tax does 
not guarantee achievement of a given emissions 
target. Individual sources reduce emissions up to 
the point where it costs less to pay the tax than to 
reduce emissions further. Given uncertainty re-
garding emissions reduction costs, that point may 
lie above or below the policy target. However, be-

69. For an examination of how to merge CAFE standards cost-effectively with a cap-and-trade system by allowing trading between the two 
programs, see Ellerman, Jacoby, and Zimmerman (2006).

70. For a more complete discussion of the types of market failure that may make additional complementary policies desirable, see Jaffe and 
others (2005).

71. The costs associated with remaining emissions do not represent true social costs. Rather, they are transfers from those who must pay a tax 
or purchase allowances from firms that received the allowances for free.
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cause a tax limits the costs that firms will incur to 
achieve further reductions, it provides greater cer-
tainty regarding the marginal costs of the policy. 
By contrast, a cap-and-trade system that establishes 
rigid annual caps offers less certainty about policy 
costs precisely because it provides greater certainty 
about emissions.

Like a cap-and-trade system, a tax can achieve 
emissions reductions in a cost-effective manner. If 
a credible commitment is made to keep it in place, 
a tax, again like a cap-and-trade system, also lowers 
the long-run cost of achieving emissions reductions 
by providing incentives for investment in the devel-
opment and deployment of new technologies. 

Either an economy-wide cap-and-trade system 
or an upstream, economy-wide carbon tax would 
be more cost-effective than a tax with a narrower 
scope of coverage. Such a tax would achieve fewer 
emissions reductions, requiring a higher tax rate to 
achieve a given level of reductions. Similarly, either 
a cap or a tax can be imposed either upstream on 
fuel suppliers or downstream on emissions sources. 
The administrative costs of an economy-wide tax 
would be minimized if it were imposed upstream, 
as a tax on the carbon content of fossil fuels. That 
cost would be increased if the tax were set on some 
other basis, such as the energy content or value of 
fuel. Such taxes would create inefficient and uneven 
incentives for emissions reductions.72

The distributional consequences of a carbon tax 
would be similar to those of a cap-and-trade sys-
tem in which all allowances are auctioned. Both 
approaches put policymakers in the position of 
having to decide how to use the resulting revenue. 
Moreover, before any use or redistribution of that 
revenue, the impacts of a tax on affected firms and 
households are the same as those of a cap-and-trade 
system with an auction in which the resulting al-
lowance price is identical to the tax. However, a 
carbon tax and a cap-and-trade system differ in the 

options they present to mitigate economic impacts. 
Although a tax creates no allowances to be distrib-
uted for free to compensate those affected, policy-
makers can mitigate a tax’s burden by redistributing 
the tax revenue or by granting fixed tax exemptions 
(Goulder 2000; Nordhaus and Danish 2003).

Fixed exemptions reduce a firm’s overall tax burden 
by taxing emissions only when they exceed the ex-
emption. Unless the exemptions are tradable, how-
ever, their use may erode the cost-effectiveness of 
the tax if a firm’s exemption exceeds its actual emis-
sions. Then the firm has no incentive to undertake 
emissions reductions, no matter how cost-effective. 
In contrast, because a firm under a cap-and-trade 
system can sell any excess allowances, it always has 
an incentive to reduce emissions, no matter how 
many allowances it initially received.

Like free allocations of allowances to a firm, ex-
emptions for a taxed firm do not benefit that firm’s 
workers, customers, or suppliers, who indirectly 
experience a portion of the tax’s burden. Thus ad-
ditional measures are needed to compensate those 
not directly subject to the carbon tax. Although 
tradable tax exemptions and redistribution of tax 
revenue theoretically provide flexibility to achieve 
the same distributional outcomes as under a cap-
and-trade approach, political and practical consid-
erations may limit what can be done in practice.

Apparent Advantages of a Carbon Tax 
An upstream carbon tax, like an upstream cap-
and-trade system, could include credits to provide 
incentives for downstream CCS at electric power 
generators. Such a tax would appear to have some 
advantages over an equivalent upstream cap-and-
trade system. 

First is the simplicity of the carbon tax system: firms 
would not need to manage and trade allowances, 
and the government would not need to track allow-
ance transactions and ownership. Experience with 

72. Compared with a carbon tax, it would cost 20 to 40 percent more to achieve a particular emissions target through a tax on energy content 
(for example, a BTU tax), and two to three times more through an ad valorem tax (Stavins 1997).
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previous cap-and-trade systems, however, indicates 
that the costs of trading institutions are not great. 
Whether a meaningful national carbon tax would 
turn out to be simple in its implementation, how-
ever, is an open question. Second, the tax approach 
avoids the political difficulties related to allocating 
allowances among economic sectors, but it would 
create pressure for tax exemptions.

Third, a carbon tax would raise revenue that can 
be returned to individuals or be used to lower dis-
tortionary taxes, finance climate-related programs, 
fund other government programs, reduce the defi-
cit, or provide assistance to sectors burdened by the 
policy. Of course, an auction mechanism under a 
cap-and-trade system can do the same. Particular 
attention has been given to the use of tax revenue 
to reduce distortionary taxes and thus the aggregate 
net costs of the policy. Given that a CO2 tax of $10 a 
ton would raise about $50 billion a year—equivalent 
to more than 7 percent of federal personal income 
tax revenue—this is an attractive possibility. How-
ever, the revenue might be spent on the “wrong” tax 
cuts or on other government programs whose costs 
exceed their benefits, increasing the social costs of 
the climate policy relative to free distribution of al-
lowances under a cap-and-trade system.

Fourth, a tax approach eliminates the potential price 
volatility of a cap-and-trade system. Some emissions 
trading markets have exhibited significant volatility 
in their early years. In the case of the U.S. NOX Bud-
get program, prices increased sharply in the pres-
ence of uncertainty about whether Maryland, a net 
supplier, would enter the program on time. Other 
examples are the RECLAIM program in southern 
California, where price spikes were linked to flawed 
design and problems with electricity deregulation, 
and the EU ETS, which experienced a dramatic 
price crash when data revealed that allocations had 
exceeded the BAU level. In principle, such volatility 
could deter investments in carbon-reducing capi-
tal and in research and development with high up-
front costs and uncertain longer-term payoff. From 
an economic perspective, it makes sense to allow 
emissions to vary from year to year with economic 

conditions that affect aggregate abatement costs; 
this happens automatically with a carbon tax. With 
a cap-and-trade system, this temporal flexibility 
needs to be built in through provisions for banking 
and borrowing, as proposed above.

Apparent disadvantages of a Carbon Tax 
First among the disadvantages of a carbon tax, rela-
tive to a cap-and-trade regime, is the stiff resistance 
to new taxes in the current political climate. How-
ever, no policy proposal should be ruled out on this 
basis, and it is conceivable that carbon taxes may be 
more politically feasible in future years with chang-
es in political leadership and public opinion. In the 
meantime a distinct advantage of a cap-and-trade 
system is the greater familiarity and comfort with 
it among key stakeholders. Put differently, whereas 
a tax approach focuses political attention on prices, 
revenue, and costs, cap-and-trade discussions tend 
to keep the focus on the environment.

