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Foreword
By Timothy E.  Wirth

Washington, DC
February 5, 2009

When Charles Keeling began measuring carbon dioxide at Mauna 
Loa in 1958, the atmospheric concentration was 315 parts per million 
(ppm). That number represented an increase of 12.5 percent from the 
pre-industrial level of 280 ppm. Fifty years later, it has reached 385 
ppm, and the rate of increase has doubled.

As the Swedish chemist Svante Arrhenius predicted in 1896, those 
increased levels of carbon dioxide or CO2 are warming the surface 
temperature of the Earth. The results are evident all around us. The 
world’s tropical belt has expanded toward the poles by two degrees of 
latitude—as much as had been predicted for the entire 21st century. 
The Greenland ice sheet, which holds enough water to raise global 
sea levels by 20 feet, is melting at an accelerated rate. The Arctic 
Ocean—engine of the Northern Hemisphere’s weather—could be 
 ice-free during the summer within fi ve years.

Civilization was built around the climate we have—along coastlines 
that may be washed away by storms and rising sea levels; around 
farmland and forests that will become less productive as water sup-
plies diminish; at elevations cool enough to escape insect-borne 
disease. Changing the climate puts the very organization of modern 
societies at risk.

We cannot avoid climate change altogether. The effects of our 
actions are already clear. For all practical purposes, they are irrevers-
ible. We can, however, limit the damage, and toward that end, the 
world must act—urgently, dramatically, and decisively.

This important new volume, the product of the Harvard Project on 
International Climate Agreements, recognizes the gravity and com-
plexity of the climate challenge. It attempts to show the way forward 
with a rich variety of contributions from more than two dozen expert 
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authors. Joseph Aldy and Robert Stavins, as editors, have underscored 
design elements for a new international climate regime that meet three 
well-chosen criteria: they must be scientifi cally sound, economically 
rational, and politically pragmatic.

Publication could not be more timely. The world is poised at a hinge 
of history. Civilization’s future rests with decisions yet unmade. Hope 
and fear collide.

Scientists agree that time is running out for concerted action to 
avert the worst consequences of climate change. The process that was 
initiated in Rio de Janeiro in 1992, when agreement was reached on 
the United Nations Framework Convention on Climate Change, must 
now achieve a new level of commitment. For the essential objective of 
the Rio treaty—ratifi ed by the United States and nearly every country 
of the world—was to prevent “dangerous anthropogenic interference 
with the climate system.” Now, physical evidence of climate change 
suggests that point has already been passed. Some climate scientists 
say the world must limit atmospheric CO2 not to 550 ppm (a doubling 
of pre-industrial levels), or to 450 ppm (the number often associated 
with a global warming of 2° C), but to 350 ppm—the level passed 20 
years ago—to avoid irreversible melting of the Greenland ice sheet and 
disastrous sea-level rise.

In December 2007, representatives of 187 countries agreed in Bali 
on a road map to replace the Kyoto Protocol when it runs out in 2012 
and more effectively confront climate change over the long term. Ban 
Ki-moon, the Secretary-General of the United Nations and a new 
voice of global leadership, has made climate change one of his top pri-
orities at the UN. “Today we are at a crossroads,” he said at Bali, “one 
path towards a comprehensive new climate agreement, and the other 
towards a betrayal of our planet and our children. The choice is clear.” 
Ban left the talks, but when they threatened to founder, he returned to 
urge the negotiators on. They listened and adopted a two-year plan for 
reaching a new agreement.

With the inauguration of Barack Obama as US President in January 
2009, the world’s largest economy is prepared to participate construc-
tively again. Many countries are hoping that the United States will 
be the cavalry riding to the rescue; it remains to be seen whether that 
hope is too audacious.

What are the key elements of an agreement? The Bali road map 
identifi es four: mitigation, adaptation, technology, and fi nance. In the 
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parlance of climate negotiations, “mitigation” means reducing green-
house gas emissions and “adaptation” means preparing for climate 
impacts that cannot be avoided. “Technology” refers to the need, not 
just to develop cleaner ways of producing and using energy, but also 
to deploy those technologies on an appropriate scale in rich and poor 
countries alike. “Finance” encompasses both the mechanisms and 
investment fl ows that will enable poor countries to adapt and acquire 
clean energy technologies.

The UN Framework Convention of 1992 established the princi-
ple that countries should engage the climate challenge “on the basis 
of equity and in accordance with their common but differentiated 
responsibilities and respective capabilities.” Developed countries, 
especially the United States, were expected to lead because over many 
years they have contributed the most to the buildup of greenhouse 
gases in the atmosphere. Meaningful engagement of developing 
countries, especially of rapidly industrializing economies like China 
and India, is needed also. All countries must be part of the solution, 
not just the industrialized countries that caused the problem, but the 
poorest countries that will feel its effects most acutely.

The questions of who has what responsibility and when obligations 
will kick in are the central issues in international climate negotia-
tions, and two that will also be critical to the future ratifi cation of any 
new climate protocol in the United States and around the world. We 
must be fl exible enough to recognize and accept the value of diverse 
approaches to the climate challenge.

This collection of essays refl ects that imperative, drawing on schol-
ars from China, India, Japan, and Australia, as well as Europe and the 
United States. There are many good ideas here—too many to summa-
rize briefl y. Particularly useful is the editors’ synthesis in Chapter 29, 
drawing lessons for policymakers from the many contributions. Aldy 
and Stavins point to four potential architectures for agreement. In 
many ways, the four can coexist and support each other:

Binding emissions caps are needed to bring about reductions from • 
major greenhouse gas sources, although some rapidly industrial-
izing countries may have to step up to that responsibility gradually. 
Using formulas to allocate reductions is a promising approach for 
avoiding decisions based simply on politics and power.
Harmonized domestic policies would facilitate effective implemen-• 
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tation of emissions cuts and reduce both the cost of compliance and 
the political resistance to carbon limits.
A system of harmonized carbon taxes would generate revenues • 
equitably to support a comprehensive climate response.
Linked national cap-and-trade systems, based on permit auctions • 
implemented “upstream,” would do the same.

The relationship between these approaches can be seen by consid-
ering how best to encourage technology deployment and economic 
development. Solving the climate crisis will require nothing less than 
a fundamental transformation of global energy systems. In the United 
States, transportation and electricity generation are the two largest 
sources of emissions. In rapidly industrializing nations like China 
and India, power generation, manufacturing, and transportation are 
the fastest-growing sources. A new generation of climate-friendly 
technologies will be needed to reduce emissions quickly and at low 
cost.

The global recession that began in 2008 as a result of turbulence in 
world fi nancial markets creates new barriers, as well as new opportu-
nities for major new investments in clean energy technologies. Falling 
commodity prices, especially for oil, have reduced political pressure 
for immediate action on energy policy even as capital for new projects 
has become much more diffi cult to obtain. The need for substantial 
government spending to revive the economy, on the other hand, pro-
vides a potential stimulus to jump-start the transition to new energy 
technologies.

In the U.S. presidential election of 2008, both major party can-
didates made investment in renewable energy a centerpiece of their 
campaigns, refl ecting the breadth of bipartisan support for a change 
in direction. Research and development are not enough, though—new 
market signals are essential for this technological revolution to succeed. 
The most important step is to put a price on carbon, either through a 
cap-and-trade system or a carbon tax. The purpose is not to penalize 
 consumers with higher energy costs. Rather it is to set the rules of the 
game so that clean technologies can compete with dirty ones—and 
indeed, out-compete them over time. This will lead to a great wave of 
innovation, investment, economic development, and job creation.

Serious action by the United States to signifi cantly reduce its emis-
sions is not only the right thing to do; it is also a precondition for US 
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credibility and global leadership on climate. Without it, other coun-
tries will have a convenient excuse for inaction.

Key steps to reduce emissions will include increased effi ciency, the 
transformation of the transportation sector through advanced  biofuels 
and plug-in hybrids, and the phase-out of conventional coal-fi red 
power generation. Such steps could become the basis for harmonized 
national policies—setting, for example, targets for improvement in 
energy effi ciency and deployment of renewable energy—that could be 
endorsed globally as confi dence-building steps toward a new climate 
agreement.

The US-China relationship is critical to such progress. These coun-
tries are the world’s two largest emitters of greenhouse gases, and 
neither accepted any restrictions under the Kyoto Protocol. China 
continues to resist the idea of binding targets, but on its own has set a 
target of improving the energy effi ciency of its economy by an extraor-
dinary four percent per year. China has also imposed vehicle fuel 
economy standards stricter than those of the United States and plans 
to double its renewable energy capacity (to 15 percent of its overall 
energy supply mix) by the year 2020. These steps could be a model for 
other countries and the basis for voluntary targets, globally agreed.

Developing countries, especially China and India, will account for 
the lion’s share of global emissions growth over the coming years. In 
China alone, as many as 500 million people will join the middle class, 
gaining access to electricity and motorized transportation, in the next 
20 years. In recent years, China has been expanding its coal base at 
the rate of one large new coal-fi red power plant, on average, every 
week, and India aspires to similar economic growth. Getting these 
countries to grow cleanly, therefore, is absolutely essential to climate 
stabilization. The idea of giving handouts to increasingly formidable 
competitors overseas is politically toxic in many developed countries, 
but more robust cooperation in areas of mutual interest—such as 
advancing carbon capture technology for coal plants—would acceler-
ate technology development and deployment to the benefi t of all.

Development and clean energy should go hand in hand—the limi-
tations of the dirty energy path are more manifest by the day—but 
the phrase “technology transfer” has an unfortunate ring. It suggests 
hand-me-downs from rich countries to poor. Instead, nations that are 
technology leaders should collaborate on a new international initia-
tive to facilitate cooperation with developing countries on low-cost, 
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 clean-energy technologies. Working together through regional inno-
vation centers, researchers would adapt these technologies to their 
countries and help them “leapfrog” over climate-damaging business-
as-usual patterns of development, much as the advent of cell phones 
averted a massive buildout of telecommunications infrastructure.

Managing the climate crisis requires new forms of international 
cooperation to reduce global emissions and help vulnerable societies 
adapt. The UN is the appropriate venue for global negotiation and, 
in many cases, the right institution to coordinate and deliver inter-
national response measures. The United States can lead this global 
effort by reducing its own emissions, encouraging other nations to 
implement bold mitigation policies, spurring technological innovation 
at home and abroad, speeding adoption of clean energy technologies 
by rapidly developing nations, and providing adaptation assistance to 
poor nations.

International climate negotiations are complex—to be successful, 
they will require political resolve, creative negotiating,  innovative 
policy mechanisms, stronger global institutions, and additional fi nan-
cial resources. None of this will be easy, but a fl exible and positive 
approach can yield results if it focuses—as the Harvard Project 
does—on solutions that are scientifi cally sound, economically rational, 
and politically pragmatic. The world can afford no less. If this volume 
moves negotiators closer to that goal, Aldy and Stavins and their con-
tributors will have provided value indeed.



1

1 Introduction
Joseph E.  Aldy and Robert N. Stavins1

Diverse aspects of human activity around the world result in  greenhouse 
gas (GHG) emissions that contribute to global climate change. Emissions 
come from coal-fi red power plants in the United States, diesel buses in 
Europe, rice paddies in Asia, and the burning of tropical forests in 
South America. These emissions will affect the global climate for gen-
erations, because most greenhouse gases reside in the atmosphere for 
decades to centuries. Thus, the impacts of global climate change pose 
serious, long-term risks.

Global climate change is the ultimate global-commons problem: 
Because GHGs mix uniformly in the upper atmosphere, damages are 
completely independent of the location of emissions sources. Thus, a 
multinational response is required. To address effectively the risks of 
climate change, efforts that engage most if not all countries will need to 
be undertaken. The greatest challenge lies in designing an international 
policy architecture that can guide such efforts. We take “international 
policy architecture” to refer to the basic nature and structure of an 

1 We are indebted to the twenty-six research teams of the Harvard Project on 
International Climate Agreements who have contributed to this book, as well as 
the Project’s management: Robert Stowe, project manager; Sasha Talcott, com-
munications director; Jason Chapman, project coordinator; Tyler Gumpright, 
project assistant; Susan Lynch, webmaster; and Matthew Ranson, research 
assistant. We are particularly grateful to Rob Stowe, who has managed the 
production of this book—and the overall Harvard Project—from the beginning 
with inspired leadership and unfailing grace and kindness. Marika Tatsutani 
edited the manuscript with skill and insight. We also express our sincere grati-
tude to the Doris Duke Charitable Foundation for providing major funding 
for the Project and Andrew Bowman for his collaboration beginning with the 
Project’s conception. We greatly appreciate additional fi nancial support from 
Christopher Kaneb, the James and Cathleen Stone Foundation, Paul Josefowitz 
and Nicholas Josefowitz, the Enel Endowment for Environmental Economics 
at Harvard University, the Belfer Center for Science and International Affairs at 
the Harvard Kennedy School, and the Mossavar-Rahmani Center for Business 
and Government at the Harvard Kennedy School.
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international agreement or other multilateral (or  bilateral) climate 
regime.2

The Kyoto Protocol to the United Nations Framework Convention 
on Climate Change (UNFCCC) marked the fi rst meaningful attempt 
by the community of nations to curb GHG emissions. This agreement, 
though a signifi cant fi rst step, is not suffi cient for the longer-term 
task ahead. Some observers support the policy approach embodied 
in Kyoto and would like to see it extended—perhaps with modifi -
cations—beyond the fi rst commitment period, which ends in 2012. 
Others maintain that a fundamentally new approach is required.

Whether one thinks the Kyoto Protocol was a good fi rst step or a 
bad fi rst step, everyone agrees that a second step is required. A way 
forward is needed for the post-2012 period. The Harvard Project on 
International Climate Agreements was launched with this imperative 
in mind. The Project is a global, multiyear, multidisciplinary effort 
intended to help identify the key design elements of a scientifi cally 
sound, economically rational, and politically pragmatic post-2012 
international policy architecture for addressing the threat of climate 
change. This book is a product of the Project’s research.

By “scientifi cally sound,” we mean an international agreement that 
is consistent with achieving the objective of stabilizing atmospheric 
concentrations of GHGs at levels that avoid dangerous anthropogenic 
interference with the global climate. By “economically rational,” we 
mean pursuing an approach or set of approaches that are likely to 
achieve global targets at minimum cost—that is, cost-effectively. And 
by “politically pragmatic,” we mean a post-Kyoto regime that is likely 
to bring on board the United States and engage key, rapidly-growing 
developing countries in increasingly meaningful ways over time. As 
Tim Wirth emphasizes in the Foreword to this book, these three  criteria 
are essential for identifying a promising and meaningful path forward.

The Project draws upon leading thinkers from academia, private 
industry, government, and nongovernmental organizations (NGOs) 
around the world. It includes research teams operating in Europe, the 

2 The need for scholars to focus on the development of a long-term climate policy 
architecture was fi rst highlighted by Richard Schmalensee: “When time is meas-
ured in centuries, the creation of durable institutions and frameworks seems 
both logically prior to and more important than choice of a particular policy 
program that will almost surely be viewed as too strong or too weak within a 
decade” (1998, p. 141).
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United States, China, India, Japan, and Australia and has benefi ted 
from meetings with leaders from business, NGOs, and governments in 
many more countries.

The Project originated from a May 2006 workshop at which 
the Harvard Environmental Economics Program brought together 
twenty-seven leading thinkers from around the world with expertise 
in economics, law, political science, business, international relations, 
and the natural sciences. This group developed and refi ned six policy 
frameworks, each of which could form the backbone of a new inter-
national climate agreement. These six frameworks, which range from 
a stronger version of the Kyoto Protocol to entirely new approaches, 
are the subject of our earlier book, published in September 2007 by 
Cambridge University Press and titled Architectures for Agreement: 
Addressing Global Climate Change in the Post-Kyoto World (Aldy 
and Stavins 2007). With these proposals as the starting point, the 
Harvard Project on International Climate Agreements aims to help 
forge a broad-based consensus on a potential successor to Kyoto.