Second, in their simplest forms (a carbon tax with-
out revenue recycling, and a cap-and-trade system 
without auctions), a carbon tax is more costly than 
a cap-and-trade system to the regulated sector, be-
cause firms subject to a tax incur both abatement 
costs and the cost of tax payments. Under the sim-
plest cap-and-trade system, the regulated sector 
experiences only abatement costs, since the trans-
fers associated with purchase and sale of allowances 
remain within the private sector. This straightfor-
ward difference between the two approaches can be 
diminished or even eliminated, however, if either 
tax revenue recycling or allowance auctioning is 
adopted.

Third, cap-and-trade approaches leave the dis-
tributional issues up to politicians and provide a 
straightforward means to compensate burdened 
sectors and address so-called competitiveness con-
cerns. Of course, the compensation associated with 
free distribution of allowances based on historical 
activity can be mimicked under a tax regime, but 
it is legislatively more complex. The cap-and-trade 
approach avoids likely battles over tax exemptions 
among vulnerable industries and sectors that would 
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drive up the program’s costs, as more and more 
sources are exempted from the program at the ex-
pense of environmental effectiveness. Instead a cap-
and-trade system leads to battles over the allowance 
allocation, but these neither raise overall cost nor 
affect the climate impacts. Some observers seem to 
worry about the propensity of the political process 
under a cap-and-trade system to compensate sec-
tors (through free allowance allocations) that suc-
cessfully claim unfair burdens. But a carbon tax is 
sensitive to the same pressures and may be expected 
to succumb in ways that are ultimately more dan-
gerous.

Fourth, as already noted, a carbon tax provides 
greater certainty over costs at the expense of much 
less certainty about emissions levels. Most climate 
policy proposals call for progressively greater cuts 
in emissions over time. Cap-and-trade is funda-
mentally well suited to this because it is a quan-
tity-based approach. Progress under a carbon tax 
would be uncertain, mainly because of variations in 
economic conditions. More broadly, the flexibility 
of cap-and-trade means that it can replicate virtu-
ally all of the key aspects of a tax, for example by 
auctioning allowances and adopting a cost contain-
ment mechanism.

Finally, a cap-and-trade system is much easier to 
harmonize with other countries’ carbon mitigation 
programs, which are more likely to employ cap-and-
trade than tax approaches. Cap-and-trade systems 
generate a natural unit of exchange for harmoni-
zation: allowances denominated in units of carbon 
content of fossil fuels (or CO2 emissions).

potential Convergence between Cap-and-
Trade and a Carbon Tax
Despite their differences in specific implementa-
tions, the carbon tax and cap-and-trade have much 
in common. Both are market-based instruments, 
able to achieve goals cost-effectively and provide 
incentives for technological change to bring costs 
down in the long term. Either can be used to reg-
ulate emissions upstream, at the mine, refinery, 
or processor, and so more easily bring emissions 
throughout the economy under their sway. Either 
can include offsets for uncovered sources and for 
CCS. And both provide a measure of cost certainty: 
a tax program through the tax rate itself, and a cap-
and-trade system through the proposed flexibility 
mechanisms.

The remaining differences can begin to fade when 
various specific implementations of either program 
are carried out. Hybrid schemes that include fea-
tures of both systems blur the distinctions between 
them (Parry and Pizer 2007). In a cap-and-trade 
system the government can auction allowances, 
thereby reproducing many of the properties of a 
tax approach. Likewise, a carbon tax can include 
rebates and exemptions on some basis other than 
current emissions. Mechanisms that deal with un-
certainty in a cap-and-trade system also bring it 
close to a tax approach; these can include a cost 
containment mechanism that caps allowance prices, 
banking that creates a floor under prices, and bor-
rowing that provides flexibility similar to a tax. To 
some degree, the choice between taxes and permits 
can turn out to be a choice of design elements along 
a policy continuum.
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A variety of objections have been raised to 
the use of cap-and-trade systems in general 
or to the specific application of the cap-

and-trade mechanism to reducing CO2 and other 
greenhouse gas emissions. This section briefly de-
scribes and responds to these objections.

“Cap-and-Trade is Unethical—it Allows 
Firms to buy and Sell the right to 
pollute.”

Over the twenty-five years in which market-based 
instruments have become an accepted part of the 
environmental regulatory portfolio, the claim that 
cap-and-trade systems are morally flawed because 
they allow firms to buy and sell the right to pollute 
is heard with decreasing frequency. But the argu-
ment has been made at least as recently as the late 
1990s, and in the specific context of global climate 
change policy (Sandel 1997). However, few would 
agree that people are behaving immorally by cook-
ing dinner, heating their homes, turning on a light, 
or using a computer. Yet all of these activities result 
in CO2 emissions (Gaines 1997).

“Cap-and-Trade Creates hot Spots of 
pollution.”

Because greenhouse emissions uniformly mix in the 
atmosphere, there are no greenhouse gas hot spots. 
The question is whether allowance trading activ-
ity might lead to excessive concentrations of other, 
localized pollutants whose emissions are correlated 
with greenhouse gas emissions. This concern has 
frequently been expressed in California’s debate 
over a proposed cap-and-trade system for green-
house gases.

A cap-and-trade system for greenhouse gases, how-
ever, would not supplant existing local air qual-
ity regulations. If a firm’s action resulting from an 
emissions trade violates local regulations for NOX 

emissions, for example, that action would still be 
illegal no matter how many greenhouse gas allow-
ances the firm obtained. A greenhouse gas cap-and-
trade system would not interfere with local air qual-
ity regulations; only legal trades would be legal. 

“Upstream Cap-and-Trade Will have 
minimal effects on the Transportation 
Sector.”

It is quite true that the greatest share of emissions 
reductions under cap-and-trade would occur in the 
electric power sector, followed by the industrial 
sector, with much smaller percentage reductions 
in the transportation and other sectors. Given that 
approximately one-third of U.S. CO2 emissions 
from energy consumption come from the trans-
portation sector, this may seem like an opportunity 
missed for deeper cuts in emissions. But from an 
economic (that is, cost-effectiveness) perspective, 
such an outcome could still be both appropriate and 
desirable, if the reason for the policy is to combat 
climate change. An upstream cap-and-trade system 
that provides a uniform price signal for cost-effec-
tive emissions reductions economy-wide will lead 
to those reductions being undertaken wherever 
they are least costly. The result will almost cer-
tainly not be proportionate reductions in emissions 
from each type of source or each sector. If there 
are other, non-climate-related reasons, such as oil 
dependency, for concerns about the use of trans-
portation fuels, those concerns should be addressed 
through other policies appropriate to the problem 
(Sandalow 2007).