The fi rst stage of our work, which focused on establishing the 
importance of considering alternative architectures for the post-2012 
period, featured wide-ranging and inclusive discussions of the six pro-
posed alternatives, as well as others not addressed in Architectures for 
Agreement. It also featured meetings with government offi cials, business 
leaders, NGOs, and academics around the world. In the second stage 
of the Project, we focused on developing a small menu of promising 
frameworks and key design principles, based upon analysis by leading 
academics from a variety of disciplines—including economics, political 
science, law, and international relations—as well as ongoing commen-
tary from leading practitioners in the NGO community, private indus-
try, and government. Economic analysis has been supplemented with 
political analysis of the implications of alternative approaches, as well 
as legal examinations of the feasibility of various proposals.

From the beginning, there have been no constraints on what may 
emerge from the Project. We have maintained from the outset that 
anything is possible—from highly centralized Kyoto-like architectures 
for all countries to proposals that are outside of the context of the 
UNFCCC, such as proposals for G8+5 or L20 agreements.3 This book 

3 The G8 refers to Canada, France, Germany, Italy, Japan, Russia, the United 
Kingdom, and the United States; in addition, the EU is represented within the 
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draws upon the fi ndings of our diverse research initiatives in Australia, 
China, Europe, India, Japan, and the United States.

Learning from experience: the Kyoto Protocol

It is helpful to refl ect on the lessons that can be learned from examining 
the Kyoto Protocol’s strengths and weaknesses. Among the Protocol’s 
strengths is its inclusion of several provisions for market-based 
approaches that hold promise for improving the cost-effectiveness of a 
global climate regime. We refer, for example, to the well-known fl ex-
ibility mechanisms such as Article 17, which provides for  emissions 
trading among the Annex I countries4 that take on commitments under 
the Protocol. More specifi cally, this provision allows the governments 
of Annex I countries to trade some of the assigned emission allow-
ances that constitute their country-level targets. Second, the Protocol’s 
Joint Implementation provisions allow for project-level trades among 
the Annex I countries. Finally, the Protocol established the Clean 
Development Mechanism (CDM), which provides for the use of 
project-level emission offsets created in non-Annex I countries (the 
developing countries of the world) to help meet the compliance obliga-
tions of Annex I countries.

A second advantage of the Kyoto Protocol is that it provides fl ex-
ibility for nations to meet their national emission targets—their 
commitments—in any way they want. In other words, Article 2 of the 
Protocol recognizes domestic sovereignty by providing for fl exibility at 
the national level. The political importance of this provision in terms 
of making it possible for a large number of nations to reach agreement 
on emission commitments should not be underestimated.

Third, the Kyoto Protocol has the appearance of fairness in that 
it focuses on the wealthiest countries and those responsible for a 
dominant share of the current stock of anthropogenic GHGs in the 

Footnote 3 (cont.)
 G8, but cannot host or chair. The G8�5 refers to the G8 countries plus the fi ve 

leading developing countries—Brazil, China, India, Mexico, and South Africa. 
The L20 refers to the G8�5 nations plus Australia, Argentina, the European 
Union, Indonesia, Korea, Saudi Arabia, and Turkey.

4 We use Annex I and Annex B interchangeably to represent those industrialized 
countries that have commitments under the Kyoto Protocol, though we recog-
nize that a few countries are included in one Annex but not the other.
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atmosphere. This is consistent with the principle enunciated in the 
UNFCCC of “common but differentiated responsibilities and respec-
tive capabilities.”

Fourth and fi nally, the fact that the Kyoto Protocol was signed 
by more than 180 countries and subsequently ratifi ed by a suffi cient 
number of Annex I countries for it to come into force speaks to the 
political viability of the agreement, if not to the feasibility of all coun-
tries actually achieving their targets.

In the realm of public policy, as in our everyday lives, we frequently 
learn more from our mistakes or failures than from our successes. So, 
too, in the case of the Kyoto Protocol. Therefore, we also examine 
some key weaknesses of the Protocol and explore what potentially 
valuable lessons they may hold for the path forward.

First, it is well known that some of the world’s leading GHG 
emitters are not constrained by the Kyoto Protocol. The United 
States—until recently the country with the largest share of global 
emissions—has not ratifi ed and is unlikely to ratify the agreement. 
Also, some of the largest and most rapidly growing economies in the 
developing world do not have emission targets under the  agreement. 
Importantly, China, India, Brazil, South Africa, Indonesia, Korea, 
and Mexico are not listed in Annex B of the Kyoto agreement. Rapid 
rates of economic growth in these countries have produced rapid rates 
of growth in energy use and hence carbon dioxide (CO2)  emissions. 
Together with continued deforestation in tropical countries, the result 
is that the developing world has overtaken the industrialized world in 
total GHG emissions. China’s industrial CO2 emissions have already 
surpassed those of the United States; moreover, China’s emissions are 
expected to continue growing much faster than US emissions for the 
foreseeable future (see Chapter 26 by Blanford, et al.).

These realities raise the possibility that the Kyoto Protocol is not 
as fair as originally intended, especially given how dramatically the 
world has changed since the UNFCCC divided countries into two 
categories in 1992. For example, approximately fi fty non-Annex 
I countries—that is, developing countries and some others—now have 
higher per capita incomes than the poorest of the Annex I countries 
with commitments under the Kyoto Protocol. Likewise, forty non-
Annex I countries ranked higher on the Human Development Index in 
2007 than the lowest ranked Annex I country.



6 Joseph E. Aldy and Robert N. Stavins

A second weakness of the Kyoto Protocol is associated with the 
relatively small number of countries being asked to take action. 
This narrow but deep approach may have been well-intended, but 
one of its effects will be to drive up the costs of producing carbon-
intensive goods and services within the coalition of countries taking 
action. (Indeed, increasing the cost of carbon-intensive activities is 
the intention of the Protocol and is fully appropriate as a means 
to create incentives for reducing emissions.) Through the forces of 
international trade, however, this approach also leads to greater 
comparative advantage in the production of carbon-intensive goods 
and services for countries that do not have binding emissions targets 
under the agreement. The result can be a shift in production and 
emissions from participating nations to non-participating nations—a 
phenomenon known as emission “leakage.” Since leakage implies a 
shift of industrial activity and associated  economic benefi ts to emerg-
ing economies, there is an additional incentive for non-participants 
to free ride on the efforts of those countries that are committed to 
mitigating their emissions through the Protocol’s narrow but deep 
approach.

This leakage will not be one-for-one (in the sense that increased 
emissions in non-Annex I countries would be expected to fully negate 
emission reductions in Annex I countries), but it will reduce the cost-
effectiveness and environmental performance of the agreement, and 
perhaps worst of all, push developing countries onto a more carbon-
intensive growth path than they would otherwise have taken, render-
ing it more diffi cult for these countries to join the agreement later.

A third concern about the Kyoto Protocol centers on the nature of 
its emission trading elements. The provision in Article 17 for interna-
tional emission trading is unlikely to be effective (Hahn and Stavins 
1999). The entire theory behind the claim that a cap-and-trade system 
is likely to be cost-effective depends upon the participants being 
 cost-minimizing entities. In the case of private-sector fi rms, this is a 
sensible assumption because if fi rms do not seek, and indeed succeed 
in, cost minimization, they will eventually disappear, given the com-
petitive forces of the market. But nation-states can hardly be thought 
of as simple cost minimizers—many other objectives affect their deci-
sion making. Furthermore, even if nation-states sought to minimize 
costs, they do not have suffi cient information about  marginal abate-
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ment costs at the multitude of sources within their borders to carry out 
cost-effective trades with other countries.

There is also concern regarding the CDM. This is not a cap-and-
trade mechanism, but rather an emission-reduction-credit system. 
That is, when an individual project results in emissions below what 
they would have been in the absence of the project, a credit—which 
may be sold to a source within a cap-and-trade system—is generated. 
This approach creates a challenge: comparing actual emissions with 
what they would have been otherwise. The baseline—what would 
have happened had the project not been implemented—is unobserved 
and fundamentally unobservable. In fact, there is a natural tendency, 
because of economic incentives, to claim credits precisely for those 
projects that are most profi table and hence would have been most 
likely to go forward even without the promise of credits. This so-
called “additionality problem” is a serious issue. There are ways to 
address it through future restructuring and reform of the CDM; we 
examine some of these options in several chapters of this book.

Fourth, the Kyoto Protocol, with its fi ve-year time horizon (2008 
to 2012), represents a relatively short-term approach for what is 
 fundamentally a long-term problem. GHGs have residence times in 
the atmosphere of decades to centuries. Furthermore, to encourage the 
magnitude of technological change that will be required to meaning-
fully address the threat of climate change it will be necessary to send 
long-term signals to the private market that stimulate sustained invest-
ment and technology innovation (see Chapter 13 by Newell).

Finally, the Kyoto Protocol may not provide suffi cient incentives 
for countries to comply (see Chapter 8 by Barrett). Some countries’ 
emissions have grown so fast since 1990 that it is diffi cult to imagine 
that they can undertake the emission mitigation or muster the political 
will and resources to purchase enough emission allowances or CDM 
credits from other countries to comply with their targets under the 
Protocol. For example, Canada’s GHG emissions in 2006 exceeded 
that country’s 1990 levels by nearly 55 percent, making it very 
unlikely that Canada could comply with an emissions target set at 
6 percent below 1990 levels, averaged over the 2008–2012 commit-
ment period. In short, the enforcement mechanism negotiated for the 
Kyoto Protocol does not appear to induce policy responses consistent 
with agreed-upon targets.
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Alternative policy architectures for the post-kyoto period

In our earlier book, Architectures for Agreement: Addressing Global 
Climate Change in the Post-Kyoto World, we characterized potential 
post-Kyoto international policy architectures as falling within three 
principal categories: targets and timetables, harmonized national poli-
cies, and coordinated and unilateral national policies (Aldy and Stavins 
2007). The policy architectures that have subsequently been examined 
as part of the Harvard Project on International Climate Agreements—
while falling within the same three categories—move substantially 
beyond what was articulated in our 2007 book. Nevertheless, an 
overview of international policy architectures through the lens of these 
three categories, together with some concrete examples, is helpful.

The fi rst category—targets and timetables—is the most familiar. 
At its heart is a centralized international agreement, top-down in 
form. This is the basic architecture underlying the Kyoto Protocol: 
essentially country-level quantitative emission targets established over 
speci fi ed time frames. An example of an approach that would be 
within this realm of targets and timetables, but would address some 
of the perceived defi ciencies of the Kyoto Protocol, would be a regime 
that established emission targets based on formulas rather than 
specifi ed fi xed quantities (see Chapter 2 by Frankel). In lieu of ad 
hoc negotiations over emission caps, this formula approach would 
establish principles that can be translated into quantitative metrics for 
determining emission obligations. These formulas could be structured 
to have some of the appealing properties of indexed growth targets: 
setting targets as a function of a country’s gross domestic product 
(GDP) per capita, for example. As countries became wealthier, their 
targets would become more stringent.5 Conversely, when and if 
 countries faced diffi cult economic periods, the stringency of their 
targets would be automatically reduced.

Such an approach does not divide the world simply into two cat-
egories of countries, as in the Kyoto Protocol. Rather, it allows for 

5 Such a mechanism was proposed by Frankel (2007) and is similar to the gradua-
tion mechanism proposed by Michaelowa (2007). As developing countries realize 
growth in per capita income and per capita emissions on a par with Annex I 
countries, they would be expected to take on binding emission targets. In the 
current volume, Chapters 2 (Frankel), 3 (Ellerman), 17 (Karp and Zhao), and 18 
(Cao) provide examples of the targets-and-timetables approach.
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a continuous differentiation among the countries of the world while 
including all of them. In this way, it reduces if not eliminates problems 
of emission leakage, yet still addresses the key criterion of distribu-
tional equity and does so in a more careful, sophisticated manner.

The second category—harmonized domestic policies—focuses 
more on national policy actions than on goals and is less central-
ized than the fi rst set of approaches. In this case, countries agree on 
similar domestic policies. This refl ects the view that national govern-
ments have much more control over their countries’ policies than 
over their emissions. One example is a set of harmonized national 
carbon taxes (see Chapter 5 by Cooper).6 With this approach, each 
participating country sets a domestic tax on the carbon content of 
fossil fuels, thereby achieving cost-effective control of emissions 
within its borders. Taxes would be set by nations, and nations would 
have complete discretion over the revenues they generate. Countries 
could design their tax policies to be revenue-neutral—for example, by 
returning the revenues raised to the economy through proportional 
cuts in other, distortionary taxes, such as those on labor and capital. 
In order to achieve global cost-effectiveness, carbon taxes would need 
to be set at the same level in all countries. This would presumably not 
be acceptable to the poorer countries of the world. Therefore, signifi -
cant side deals would most likely need to accompany such a system 
of harmonized carbon taxes to make it distributionally equitable and 
hence politically feasible. This could take the form of large fi nancial 
transfers through side payments from the industrialized world to the 
developing world, or agreements in the trade or development agenda 
that effectively compensate developing countries for implementing 
carbon taxes.

The third and fi nal category that we have used to classify potential 
post-Kyoto climate policy architectures is coordinated and unilat-
eral national policies. This category includes the least centralized 
approaches that we have considered—essentially bottom-up policies 
that rely on domestic politics to drive incentives for  participation 

6 McKibbin and Wilcoxen (2007) advance the idea of parallel, unlinked domestic 
cap-and-trade programs as a way to move forward in international climate 
policy. They recommend a harmonized safety-valve price mechanism in their 
domestic cap-and-trade programs. In this book, Chapters 5 (Cooper), 4 (Jaffe 
and Stavins), and 7 (Sawa) provide examples of harmonized domestic policies.
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and compliance (Pizer 2007).7 Although these approaches are the 
least centralized, they should not be thought of as necessarily the 
least effective. One example of a bottom-up approach—linking 
 independent national and regional tradable permit systems—may 
already be  evolving (see Chapter 4 by Jaffe and Stavins).

The Bali road map and the path ahead

At the December 2007 UN-sponsored climate change talks in Bali, 
Indonesia (COP 13), the international community reached agreement 
on the Bali Action Plan, a two-year road map to guide the negotiation 
of a framework that builds on and succeeds the Kyoto Protocol. This 
road map identifi es many important issues that merit consideration 
and resolution in the design of an international climate policy archi-
tecture. While the Bali Action Plan is intended to yield an international 
framework at the 2009 climate change talks in Copenhagen, Denmark 
(COP 15), the road map also provides something of a framework for 
the international climate policy debate—and thus for actions under-
taken domestically by participating countries—for some years beyond 
the Copenhagen meetings.

The research program pursued by the Harvard Project on 
International Climate Agreements addresses key issues in the Bali road 
map with the aim of informing the design and evaluation of various 
policies that would be included in the next international climate 
regime. Specifi cally, Harvard Project research teams have brought 
their scholarship to bear on each of the fi ve major elements of the Bali 
Action Plan: a long-term global climate policy goal, emission mitiga-
tion, adaptation, technology transfer, and fi nancing.