“it Would be better to begin with 
narrow Coverage Across a Few 
Sectors.”

Some have argued that, for political expediency, 
any cap-and-trade system should start by covering 
only a few sectors and then broadening coverage 

V.  responses to Common objections
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over time, rather than imposing an economy-wide 
system as proposed here. There are several prob-
lems with beginning with narrow coverage. First, 
narrow coverage is inevitably more costly for any 
given amount of environmental gain, because some 
of the lowest-cost emissions reduction opportuni-
ties are taken off the table. Second, the best way to 
deal with the political forces that prompt the rec-
ommendation for narrow coverage seems to be to 
begin broad and then go deep (Schmalensee 1998). 
Resistance from uncovered sectors will only increase 
as the stringency of policy and the corresponding 
economic burdens increase—as has been observed 
in the debates surrounding proposals to expand the 
sectoral coverage of the European Union’s down-
stream cap-and-trade program.

“A Cap-and-Trade System Will 
Create barriers to entry and reduce 
Competition.”

It is true, in principle, that incumbent firms could 
use their emissions allowances strategically to keep 
new entrants from competing in their product 
markets. This is why the SO2 allowance trading 
program auctions allowances annually so that the 
government can be a source of allowances of last 
resort. In fact, there is no evidence from any imple-
mented cap-and-trade system of incumbent firms 
withholding allowances from the market for stra-
tegic purposes. The proposed CO2 cap-and-trade 
system includes a large auction of allowances from 
the very beginning.

“The experience with reClAim and 
the eU eTS demonstrates that extreme 
price Volatility is inherent in Cap-and-
Trade Systems.”

It is true that a cap-and-trade system (at least one 
that establishes rigid annual caps) offers less certain-
ty about costs, precisely because it provides greater 
certainty about emissions. But the significant price 

volatility observed in the RECLAIM program and 
the EU ETS were associated with particular, prob-
lematic design features as well as special circum-
stances.

The price spike for NOX allowances observed 
during the California electricity crisis was partly 
a consequence of design flaws in the RECLAIM 
program and partly a consequence of the electric-
ity crisis itself. RECLAIM does not allow banking 
from one period to the next, and so facilities have 
no incentive to install pollution control equipment 
that would allow them to reduce their current emis-
sions and bank allowances for the future. The result 
was that during the 2000-01 electricity crisis some 
units facing high demand were unable to purchase 
allowances for their emissions, leading to a price 
spike. Even in the absence of an allowance bank, 
the crisis would not have resulted in a price spike 
had a safety valve or some other cost-containment 
mechanism been available.73

In the spring of 2006, when it became clear that 
the allocation of allowances in the pilot phase of 
the EU ETS had exceeded emissions, a dramatic 
fall in allowance prices occurred. The price collapse 
was due to a combination of the system’s design, 
generous allowance allocations, data problems, and 
modeling mistakes. It now appears that the Europe-
an Union may not meet its aggregate target under 
Kyoto, and some claim that the fault lies with the 
EU ETS. However, the downstream system covers 
only 45 percent of European CO2 emissions, and 
the failures to reduce emissions are concentrated in 
the sectors not covered by the program.

It is also claimed that the windfall profits of some 
electric power producers under the EU ETS are ev-
idence of an inherent problem with cap-and-trade. 
Here, again, the evidence is otherwise. As explained 
in the online appendix, the program’s guidelines 
called for at least 95 percent of allowances to be 
distributed for free in the first compliance period, 

73. In RECLAIM a safety-valve price of $15,000 a ton had been written into the regulations as a feature that could be made operational. It 
was not operational, however, when the price spike occurred and it was needed.
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and most countries distributed 100 percent of their 
allowances for free. In contrast, the cap-and-trade 
system proposed here provides for 50 percent of 
allowances to be auctioned initially, gradually rising 
to 100 percent after twenty-five years.

“A Cap-and-Trade System Will put 
the United States at a Competitive 
disadvantage with other Countries.”

Ever since the passage of the Byrd-Hagel resolution 
in the U.S. Senate in 1997, there has been great 
concern, much of it understandable, about the ef-
fects of climate policy on domestic manufacturing 
and employment. In principle, any domestic policy 
that drives up the cost of producing goods and ser-
vices in proportion to the CO2 emissions caused by 

that production can shift comparative advantage in 
those goods and services to other countries that are 
not taking on similar costs. This is the phenomenon 
behind emissions leakage.

It is for this reason that the cap-and-trade system 
proposed here is linked to the actions of other key 
nations. In particular, imports of highly carbon-in-
tensive goods from countries that have not taken 
climate policy actions comparable to those in the 
United States would be required to hold appropri-
ate quantities of allowances. This would establish 
a level playing field for domestically produced and 
imported products, would reduce emissions leak-
age, and may help induce some key developing 
countries to join an international agreement.
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The need for a domestic U.S. policy that seri-
ously addresses climate change is increasing-
ly apparent. But a policy that meaningfully 

reduces emissions of CO2 and other greenhouse 
gases will not come cheap: estimated annual costs 
are on the order of 1 percent of GDP. These high 
stakes make it critical to identify the most effective, 
lowest-cost, and most equitable policy at the outset, 
because any policy design once in place can be dif-
ficult to change.

Policy analysts generally agree that the policy most 
likely to optimize these three criteria will be one 
based on some form of market-based instrument for 
reducing emissions: either a cap-and-trade system, 
based on emissions allowances, or a carbon tax. 

This paper has argued that a cap-and-trade system 
is the better approach for the United States in the 
short to medium term—and more likely to be politi-
cally successful. Besides providing greater certainty 
about emissions levels, cap-and-trade offers several 
advantages: an easy means (partial free distribution 
of allowances) of compensating for the inevitably 
unequal burdens imposed by climate policy; it is 
straightforward to harmonize with other countries’ 
climate policies, which are much more likely to em-
ploy cap-and-trade than tax approaches; it avoids 
the current political aversion in the United States 
to taxes; and it has a history of successful adoption 
in this country. Given this judgment, the paper has 
further proposed a specific cap-and-trade system 
that is scientifically sound, economically rational, 
and politically feasible. 

The proposed system has several key features. It 
imposes an upstream cap on CO2 emissions (carbon 
content is measured at the point of fuel extraction, 
refining, distribution, or importation), with grad-
ual inclusion of other greenhouse gases, to ensure 
economy-wide coverage while limiting the number 
of entities to be monitored. It sets a gradual down-

ward trajectory of emissions ceilings over time, to 
minimize disruption and allow firms and house-
holds time to adapt. It also includes mechanisms to 
reduce the cost uncertainty that is a potential draw-
back of a cap-and-trade system; these include pro-
visions for banking and borrowing of allowances, 
and possibly a cost containment mechanism (such 
as the sale of additional allowances during severe 
price spikes, with the revenues dedicated to bring-
ing about additional emissions reductions) to pro-
tect against price volatility.