The Bali road map calls for a “shared vision for long-term coopera-
tive action” that would include “a long-term global goal for emission 
reductions” as a means to implement the ultimate objective of the 
UNFCCC. The issue of setting long-term goals has received consider-
able attention from policymakers around the world. While we believe 
that the selection of a long-term global climate policy goal does not fall 
within the domain of scholars but rather should be decided by national 
leaders, our work can inform the identifi cation and review of various 

7 Chapters 4 (Jaffe and Stavins) and 8 (Barrett) describe examples of the third 
type of architecture: bottom-up, coordinated and unilateral national policies.
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long-term emission objectives. The research undertaken for this 
project and in writing Architectures for Agreement identifi es a variety 
of means for constructing a long-term international climate policy 
architecture—for example, Bosetti, et al. in Chapter 23 evaluate the 
long-term GHG concentration and temperature implications of half a 
dozen approaches to climate policy. Additional analyses highlight the 
challenge of achieving long-term, stabilization targets with  incomplete 
participation (Chapter 24 by Jacoby, et al., and Chapter 26 by 
Blanford, et al.) as well as the need to improve the technology options 
available for achieving ambitious long-term emission- reduction goals 
(Chapter 25 by Clarke, et al.).

The role of emission mitigation continues to be central in inter-
national climate change negotiations. The Bali Action Plan calls 
for “mitigation commitments or actions” by developed countries 
and “mitigation actions” by developing countries, the latter with 
support for capacity-building and technology transfer from developed 
countries. In both cases, mitigation efforts should be “measurable, 
report able, and verifi able,” a requirement that is addressed by Project 
research aimed at evaluating various kinds of metrics for assessing 
mitigation activities (Chapter 10 by Fischer and Morgenstern) and at 
describing a surveillance institution that can independently review the 
comparability of effort among participating countries.

The Bali road map provides guidance for these efforts by identify-
ing several specifi c forms of mitigation, including reducing deforest-
ation and emissions from changes in land use, an issue investigated 
by Plantinga and Richards in Chapter 22. Sectoral approaches to 
mitigating emissions also receive attention in the Bali road map; 
accordingly, Sawa in Chapter 7 and Barrett in Chapter 8, among 
others, explore the prospects and pitfalls of a sector-specifi c approach. 
Finally, the  negotiators in Bali also agreed on the general proposi-
tion that  market-based approaches should be pursued—an issue that 
receives attention in many contributions to this project (Chapter 6 by 
Agarwala, Chapter 5 by Cooper, Chapter 3 by Ellerman, Chapter 2 
by Frankel, Chapter 4 by Jaffe and Stavins, Chapter 17 by Karp and 
Zhao, and Chapter 12 by Keohane and Raustiala).

The Kyoto Protocol only mentions the word “adaptation” twice. 
In contrast, the Bali road map elevates the importance of this issue. 
Several contributors to this book recognize the need to effectively 
integrate climate change and economic development in the design 
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of future climate change policy, including Cao (Chapter 18), Hall, 
et al. (Chapter 21), Somanathan (Chapter 19), and Victor (Chapter 
20). For example, Barrett (Chapter 8) argues that efforts to transfer 
resources and facilitate the development of capacity in develop-
ing countries should play an important role in the next climate 
agreement. Newell (Chapter 13) points out that efforts to promote 
technological  innovation can address adaptation needs while also 
identifying new ways to lower the cost of emission mitigation. 
Others maintain that promoting economic development, diversifying 
economic activity, and improving economic resilience, especially in 
agriculture, should guide climate change policy for the least devel-
oped countries.

The Bali road map also focuses on the need to enhance technology 
transfer to developing countries. Given the rapid growth of emissions 
in these countries, technology transfer is needed to promote a more 
climate-friendly trajectory for economic development. The Harvard 
Project has explored potential reforms of the CDM that would focus 
on moving more technologies to developing countries (Teng, et al. 
in Chapter 15); it has also examined options for the design of clean 
technology funds oriented to developing countries (Hall, et al. in 
Chapter 21, Keeler and Thompson in Chapter 14). Of course, the 
success of technology transfer will depend on the development of new 
technologies—an issue addressed by Newell in exploring the potential 
for policy to induce more innovation on climate-friendly technologies 
(Chapter 13). Along all of these dimensions of action—mitigation, 
adaptation, and technology transfer—the Project has assessed oppor-
tunities to fi nance a serious and suffi cient climate policy program as 
called for in the Bali Action Plan.

Finally, the Harvard Project has also advanced research on impor-
tant issues that, while not identifi ed in the Bali road map, are critical 
to the design of a successful, post-2012 international climate policy 
architecture. This includes analysis of the equity implications of inter-
national climate agreements (Posner and Sunstein in Chapter 11); pos-
sible means for promoting compliance with internationally-negotiated 
commitments (Keohane and Raustiala in Chapter 12); avenues for 
structuring a dynamic, robust series of negotiations that can facilitate 
broad participation and agreement (Harstad in Chapter 9); and trade-
climate interactions that could enhance an international climate policy 
agreement (Frankel in Chapter 16).



Introduction 13

Implementing architectures for agreement

This book is divided into seven sections: (1) alternative international 
policy architectures; (2) negotiation, assessment, and compliance; 
(3) the role and means of technology transfer; (4) global climate 
policy and international trade; (5) economic development, adaptation, 
and deforestation; (6) modeling impacts of alternative  allocations of 
responsibility; and (7) synthesis and conclusion.

Part I—alternative international policy architectures

Each of the seven chapters that make up Part I of this book proposes 
and assesses a specifi c post-Kyoto international policy architecture. 
We begin, in Chapter 2, with a proposal by Jeffrey Frankel of Harvard 
University for “Specifi c Formulas and Emission Targets for All 
Countries in All Decades” that builds on the foundation of the Kyoto 
Protocol, but strengthens it in important ways. Frankel’s approach 
attempts to solve the most serious defi ciencies of Kyoto: the absence of 
long-term targets, the non-participation of the United States and key 
developing countries, and the lack of motivation for countries to abide 
by their commitments. Frankel’s plan—which refl ects political as well 
as scientifi c and economic considerations—uses formulas to set emis-
sion caps for all countries through the year 2100. The methodology is 
designed to yield caps that give every country reason to feel that it is 
only doing its fair share, and it is fl exible enough that it can accommo-
date major changes in circumstances during the course of the century.

In Chapter 3, Denny Ellerman of the Massachusetts Institute of 
Technology posits that the European Union Emission Trading Scheme 
(EU ETS) can serve as a prototype for a global policy architecture. 
Ellerman draws on the fi rst four years of experience with the EU ETS 
to develop insights about the challenges that can be expected to emerge 
in a broader program and suggest potential solutions. Interestingly, 
the problems that are often seen as most intractable for a global 
trading system—institutional readiness and public acceptance—have 
not appeared in Europe. Rather, Ellerman fi nds the greater challenges 
may lie in developing an effective centralized authority, devising side 
benefi ts to encourage participation, and dealing with the interrelated 
issues of harmonization, differentiation, and stringency. The EU ETS is 
not perfect, nor does it provide a perfect prototype for a global system, 
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which would surely diverge in important respects from the European 
model. Nevertheless, Ellerman concludes that the EU example is likely 
to continue to be highly instructive as policymakers consider the larger 
and more diffi cult tasks that lie ahead.

Chapter 4 continues the focus on tradable permit systems, but 
does so in the context of a potential decentralized, bottom-up 
global climate policy architecture. Judson Jaffe of Analysis Group 
and Robert Stavins of Harvard assess “Linkage of Tradable Permit 
Systems in International Policy Architecture.” The authors note 
that tradable permit systems are emerging as a preferred policy tool 
for reducing GHG emissions in many countries around the world. 
Because linking systems can reduce compliance costs and improve 
market liquidity, there is great interest in doing so. Jaffe and Stavins 
examine the benefi ts and concerns associated with linkage and 
analyze the near-term and long-term roles that linkage may play 
in a future international climate policy architecture. They fi nd that 
in the near term, indirect linkages of cap-and-trade systems via a 
common emission-reduction-credit system could achieve meaning-
ful cost savings and risk diversifi cation without the need for much 
harmonization among systems. In the longer term, international 
negotiations could establish shared environmental and economic 
expectations that could serve as the basis for a broad set of direct 
links among cap-and-trade systems.