Initially, half of the program’s allowances would be 
allocated through auctioning and half through free 
distribution, primarily to those entities most bur-
dened by the policy. This arrangement should help 
limit potential inequities while bolstering political 
support. The share distributed for free would phase 
out gradually over twenty-five years. The auctioned 
allowances would generate revenue that could be 
used for a variety of worthwhile public purposes. To 
increase the program’s short-term cost-effectiveness 
and create long-term incentives for technological 
development, entities that successfully implement 
carbon sequestration (biological or underground if 
feasible) would be eligible for offsets. 

The system would operate at the federal level, even-
tually asserting supremacy over all regional, state, 
and local systems, while building on any institu-
tions already developed at those levels. The system 
would also provide for linkage with international 
emissions reduction credit arrangements, harmo-
nization over time with effective cap-and-trade 
systems in other countries, and appropriate link-
age with other actions taken abroad that maintains 
a level playing field between imports and import-
competing domestic products. To address potential 
market failures that might render the system’s price 
signals ineffective, certain complementary policies 
are recommended, for example in the area of con-
sumer information.

Vi.  Summary and Conclusions
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Like other market-based emissions reduction 
schemes, the one proposed here reduces compli-
ance costs by offering regulated entities “what, 
where, and when” flexibility. Rather than mandate 
specific measures on all sources, it allows emis-
sions to be reduced however, wherever, and, to 
a great extent, whenever they are least costly. To 
illustrate the potential cost savings, this paper has 
reported empirical cost estimates for two hypo-
thetical time trajectories for emissions caps. The 
first stabilizes CO2 emissions at their 2008 level by 
2050, whereas the second reduces emissions from 
their 2008 level to 50 percent below the 1990 level 
by 2050. (Both are consistent with the often cited 
global goal of stabilizing CO2 atmospheric con-
centrations at between 450 and 550 ppm, provid-
ed all countries take commensurate action.) The 
analysis found significant but affordable impacts 
on GDP under both trajectories: generally below 
0.5 percent a year for the less aggressive trajec-
tory, and ranging up to 1 percent a year for the 
more aggressive one. Average annual GDP growth 
over 2012-50 would slow to 2.895 percent under 
the first trajectory and to 2.891 percent under the 
more stringent one, compared with 2.901 percent 
under business as usual.

The empirical analysis also generated estimates 
of the market prices of allowances under both 
trajectories: the estimated price rises from $18 
per ton of CO2 in 2015 to $70 per ton in 2050 
under the less aggressive trajectory, and from $41 
per ton in 2015 to $161 per ton in 2050 under 
the more aggressive one. Among other effects, the 
gradual price increase leads not only to reductions 
in electric power production, but also to dramatic 
changes in the mix of fuels used to generate elec-
tricity. Conventional coal-fired generation drops 
significantly even under the less aggressive trajec-
tory and disappears completely by 2040 under the 
more aggressive path.

The proposed system could generate substantial 
government revenue. If all allowances were auc-
tioned, revenue would rise from an estimated $119 
billion a year in 2015 to $473 billion by 2050 under 

the less aggressive trajectory, and from $269 billion 
in 2015 to $404 billion in 2050 under the more ag-
gressive trajectory.

The paper also explored the distributional impli-
cations of the proposed program. Illustrative es-
timates—which do not account for the offsetting 
effects of possible free allocation of allowances or 
redistribution of auction revenues—indicate a rela-
tively small burden on fossil fuel producers (about 
4 percent of the total), because most of the costs 
would be passed on to customers. Fossil fuel-fired 
electricity generators also would bear a relatively 
small share, about 7 percent, for analogous reasons. 
Business and industry would bear nearly 30 percent 
of the total cost burden through their primary ener-
gy use, and about 25 percent through their electric-
ity use, for a total of about 55 percent. The remain-
ing roughly 35 percent of costs would be borne by 
households.

The paper has argued that the details of policy 
design in addressing climate change matter, even if 
their implications are not always immediately ap-
parent. For example, although the point of regula-
tion (upstream, midstream, or downstream) in a 
cap-and-trade system determines who incurs the 
initial regulatory costs, the ultimate distribution of 
burdens is ultimately determined by market forces 
and will be the same for any point of regulation. 
Thus the choice of point of regulation in no way 
prevents policymakers from allocating allowances 
to whomever they choose. This shows that well-
informed policy design can mitigate the trade-
offs between cost-effectiveness and distributional 
goals. 

Finally, in interpreting the estimates presented in 
this paper, it is essential to realize that the global-
commons nature of climate change makes it im-
possible to associate any specific U.S. domestic 
policy directly and unequivocally with progress to-
ward a particular climate target, whether stated in 
terms of atmospheric greenhouse gas concentra-
tions, changes in temperatures, or damages avoid-
ed. The impact of any U.S. policy will ultimately 
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depend upon the actions of other nations around 
the world. Without an effective and compelling 
global climate agreement, each country’s optimal 
strategy is to free-ride on the actions of others. 
But if all countries do this, nothing will be accom-
plished, and the result will be the infamous trag-
edy of the commons. A cooperative solution—one 
that is scientifically sound, economically rational, 
and politically pragmatic—must remain the ulti-
mate goal.

Given these realities, a major strategic consider-
ation in establishing U.S. climate policy should be 
to establish international credibility and lead other 
countries to take action. For this it is essential that 
the United States be perceived as taking on an eq-
uitable share of the burden. The proposal presented 
in this paper offers a way for the United States to 
demonstrate its commitment to an international 
solution while making its own real contribution to 
combating climate change.

http://www.hamiltonproject.org


A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

60 THE HAMILTON PROJECT  |   THE BROOkINgS INSTITUTION

Abt Associates. 2005. “Carbon Emissions Economic Intensity 
Index: Development and Technical Enhancements.” 
Prepared for the Climate Change Division, U.S. 
Environmental Protection Agency, Bethesda, MD.

Aldy, Joseph E. 2004. “Saving the Planet Cost-Effectively: 
The Role of Economic Analysis in Climate Change 
Mitigation Policy.” In Painting the White House Green: 
Rationalizing Environmental Policy inside the Executive Office 
of the President, ed. R. Lutter and J. F. Shogren, 89-118. 
Washington, DC: Resources for the Future Press.

_________. 2007. “Assessing the Costs of Domestic Regulatory 
Proposals: Analysis Memo.” Washington, DC: Resources for 
the Future.

Aldy, Joseph E., and Robert N. Stavins, eds. 2007. Architectures 
for Agreement: Addressing Global Climate Change in the Post-
Kyoto World. Cambridge, UK: Cambridge University Press.

Aldy, Joseph E., Scott Barrett, and Robert N. Stavins. 2003. 
“Thirteen Plus One: A Comparison of Global Climate 
Policy Architectures.” Climate Policy 3(4): 373-97.

Anderson, Robert. 1997. “The U.S. Experience with Economic 
Incentives in Environmental Pollution Control Policy.” 
Washington, DC: Environmental Law Institute.