In Chapter 5, we move from global policy architectures based on 
tradable permit systems to a distinctly different approach, namely 
a system of harmonized domestic carbon taxes. In “The Case for 
Charges on Greenhouse Gas Emissions,” Richard Cooper of Harvard 
proposes a world-wide tax on emissions of GHGs from all sources. 
This approach is premised on the notion that seriously address-
ing GHG emissions requires a global approach, not one limited to 
today’s rich countries. Levying a charge on CO2 raises the price 
of CO2-emitting activities, including fossil-fuel use, and thus is the 
most direct method of infl uencing consumer and industrial behavior 
around the world. The charge would be internationally adjusted from 
time to time, and each country would collect and keep the revenue it 
generates. A carbon tax integrated in an existing tax system may be 
easier to implement, from an institutional perspective, than alternative 
mitigation policies in some developing countries with weak regulatory 
bureaucracies and rule of law.
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A developing-country perspective is introduced in Chapter 6 
by Ramgopal Agarwala of Research and Information System for 
Developing Countries in New Delhi, India. Starting from the obser-
vation that there has been little progress toward a global consensus 
on climate policy despite growing awareness of the risks of inac-
tion, Agarwala argues that fundamental differences of perspective 
between developed and developing countries may impede progress 
toward a new agreement for quite some time. With this in mind, 
Agarwala presents an approach intended to reconcile the positions 
of developing and developed countries. After describing why the 
Kyoto Protocol satisfi es none of the key criteria for a credible global 
compact, the author posits four fundamentals for a future climate 
agreement: fi rst, it should set realistic targets designed to stabilize 
global CO2 emissions at 2008 levels until 2050 and achieve a 50 
percent reduction by 2100; second, it should set appropriate carbon 
prices by eliminating subsidies to emitters (particularly energy sub-
sidies) and establishing a carbon tax; third, it should support the 
development and dissemination of carbon-saving technologies; and 
fourth, it should be negotiated within the United Nations, but should 
be implemented using institutions such as the International Monetary 
Fund and World Bank.

Yet another approach to global climate policy is proposed in 
Chapter 7. Akihiro Sawa of the University of Tokyo describes 
“Sectoral Approaches to a post-Kyoto International Climate Policy 
Framework.” A number of authors and policymakers from industrial-
ized and developing countries have proposed sectoral approaches to 
a future international agreement. Though there is signifi cant varia-
tion in the details, most of these proposals would determine overall 
emission targets by estimating and aggregating sector-level reduction 
potentials based on a technology analysis. This is unlike the Kyoto 
Protocol, in which economy-wide emission commitments are negoti-
ated from the top down. Sawa reviews the pros and cons of sectoral 
approaches and proposes a specifi c example for the post-2012 period. 
He concludes that a sectoral approach may help solve some of the 
problems of the Kyoto Protocol, but that some issues—including 
lower cost-effectiveness compared to an economy-wide approach, the 
diffi culty of collecting the data needed to make a technology-based 
assessment of reduction potential, and the complexity of sector-level 
negotiations—remain unresolved.
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Part I concludes with an approach that departs dramatically from 
the tradition of the Kyoto Protocol, namely “A Portfolio System of 
Climate Treaties,” by Scott Barrett of Columbia University. Rather 
than attempting to address all sectors and all types of GHGs under 
one unifi ed regime, Barrett argues in Chapter 8 for a system of linked 
international agreements that separately address different sectors 
and gases, as well as key issues (such as adaptation and technology 
research and development) and last-resort remedies (such as geoen-
gineering). Barrett concludes that his proposed multitrack climate 
treaty system is not perfect, but could nevertheless offer important 
advantages over the current approach. In particular, by avoiding 
the enforcement problems of an aggregate approach and by taking a 
broader view of risk reduction, the portfolio approach could provide a 
more effective and fl exible response to the long-term global challenge 
posed by climate change.

Part II—negotiation, assessment, and compliance

The remainder of the book focuses on specifi c issues of design that are 
important, no matter the climate policy architecture that is ultimately 
chosen. In fact, the ideas on various design elements in the remaining 
sections of this volume (Parts II through VII) could be aggregated to 
serve as the basis for an international agreement. Alternatively, some 
of these ideas complement the architectures described in Part I and 
could be integrated with these core proposals. Part II consists of four 
chapters that examine three closely-related topics: the negotiation 
process; how to assess commitments and compliance; and how to 
think about distributional equity and fairness.

In Chapter 9, Bård Harstad of Northwestern University describes 
“How to Negotiate and Update Climate Agreements,” starting from 
the premise that the outcome of negotiations depends on the bargain-
ing rules. Drawing on a game theoretic analysis, Harstad proposes 
seven bargaining rules that would facilitate agreement on a post-2012 
climate treaty: fi rst, harmonization or formulas should be used to cal-
culate national obligations and contributions; second, a future climate 
treaty should have a long time horizon; third, the treaty should specify 
the default outcome if the (re)negotiation process breaks down, and 
this default outcome should be an ambitious agreement; fourth, 
investments in R&D, or trade in abatement technology, should be 
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subsidized internationally; fi fth, unanimity requirements—where they 
exist—should be replaced by a majority or a supermajority rule when 
it comes to treaty amendments; sixth, linkage to international trade 
agreements makes each of the rules more credible and effi cient; and 
seventh, a “minimum participation rule” can discourage free riding.

Developing effective strategies to address climate change will require 
collective effort on the part of many countries over an extended time 
horizon and across a range of activities. Therefore, a key  challenge 
for the international community will be to compare and judge 
 different national commitments. In Chapter 10, Carolyn Fischer and 
Richard Morgenstern of Resources for the Future take on this topic 
in “Metrics for Evaluating Policy Commitments in a Fragmented 
World: The Challenges of Equity and Integrity.” Because diverse 
actions by different nations will be an unavoidable part of future 
climate policy, it will be critical in international negotiations to have 
some means of  discussing in a coherent and broadly accepted manner 
about what  individual nations are doing to help reduce climate risk. 
Various metrics for evaluating individual nations’ policy commitments 
and performance are considered by Fischer and Morgenstern, who 
conclude that no single metric can adequately and fully address the 
complex issues of equity and the integrity of climate change mitigation 
measures. Rather, a suite of metrics will inevitably be required.

Clearly, climate change raises diffi cult issues of justice, particularly 
with respect to the distribution of burdens and benefi ts among poor 
and wealthy nations. Chapter 11, by Eric Posner of the University 
of Chicago and Cass Sunstein of Harvard University, examines this 
important topic. In “Justice and Climate Change,” these authors focus 
on the narrower question of how to allocate GHG emission rights 
within a future international cap-and-trade system. However, the 
questions they address apply equally to a variety of other mechanisms 
for allocating cost burdens internationally. They identify shortcom-
ings in an approach that is often advanced on fairness grounds—a per 
capita allocation in which emissions permits are distributed to nations 
on the basis of population. Although Posner and Sunstein acknowl-
edge that allocations based on population or on redistributing wealth 
are generally more equitable than allocations that award permits on 
the basis of current emissions, they maintain that a per capita alloca-
tion would not—in practice—satisfy objectives of fairness and welfare 
redistribution. Rather, if the goal is a more equal distribution of 
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wealth, an approach that is openly redistributive is better than a per 
capita allocation.

Ultimately, an international climate agreement will be of no value 
without suffi cient participation and compliance by signatories. This 
is one of the lessons of the Kyoto Protocol. In Chapter 12, Robert 
Keohane of Princeton University and Kal Raustiala of the University 
of California at Los Angeles begin with the proposition that a suc-
cessful climate change regime must secure suffi cient participation, 
achieve agreement on meaningful rules, and establish mechanisms 
for  compliance. Moreover, it must do so in a political environment 
of sovereign states with differing preferences and capabilities. In 
“Toward a Post-Kyoto Climate Change Architecture: A Political 
Analysis,” Keohane and Raustiala address the trade-off between par-
ticipation and stringency by proposing an “economy of esteem for 
climate change,” in which participation is encouraged by a system of 
prizes for politicians who take leadership on this issue. They argue 
that, contrary to provisions in the Kyoto Protocol, only a system of 
buyer liability (rather than seller or hybrid liability) in an international 
permit trading regime is consistent with existing political realities and 
will promote compliance. Drawing analogies to international bond 
markets, they propose a system of buyer liability that would endog-
enously generate market arrangements, such as rating agencies and 
fl uctuations in the price of emissions permits according to perceived 
risk. These features would in turn create incentives for compliance 
without resorting to ineffective interstate punishments.