Bannon, Brent, Matthew DeBell, Jon A. Krosnick, Ray Kopp, and 
Peter Aldhous. 2007. “Americans’ Evaluations of Policies 
to Reduce Greenhouse Gas Emissions.” Working paper, 
Stanford University, Resources for the Future, and New 
Scientist Magazine.

Bluestein, Joel. 2005. “Upstream Regulation of CO2.” 
Presentation to the National Commission on Energy Policy 
Workshop, Washington, DC.

Bovenberg, Lans A., and Lawrence H. Goulder. 2003. 
“Confronting Industry-Distributional Concerns in U.S. 
Climate-Change Policy.” Discussion Paper, Les Seminaires 
de l’IDDRI 6. Paris, France: Institut du développement 
durable et des relations internationals, 

Burtraw, Dallas, and Karen Palmer. 2006. “Compensation Rules 
for Climate Policy in the Electricity Sector.” Presented 
at the National Bureau of Economic Research Summer 
Institute, Workshop on Public Policy and the Environment, 
Cambridge, MA.

Burtraw, Dallas, Karen Palmer, Ranjit Bharvirkar, and Anthony 
Paul. 2002. “The Effect on Asset Values of the Allocation 
of Carbon Dioxide Emission Allowances.” The Electricity 
Journal 15(5): 51-62.

Cambridge Energy Research Associates. 2006. “Design Issues 
for Market-Based Greenhouse Gas Reduction Strategies.” 
Washington, DC.

Carlson, Curtis, Dallas Burraw, Maureen Cropper, and Karen 
Palmer. 2000. “Sulfur Dioxide Control by Electric Utilities: 
What Are the Gains from Trade?” Discussion Paper 98-44-
REV. Washington, DC: Resources for the Future.

Chesnaye, Francisco C., and John P. Weyant, eds. 2006. “Multi-
Greenhouse Gas Mitigation and Climate Policy.” The 
Energy Journal, Special Issue (November 22).

Clarke, Leon, James Edmund, Henry Jacoby, Hugh Pitchner, John 
Reilly, Richard Richels. 2006. “Synthesis and Assessment 
Product 2.1, Part A: Scenarios of Greenhouse Gas Emissions 
and Atmospheric Concentrations.” Review Draft, U.S. 
Climate Change Science Program Washington, DC.

Deutch, John, and Ernest J. Moniz, co-chairs. 2007. The Future 
of Coal: Options for a Carbon-Constrained World. Cambridge, 
MA: Massachusetts Institute of Technology.

Dinan, Terry. 2007. “Trade-Offs in Allocating Allowances for CO2 
Emissions.” Economic and Budget Issue Brief. Washington, 
DC: Congressional Budget Office,

Dixit, Avinash K., and Robert S. Pindyck. 1994. Investment under 
Uncertainty. Princeton, NJ: Princeton University Press.

Ellerman, Denny. 2006. “New Entrant and Closure Provisions: 
How Do They Distort?” Center for Energy and 
Environmental Policy Research Working Paper 06-013, 
Massachusetts Institute of Technology, Cambridge, MA.

_________. 2007. “Are Cap-and-Trade Programs More 
Environmentally Effective than Conventional Regulation?” 
In Moving to Markets in Environmental Regulation: Lessons 
from Twenty Years of Experience, ed. J. Freeman and C. 
Kolstad, 48-62. Oxford, UK: Oxford University Press.

Ellerman, Denny, Barbara Buchner, and Carlo Carraro, eds. 2007. 
Allocation in the European Emissions Trading Scheme: Rights, 
Rents and Fairness. New York, NY: Cambridge University 
Press. 

Ellerman, Denny, Henry Jacoby, and Martin Zimmerman. 
2006. “Bringing Transportation into a Cap-and-Trade 
Regime.” MIT Joint Program Report 136. Cambridge, MA: 
Massachusetts Institute of Technology.

European Environment Agency. 2006. “Greenhouse Gas 
Emission Trends and Projections in Europe 2006.” 
Copenhagen.

Farrell, Alex, Robert Carter, and Roger Raufer. 1999. “The NOX 
Budget: Market-based Control of Tropospheric Ozone 
in the Northeastern United States.” Resource and Energy 
Economics 21: 103-24.

Frankel, Jeffrey. 2005. “Climate and Trade: Links between the 
Kyoto Protocol and WTO.” Environment 47(7): 8-19.

Gaines, Sanford E. 1997. “Reply to Michael J. Sandel.” New York 
Times December 20.

Goulder, Lawrence H. 2000. “Confronting the Adverse Industry 
Impacts of CO2 Abatement Policies: What Does it Cost?” 
Climate Issues Brief 23. Washington, DC: Resources for the 
Future.

_________. 2002. “Mitigating the Adverse Impacts of CO2 
Abatement Policies on Energy-Intensive Industries.” 
Discussion Paper 02-22. Washington, DC: Resources for the 
Future, 

_________. 2004. “Induced Technological Change and Climate 
Policy.” Arlington, VA: Pew Center on Global Climate 
Change, 

Gurgel, Angelo, Sergey Paltsev, John Reilly, and Gilbert Metcalf. 
2007. “U.S. Greenhouse Gas Cap-and-Trade Proposals: 
Application of a Forward-Looking Computable General 
Equilibrium Model.” Report No. 150. Cambridge, MA: 
MIT Joint Program on the Science and Policy of Global 
Change.

Hahn, Robert. 1989. “Economic Prescriptions for Environmental 
Problems: How the Patient Followed the Doctor’s Orders.” 
Journal of Economic Perspectives 3: 95-114.

Hahn, Robert, and Gordon Hester. 1989. “Marketable Permits: 
Lessons for Theory and Practice.” Ecology Law Quarterly 16: 
361-406.

references



A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

 www.HAMILTONPROJECT.ORg  |   OCTOBER 2007 61

Haites, Erik. 1996. “Trading for Ozone-Depleting Substances.” 
Toronto: Margaree Consultants.

Harrison, David, Jr. 2003. “Ex Post Evaluation of the RECLAIM 
Emission Trading Program for the Los Angeles Air 
Basin.” Presented at a Workshop on Ex Post Evaluation 
of Tradeable Permits: Methodological and Policy Issues, 
OECD Environment Directorate, Paris.

Intergovernmental Panel on Climate Change. 2007a. “Climate 
Change 2007: The Physical Science Basis: Working Group 
I Contribution to the Fourth Assessment Report of the 
IPCC.” Cambridge, UK: Cambridge University Press.

_________. 2007b. “Climate Change 2007: Impacts, Adaptation 
and Vulnerability: Working Group II Contribution to the 
Fourth Assessment Report of the IPCC.” Cambridge, UK: 
Cambridge University Press.

_________. 2007c. “Climate Change 2007: Mitigation of 
Climate Change: Working Group III Contribution to the 
Fourth Assessment Report of the IPCC.” Cambridge, UK: 
Cambridge University Press.

Jacoby, Henry D., and A. Denny Ellerman. 2002. “The Safety 
Valve and Climate Policy.” Report 83. Cambridge, MA: 
MIT Joint Program on the Science and Policy of Global 
Change.

Jaffe, Adam B., Richard G. Newell, and Robert N. Stavins. 
1999. “Energy-Efficient Technologies and Climate Change 
Policies: Issues and Evidence.” Climate Issues Brief 19. 
Washington, DC: Resources for the Future.

_________. 2003. “Technological Change and the Environment.” 
In Handbook of Environmental Economics, vol. I, ed. Karl-
Göran Mäler and Jeffrey Vincent, chapter 11, 461-516. 
Amsterdam: Elsevier Science.

_________. 2005. “A Tale of Two Market Failures: Technology 
and Environmental Policy.” Ecological Economics 54: 164-74.

Jaffe, Adam B., Steven Peterson, Paul Portney, Robert Stavins. 
1995. “Environmental Regulation and the Competitiveness 
of U.S. Manufacturing: What Does the Evidence Tell Us?” 
Journal of Economic Literature 33: 132-65.

Jaffe, Judson, and Robert Stavins. 2007. “Linking Emissions 
Trading Systems.” Paper prepared for the International 
Emissions Trading Association. Cambridge, MA: Harvard 
University.

Jorgenson, Dale W., Richard Goetle, Peter Wilcoxen, and Mun 
Sing Ho. 2000. “The Role of Substitution in Understanding 
the Costs of Climate Change Policy.” Arlington, VA: Pew 
Center on Global Climate Change.

Joskow, Paul. 2001. “California’s Electricity Crisis.” Oxford Review 
of Economic Policy 17: 365-88.

Keohane, Nathaniel, Richard Revesz, and Robert Stavins. 1998. 
“The Choice of Regulatory Instruments in Environmental 
Policy.” Harvard Environmental Law Review 22(2): 313-67.

Kerr, Suzi, and Richard Newell. 2000. “Policy-Induced 
Technology Adoption: Evidence from the U.S. Lead 
Phasedown.” Draft, Resources for the Future, Washington, 
DC.

Klaassen, Ger. 1999. “Emissions Trading in the European Union: 
Practice and Prospects.” In Pollution for Sale, ed. S. Sorrell 
and J. Skea, pp. 83-100. Cheltenham, UK: Edward Elgar.

Lile, Ron, and Dallas Burtraw. 1998. “State Level Policies and 
Regulatory Guidance for Compliance in the Early Years of 
the SO2 Emission Allowance Trading Program.” Discussion 
Paper 98-35. Washington, DC: Resources for the Future.

Lubowski, Ruben N., Andrew J. Plantinga, and Robert N. Stavins. 
2006. “Land-Use Change and Carbon Sinks: Econometric 
Estimation of the Carbon Sequestration Supply Function.” 

Journal of Environmental Economics and Management 51: 
135-52.

Montero, Juan-Pablo, and Jose Miguel Sánchez. 1999. “A 
Market-Based Environmental Policy Experiment in Chile.” 
Santiago: Department of Industrial Engineering, Catholic 
University of Chile.

Montgomery, W. David, and Anne E. Smith. 2007. “Price, 
Quantity, and Technology Strategies for Climate 
Change Policy.” In Human Induced Climate Change: An 
Interdisciplinary Assessment, ed. M. E. Schlessinger and 
others. Cambridge, UK: Cambridge University Press.

Morgenstern, Richard, William Pizer, and Jhih-Shyang Shih. 
2001. “The Cost of Environmental Protection.” Review of 
Economics and Statistics 83: 732-38.

Morgenstern, Richard, Mun Ho, Jhih-Shyang Shih, and 
Xuehua Zhang. 2002. “The Near-term Impacts of 
Carbon Mitigation Policies on Manufacturing Industries.” 
Discussion Paper 02-06. Washington, DC: Resources for the 
Future.

Morris, Michael G., and Edwin D. Hill. 2007. “Trade is the Key 
to Climate Change.” The Energy Daily 35(33), February 20.

Musgrave, Richard A., and Peggy B. Musgrave. 1980. Public 
Finance in Theory and Practice. New York, NY: McGraw-Hill.

National Commission on Energy Policy. 2004. “Ending the 
Energy Stalemate: A Bipartisan Strategy to Meet America’s 
Energy Challenges.” Washington, DC.

_________. 2007a. “Allocating Allowances in a Greenhouse Gas 
Trading System.” Washington, DC.

_________. 2007b. “Energy Policy Recommendations to the 
President and the 110th Congress.” Washington, DC.

Natsource LLC. 2007. “Realizing the Benefits of Greenhouse Gas 
Offsets: Design Options to Stimulate Project Development 
and Ensure Environmental Integrity.” Paper prepared for 
the National Commission on Energy Policy, New York, NY.

Newell, Richard G. 2007. “Climate Technology Policy.” 
Washington, DC: Resources for the Future Climate 
Backgrounder.

Newell, Richard G., and Daniel Hall. 2007. “U.S. Climate 
Mitigation in the Context of Global Stabilization: Analysis 
Memo.” Washington, DC: Resources for the Future (April 9).

Newell, Richard G., and William Pizer. 2006. “Indexed 
Regulation.” Discussion Paper 06-32. Washington, DC: 
Resources for the Future.

Newell, Richard G., and Robert N. Stavins. 2003. “Cost 
Heterogeneity and the Potential Savings from Market-Based 
Policies.” Journal of Regulatory Economics 23: 43-59.

Newell, Richard G., Adam B. Jaffe, and Robert N. Stavins. 1999. 
“The Induced Innovation Hypothesis and Energy-Saving 
Technological Change.” Quarterly Journal of Economics 
114(3): 941-75.

Nordhaus, Robert R. 2005. “Downstream Regulation: Design 
Options.” Presented to the National Commission on Energy 
Policy Workshop, Washington, DC.

Nordhaus, Robert R., and Kyle W. Danish. 2003. “Designing 
a Mandatory Greenhouse Gas Reduction Program for 
the U.S.” Arlington, VA: Pew Center on Global Climate 
Change.

Nordhaus, William. 2007. “The Stern Review on the Economics 
of Climate Change.” Journal of Economic Literature. Vol 45, 
No. 3, September 2007.

Olmstead, Sheila M., and Robert N. Stavins. 2006. “An 
International Policy Architecture for the Post-Kyoto Era.” 
American Economic Review Papers and Proceedings 96(2): 
35-38.

http://www.hamiltonproject.org


A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

62 THE HAMILTON PROJECT  |   THE BROOkINgS INSTITUTION

Paltsev, Sergey, John Reilly, Henry Jacoby, Angelo Gurgel, 
Gilbert Metcalf, Andrei Sokolov, and Jennifer Holak. 2007a. 
“Assessment of U.S. Cap-and-Trade Proposals.” Working 
Paper 13176, National Bureau of Economic Research, 
Cambridge, MA. 