Part III—the role and means of technology transfer

Achieving long-term, climate change policy goals will require  dramatic 
progress in the innovation and deployment of energy-effi cient and 
low-carbon technologies (Aldy and Stavins 2008). Policies that directly 
facilitate technology innovation and diffusion will therefore need to 
play a central role, alongside policies targeted directly at reducing 
emissions. This is the focus of the three chapters that make up Part III 
of this volume.

In Chapter 13, Richard Newell of Duke University takes a 
broad  perspective, proposing a portfolio of “International Climate 
Technology Strategies” within the context of international agreements 
and institutions for climate, energy, trade, development, and intel-
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lectual property. First, Newell notes that long-term national commit-
ments and policies for emission mitigation are crucial to providing the 
necessary private-sector incentives for technology development and 
transfer. Financial assistance to developing countries for technology 
transfer and capacity building will also be necessary. Tariff and non-
tariff barriers to the transfer of climate-friendly technologies can be 
reduced through a World Trade Organization (WTO) agreement on 
trade in environmental goods and services. To support the upstream 
supply and transfer of technology innovations internationally, Newell 
proposes strategies to increase and more effectively coordinate public 
funding of R&D, as well as strategies to resolve impediments to 
knowledge transfer. The result is a portfolio of strategies for reducing 
barriers and increasing incentives for innovation across international 
agreements and institutions.

An agenda focused on technology transfer is laid out in Chapter 14 
by Andrew Keeler and Alexander Thompson of Ohio State University, 
“Mitigation through Resource Transfers to Developing Countries: 
Expanding Greenhouse Gas Offsets.” Keeler and Thompson propose 
a more expansive approach to offsets that would meet the different 
objectives of industrialized and developing countries while providing 
substantial support for long-term investments and policy changes to 
reduce GHG emissions in the developing world. Their approach con-
sists of fi ve elements: (1) change the criteria for offsets from “real, veri-
fi able, and permanent reductions” to “actions that create real progress 
in developing countries toward mitigation and adaptation”; (2) make 
a signifi cant share of industrialized country commitments achievable 
through offset payments to developing countries; (3) sell a portion of 
offset credits up front and put the proceeds in a fund to make invest-
ments in projects in the developing world; (4) focus international 
negotiations on guidelines for an international offsets program; and 
(5) delegate tasks to new and existing institutions for the purpose of 
managing the offsets program.

In Chapter 15, titled “Possible Development of a Technology 
Clean Development Mechanism in the Post-2012 Regime,” Fei Teng, 
Wenying Chen, and Jiankun He, of Tsinghua University in Beijing, 
offer a proposal that is parallel to the Keeler and Thompson proposal, 
but that fi ts within the context of an enhanced CDM. Starting from 
the premise that it will be essential to transfer climate-friendly technol-
ogies from developed to developing countries, the authors propose an 
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enhanced CDM regime with a specifi c emphasis on technology trans-
fer. This enhanced regime would have three features: fi rst,  technology 
transfer must be identifi ed as a goal before any activities are approved 
and implemented; second, only projects that use technology trans-
ferred under the program can receive credit for emissions reductions; 
and third, credits would be shared by the technology provider or by 
the government of the host country if the technology provider or 
 host-country government support or enable the transfer, as well as 
offer discounted or even free licensing.

Part IV—global climate policy and international trade

Global efforts to address climate change could be on a collision 
course with global efforts through the WTO to reduce barriers to 
trade. Such a collision would be terrible news—both for free trade 
and for climate protection. In Chapter 16, “Global Environment and 
Trade Policy,” Jeffrey Frankel of Harvard University fi rst examines 
the broad question of whether environmental goals in general are 
threatened by free trade and the WTO, before turning to the nar-
rower question of whether trade policies that could be included in 
various national efforts to address climate change are likely to come 
into confl ict with WTO rules. Frankel notes that future national-level 
policies to address climate change are likely to include provisions that 
target carbon-intensive products from countries deemed to be making 
inadequate efforts. These provisions need not violate sensible trade 
principles and WTO rules, but there is a danger that in practice they 
will. Frankel describes the characteristics of future national policies 
that would likely confl ict with WTO rules and could provide cover for 
protectionism—he also describes the characteristics of future national 
policies that would likely be WTO-compatible. Frankel concludes that 
in the long term, a multilateral regime is needed to guide the develop-
ment of trade measures intended to address concerns about leakage 
and competitiveness in a world where nations have different levels of 
commitment to GHG mitigation.

In Chapter 17, “A Proposal for the Design of the Successor to 
the Kyoto Protocol,” Larry Karp of the University of California at 
Berkeley and Jinhua Zhao of Michigan State University examine how 
international trade mechanisms can be made part of a future climate 
agreement. In their proposal, nations with mandatory  emissions 
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ceilings would have the option to reduce their abatement commit-
ments in exchange for either paying a monetary fi ne or accepting 
trade sanctions imposed by other signatory nations. In addition to 
the potential use of trade sanctions, trade reforms could be used to 
achieve climate-related objectives. Specifi cally, these authors support 
the use of  carefully circumscribed border tax adjustments to protect 
against leakage. They maintain that such adjustments—if thoughtfully 
and carefully applied—can create effective incentives for countries to 
participate in a future agreement.

Part V—economic development, adaptation, and 
deforestation

Developing countries have a key role to play in efforts to address 
climate change—both because they could be strongly affected by 
future damages and because they account for an increasing share 
of global emissions. For this reason, the links between international 
climate policy and economic development are enormously important. 
Policies to facilitate adaptation and reduce the rate of deforestation, 
in particular, are critical for developing countries. Because of the great 
signifi cance of this set of issues in the post-Kyoto international climate 
policy debate, we include fi ve chapters on economic development, 
adaptation, and deforestation in this part of the book.

In Chapter 18, Jing Cao of Tsinghua University provides a Chinese 
perspective on “Reconciling Human Development and Climate 
Protection.” Describing an approach that shares much with the 
proposal in Chapter 2 by Jeffrey Frankel, Cao seeks to offer a fair 
and effi cient policy architecture for the post-2012 era, with the hope 
of breaking through what she characterizes as the current political 
impasse between developed and developing countries. Cao’s proposed 
approach engages developing countries gradually, through four stages: 
in the fi rst stage, all countries agree on a path of future global emissions 
that leads to an acceptable long-term stabilization goal; in the second 
stage, developing countries focus on “no regrets” mitigation options; 
in stage three, developing countries take on moderate emission targets; 
and in the fi nal stage, all countries agree to binding emission targets.

Chapter 19, by E. Somanathan of the Indian Statistical Institute 
in New Delhi, offers a perspective from India: “What Do We Expect 
from an International Climate Agreement? A Perspective from a 
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 Low-Income Country.” Somanathan recognizes that an effective 
solution to the climate change problem will require the cooperation 
of developing countries. However, he argues that it is neither feasi-
ble nor desirable to pursue near-term GHG reductions within these 
countries or emissions trading between developed and developing 
countries. Arguing that technology improvements are needed to give 
all countries, including developing countries, a realistic opportunity 
to cost-effectively cut their CO2 emissions, Somanathan maintains 
that a post-2012 international climate agreement should focus on 
creating incentives for research and development to advance new 
climate-friendly technologies. Indeed, he indicates that an interna-
tional agreement involving developing countries should confi ne itself 
to promoting technical cooperation.