_________. 2007b. “Appendix C: Assessment of U.S. Cap-and-
Trade Proposals: Details of Simulation Results.” National 
Bureau of Economic Research, Cambridge, MA.

Parry, Ian W. H., and William A. Pizer. 2007. “Emissions Trading 
Versus CO2 Taxes.” Washington, DC: Resources for the 
Future.

Pauwelyn, Joost. 2007. “U.S. Federal Climate Policy and 
Competitiveness Concerns: The Limits and Options of 
International Trade Law.” Working Paper 07-02, Nicholas 
Institute for Environmental Policy Solutions, Duke 
University, Durham, NC.

Pizer, William. 2005a. “The Case for Intensity Targets.” Climate 
Policy 5: 455-62. 

_________. 2005b. “Climate Policy Design under Uncertainty.” 
Discussion Paper 05-44. Washington, DC: Resources for the 
Future.

Pizer, William, Dallas Burtraw, Winston Harrington, Richard 
Newell, and James Sanchirico. 2006. “Modeling 
Economy-wide vs Sectoral Climate Policies Using Combined 
Aggregate-Sectoral Models.” Energy Journal 27(3).

Pizer, William, James N. Sanchirico, and Michael Batz. 2006. 
“Regional Patterns of Household Energy Use and Carbon 
Emissions.” Discussion Paper 01-59 (revised). Washington, 
DC: Resources for the Future (March).

Plantinga, Andrew J. 2007. “Land-Use Change and Biological 
Carbon Sequestration.” Presentation at a Workshop 
on Carbon Sequestration in Agriculture and Forestry, 
Thessaloniki, Greece.

Reilly, John, Henry Jacoby, and Ronald Prinn. 2003. “Multi-Gas 
Contributors to Global Climate Change: Climate Impacts 
and Mitigation Costs of Non-CO2 Gases.” Arlington, VA: 
Pew Center on Global Climate Change.

Repetto, Robert. 2007. “National Climate Policy: Choosing 
the Right Architecture.” New Haven, CT: Yale School of 
Forestry and Environmental Studies.

Sandalow, David. 2007. “Ending Oil Dependence.” Working 
paper. Washington, DC: Brookings Institution.

Sandel, Michael J. 1997. “It’s Immoral to Buy the Right to 
Pollute.” New York Times. December 15, p. A29.

Schmalensee, Richard. 1998. “Greenhouse Policy Architecture 
and Institutions.” In Economics and Policy Issues in Climate 
Change, ed. W. D. Nordhaus. Washington, DC: Resources 
for the Future.

Smith, Anne, Martin Ross, and David Montgomery. 2002. 
“Implications of Trading Implementation Design for 
Equity-Efficiency Trade-offs in Carbon Permit Allocations.” 
Working paper. Washington, DC: Charles River Associates.

Stavins, Robert N. 1995. “Transaction Costs and Tradeable 
Permits.” Journal of Environmental Economics and 
Management 29: 133-48.

_________. 1997. “Policy Instruments for Climate Change: How 
Can National Governments Address a Global Problem.” 
University of Chicago Legal Forum, 293-329.

_________. 1998. “What Can We Learn from the Grand Policy 
Experiment? Lessons from SO2 Allowance Trading.” 
Journal of Economic Perspectives 12(3): 69-88.

_________. 1999. “The Costs of Carbon Sequestration: A 
Revealed-Preference Approach.” American Economic Review 
89(4): 994-1009.

_________. 2003. “Experience with Market-Based Environmental 
Policy Instruments.” In Handbook of Environmental 
Economics, vol. I, ed. Karl-Göran Mäler and Jeffrey Vincent, 
355-435. Amsterdam: Elsevier Science.

_________. 2006. “Vintage-Differentiated Environmental 
Regulation.” Stanford Environmental Law Journal 25(1): 
29-63.

_________. 2007. “Comments on the Recommendations of the 
Market Advisory Committee to the California Air Resources 
Board, Recommendations for Designing a Greenhouse Gas 
Cap-and-Trade System for California.” Cambridge, MA: 
Kennedy School of Government, Harvard University.

Stavins, Robert N., and Kenneth R. Richards. 2005. “The Cost of 
U.S. Forest-Based Carbon Sequestration.” Arlington, VA: 
Pew Center on Global Climate Change.

Stavins, Robert N., Judson Jaffe, and Todd Schatzki. 2007. 
“Designing an Effective U.S. Climate Policy: Key Issues, 
Implications, and Tradeoffs.” Cambridge, MA: Harvard 
University.

Tietenberg, Tom. 1997. “Tradeable Permits and the Control 
of Air Pollution in the United States.” Paper prepared 
for the 10th Anniversary Jubilee edition of Zeitschrift für 
Angewandte Umweltforschung.

Tol, Richard S. J. 2005. “The Marginal Damage Costs of Carbon 
Dioxide Emissions: An Assessment of the Uncertainties.” 
Energy Policy 33: 2064-74.

U.S. Bureau of the Census. 2005. http://www.census.gov/econ/
census02/guide/subsumm.htm.

(2002 Economic Census: Manufacturing Subject Series. EC02 
-31SG-1) 

U.S. Climate Action Partnership. 2007. “A Call for Action: 
Consensus Principles and Recommendations from the 
U.S. Climate Action Partnership: A Business and NGO 
Partnership.” Washington, DC.

U.S. Congressional Budget Office. 2003. “The Economic 
Costs of Fuel Economy Standards Versus a Gasoline Tax.” 
Washington, DC: Congressional Budget Office.

U.S. Energy Information Administration. 2002. “2002 
Manufacturing Energy Consumption Survey.” Washington, 
DC: U.S. Department of Energy.

_________. 2003. “Analysis of S.139, the Climate Stewardship Act 
of 2003.” Washington, DC: U.S. Department of Energy.

_________. 2005. “Impacts of Modeled Recommendations of the 
National Commission on Energy Policy.” Washington, DC: 
U.S. Department of Energy.

_________. 2006a. “Electric Power Annual 2005 State Data 
Tables.” Washington, DC: U.S. Department of Energy.

_________. 2006b. “Emissions of Greenhouse Gases in the 
United States 2005.” Washington, DC: U.S. Department of 
Energy.

_________. 2006c. “Energy Market Impacts of Alternative 
Greenhouse Gas Intensity Reduction Goals.” Washington, 
DC: U.S. Department of Energy.

_________. 2006d. “Energy-Related Carbon Dioxide Emissions 
in U.S. Manufacturing.” Washington, DC: U.S. Department 
of Energy.

_________. 2006e. “Energy and Economic Impacts of H.R.5049, 
the Keep America Competitive Global Warming Policy 
Act.” Washington, D.C.: U.S. Department of Energy.

_________. 2007. “Energy Market and Economic Impacts of a 
Proposal to Reduce Greenhouse Gas Intensity with a Cap 
and Trade System.” Washington, DC: U.S. Department of 
Energy.

U.S. Environmental Protection Agency. 2005. “Acid Rain 

http://www.census.gov/econ/census02/guide/subsumm.htm
http://www.census.gov/econ/census02/guide/subsumm.htm


A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

 www.HAMILTONPROJECT.ORg  |   OCTOBER 2007 6�

Program: 2005 Progress Report.” Washington DC: Office 
of Air and Radiation, Clean Air Markets Division, U.S. 
Environmental Protection Agency.

U.S. Office of Management and Budget. 2007. “Draft 2007 
Report to Congress on the Costs and Benefits of Federal 
Regulations.” Washington, DC: Office of Management and 
Budget.

Weitzman, Martin L. 2007. “Structural Uncertainty and the Value 
of Statistical Life in the Economics of Catastrophic Climate 
Change.” Cambridge, MA: Harvard University (July 21).

Wigley, T., R. Richels, and J. Edmonds. 1996. “Economic and 
Environmental Choices in the Stabilization of Atmospheric 
CO2 Concentrations.” Nature 379(18): 240-43.

Acknowledgments 

Parts of this paper draw on Stavins, Schatzki, and Jaffe (2007). Helpful research assistance was provided 
by Matthew Ranson, and valuable comments on a previous version were provided by Joseph Aldy, Jason 
Bordoff, Denny Ellerman, Douglas Elmendorf, Jeffrey Frankel, Jason Furman, Lawrence Goulder, Judson 
Jaffe, Nathaniel Keohane, Gilbert Metcalf, Sheila Olmstead, William Pizer, Robert Repetto, and Eric 
Toder. However, the author is responsible for all remaining errors.

http://www.hamiltonproject.org


A U.S. CAp-And-TrAde SySTem To AddreSS GlobAl ClimATe ChAnGe

64 THE HAMILTON PROJECT  |   THE BROOkINgS INSTITUTION

Author

ROBERT N. STAVINS
Robert N. Stavins is the Albert Pratt Professor of Business and Government, John F. Kennedy School 
of Government, Harvard University, Director of the Harvard Environmental Economics Program, 
Director of Graduate Studies for the Doctoral Program in Public Policy and the Doctoral Program in 
Political Economy and Government, Co-Chair of the Harvard Business School-Kennedy School Joint 
Degree Programs, and Co-Director of the Harvard Project on International Climate Agreements.  He 
is a University Fellow of Resources for the Future, a Research Associate of the National Bureau of 
Economic Research, the Editor of the Review of Environmental Economics and Policy, Co-Editor of the 
Journal of Wine Economics, a member of the Board of Directors of Resources for the Future, and of the 
Editorial Boards of several journals.  He was formerly the Chairman of the Environmental Econom-
ics Advisory Committee of the U.S. Environmental Protection Agency’s Science Advisory Board, and a 
Lead Author of the Second and Third Assessment Reports of the Intergovernmental Panel on Climate 
Change.  Professor Stavins’ research has examined diverse areas of environmental economics and policy, 
and his work has appeared in a hundred articles in academic journals and popular periodicals, and 
several books.  He holds a B.A. in philosophy from Northwestern University, an M.S. in agricultural 
economics from Cornell, and a Ph.D. in economics from Harvard.



HAMILTON
THE

PROJECT

Advancing Opportunity, 
Prosperity and Growth

Advisory CounCil

GEORGE A. AkERlOf
koshland Professor of Economics, University of California, 
Berkeley and 2001 Nobel laureate in Economics

ROGER C. AlTmAN
Chairman, Evercore Partners

HOwARD P. BERkOwITz
managing Director, BlackRock 
Chief Executive Officer, BlackRock HPB management

AlAN S. BlINDER
Gordon S. Rentschler memorial Professor of Economics,  
Princeton University

TImOTHy C. COllINS
Senior managing Director and Chief Executive Officer, 
Ripplewood Holdings, llC

ROBERT E. CUmBy
Professor of Economics, School of foreign Service,  
Georgetown University

PETER A. DIAmOND
Institute Professor, massachusetts Institute of Technology

JOHN DOERR
Partner, kleiner Perkins Caufield & Byers

CHRISTOPHER EDlEy, JR.
Dean and Professor, Boalt School of law –  
University of California, Berkeley

BlAIR w. EffRON
Partner, Centerview Partners, llC

JUDy fEDER
Dean and Professor, Georgetown Public Policy Institute

HAROlD fORD
Vice Chairman, merrill lynch

mARk T. GAllOGly
managing Principal, Centerbridge Partners

mICHAEl D. GRANOff
Chief Executive Officer, Pomona Capital

GlENN H. HUTCHINS
founder and managing Director, Silver lake Partners

JAmES A. JOHNSON
Vice Chairman, Perseus, llC and  
former Chair, Brookings Board of Trustees

NANCy kIllEfER
Senior Director, mckinsey & Co.

JACOB J. lEw
managing Director and Chief Operating Officer,  
Citigroup Global wealth management

ERIC mINDICH
Chief Executive Officer,  
Eton Park Capital management

SUzANNE NORA JOHNSON
Senior Director and former Vice Chairman 
The Goldman Sachs Group, Inc.

RICHARD PERRy
Chief Executive Officer, Perry Capital

STEVEN RATTNER
managing Principal, Quadrangle Group, llC

ROBERT REISCHAUER
President, Urban Institute

AlICE m. RIVlIN
Senior fellow, The Brookings Institution and  
Director of the Brookings washington Research Program

CECIlIA E. ROUSE
Professor of Economics and Public Affairs,  
Princeton University

ROBERT E. RUBIN
Director and Chairman of the Executive Committee,  
Citigroup Inc.

RAlPH l. SCHlOSSTEIN
President, BlackRock, Inc.

GENE SPERlING
Senior fellow for Economic Policy, 
Center for American Progress

THOmAS f. STEyER
Senior managing Partner,  
farallon Capital management

lAwRENCE H. SUmmERS
Charles w. Eliot University Professor,  
Harvard University

lAURA D’ANDREA TySON
Professor, Haas School of Business,  
University of California, Berkeley

wIllIAm A. VON mUEfflING
President and CIO, Cantillon Capital management, llC

DANIEl B. zwIRN
managing Partner, D.B. zwirn & Co.
 

JASON fURmAN
Director



The Brookings Institution
1775 Massachusetts Ave., NW, Washington, DC 20036
(202) 797-6279   n   www.hamiltonproject.org

The Brookings Institution

HAMILTON
THE

PROJECT

Advancing Opportunity, 
Prosperity and Growth


	A U.S. Cap-and-Trade System to Address Global Climate Change 
	I. Introduction
	II. A Comprehensive Cap-and-Trade System for  Greenhouse Gases
	III. Economic Assessment of the Proposal
	IV. Comparison of the Cap-and-Trade Proposal with Alternative Proposals
	V. Responses to Common Objections
	VI. Summary and Conclusions
	References