David Victor of Stanford University, writing in Chapter 20, takes 
a different approach to engaging developing countries. He proposes 
“Climate Accession Deals: New Strategies for Taming Growth of 
Greenhouse Gases in Developing Countries.” This approach builds 
on two premises: fi rst, that developing nations value economic growth 
far more than they value future global environmental conditions, and 
second, that many governments of developing nations lack the admin-
istrative ability to control emissions. With Victor’s proposal, climate 
accession deals would be negotiated on a country-by-country basis, 
with an individual accession deal consisting of a set of policies that are 
tailored to gain maximum leverage on a single developing  country’s 
emissions, while still being aligned with its interests and capa-
bilities. Industrialized countries would support each accession deal 
by providing specifi c benefi ts, such as fi nancial resources, technology, 
admin istrative training, or security guarantees. According to Victor, 
accession deals could have several advantages: fi rst, they would be 
anchored in host countries’ interests and capabilities; second, they 
could yield a signifi cant degree of leverage while minimizing external 
investment; third, they would engage private enterprise and govern-
ment ministries other than environmental and foreign affairs minis-
tries; and fourth, accession deals would be replicable and scalable.

Chapter 21, by Daniel Hall of Resources for the Future, Michael 
Levi of the Council on Foreign Relations, William Pizer, now with the 
US Treasury Department, and Takahiro Ueno of the Central Research 
Institute of the Electric Power Industry in Tokyo offers a broad 
approach to “Policies for Developing Country Engagement.” These 
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authors maintain that because no single approach offers a sure path 
to success for securing developing-country participation, a variety of 
strategies—including policy reforms, fi nancing approaches, and diplo-
matic venues—must be pursued in parallel. In their view, post-Kyoto 
international climate negotiations are likely to focus on a “grand 
bargain” with developing countries, offering some form of commit-
ments in exchange for further emission reductions and increased 
fi nancing from developed countries. Developing country commitments 
could take the form of domestic policy reforms, sectoral targets, or 
even economy-wide limits (for higher-income developing countries). 
These authors conclude that forging a new climate agreement that 
reduces global emissions and provides support to poor countries will 
be very diffi cult, but without it there is virtually no chance of stabiliz-
ing GHG concentrations at an acceptable level.

Chapter 22 turns to the reality that changes to forests worldwide 
can have enormous impacts on the global carbon cycle. Because 
of this, Andrew Plantinga of Oregon State University and Kenneth 
Richards of Indiana University argue—as do increasing numbers of 
scholars and policymakers—that forest carbon management ought 
to be an element of the next international agreement on climate 
change. In “International Forest Carbon Sequestration in a Post-
Kyoto Agreement,” they propose a “national inventory” approach, 
in which nations receive credits or debits for changes in forest cover 
relative to a measured baseline. Nations would conduct periodic 
inventories of their forest carbon stock, and the measured stock would 
be compared with a pre-negotiated baseline to determine offset credits 
that could be redeemed, or debits that must be covered, in a tradable 
permit market. With this approach, national governments, rather 
than project developers, would pursue carbon sequestration activities 
through the implementation of domestic policies.

Part VI—modeling impacts of alternative allocations of 
responsibility

Clearly, negotiations on a post-Kyoto international climate regime will 
be driven in large part by the perspectives of individual countries that 
are primarily concerned about the impacts of any future agreement 
on their own economies and societies. Just as no single individual 
or institution has cornered the market on wisdom regarding the best 
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architecture for a post-Kyoto climate policy, so too has no single 
economic model captured all dimensions and concerns regarding the 
consequences of alternative allocations of responsibility. Hence, the 
sixth part of the book includes fi ve separate chapters that report on 
the modeling results obtained by research teams on three continents.

In Chapter 23, “A Quantitative and Comparative Assessment of 
Architectures for Agreement,” Valentina Bosetti, Carlo Carraro, 
Alessandra Sgobbi, and Massimo Tovoni, all of the Fondazione Eni 
Enrico Mattei in Italy, provide a comparison of eight prominent 
options: global cap-and-trade with redistribution; global tax recycled 
domestically; reducing emissions from deforestation and degrada-
tion; climate clubs; burden sharing; graduation; dynamic targets; and 
R&D and technology development. They assess these architectures 
in terms of four criteria: economic effi ciency, environmental effec-
tiveness, distributional implications, and political acceptability, as 
measured by feasibility and enforceability. The authors conclude, 
fi rst, that achieving a stabilization target of 450 parts per million 
(ppm) for the atmospheric concentration of CO2 only (550 ppm for 
all GHGs in CO2-equivalent terms) will be exceptionally diffi cult to 
achieve. However, a strategy of progressive commitments—in which 
consensus is reached on future binding targets for developing coun-
tries, but developed countries take action fi rst—can achieve CO2 
stabilization very close to 450 ppm. Second, an extended—possibly 
global—carbon market, even without global commitments to reduce 
emissions, will greatly help to reduce costs, as will the inclusion of 
non-CO2 gases and credits for avoided deforestation. However, a 
basic trade-off between economic impact and environmental protec-
tion remains.

In Chapter 24, Henry Jacoby, Mustafa Babiker, Sergey Paltsev, 
and John Reilly of the Massachusetts Institute of Technology write 
about “Sharing the Burden of GHG Reductions.” They use the MIT 
Emissions Prediction and Policy Analysis (EPPA) model to estimate 
the welfare and fi nancial implications of various cost and emission-
reduction outcomes. They fi nd that a target of reducing global emis-
sions 50 percent by 2050, while it can be done in a way that meets 
reasonable equity targets, is extremely ambitious and would require 
large fi nancial transfers from developed to developing countries. The 
authors conclude that the combination of aggressive targets with 
expectations of incentives and compensation for the developing coun-
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tries may not refl ect suffi cient regard for the diffi culty of fi nding a 
mutually acceptable way to share the economic burden.

Writing in Chapter 25, Leon Clarke, Kate Calvin, Jae Edmonds, Page 
Kyle, and Marshall Wise of the Pacifi c Northwest National Laboratory 
focus on “Technology and International Climate Policy” to explore 
interactions between two of the key drivers that determine emissions 
reductions—technology availability and performance, on the one 
hand, and international policy architectures, on the other. Four main 
fi ndings emerge from this analysis: fi rst, technology is more  important 
to reducing the costs of emissions mitigation when international policy 
structures deviate from full participation; second, near-term carbon 
prices are inexorably tied to the expected long-term availability of 
t echnology; third, the choice of a policy architecture has a larger 
impact on the distribution of mitigation actions than on the global 
emissions pathway; and fourth, more rapid technology improvements 
reduce the relative infl uence of policy architecture.

Chapter 26 features an analysis by Geoffrey Blanford and Richard 
Richels of the Electric Power Research Institute and Thomas Rutherford 
of the Swiss Federal Institute of Technology in Zurich on “Revised 
Emissions Growth Projections for China: Why Post-Kyoto Climate 
Policy Must Look East.” The authors note that continued growth in 
developing-country emissions could put stabilization targets effectively 
out of reach within the next ten to twenty years, regardless of what 
wealthier countries do. They suggest that a CO2 stabilization target 
of 450 ppm is probably no longer realistic, and a target of 550 ppm 
now appears as challenging as 450 ppm appeared just a few years ago. 
However, stabilization at 550 ppm may still be feasible if developed 
countries undertake immediate reductions and developing countries 
follow a “graduated accession” scenario, in which China and other 
mid-income countries (for example, Korea, Brazil, Mexico, and South 
Africa) join global mitigation efforts in 2020, India joins in 2040, and 
poorer countries delay participation until 2050. On the other hand, 
their analysis indicates that if developing countries enter into a global 
regime more gradually—for example, by adopting progressively more 
stringent targets only as incomes rise—global emissions may continue 
to grow through 2050, and even the 550 ppm target will begin to look 
doubtful. These authors conclude that no issue is more urgent for 
international climate negotiations than that of establishing incentives 
for timely and meaningful participation by developing countries.



26 Joseph E. Aldy and Robert N. Stavins

In the fi nal chapter in this part of the book, Chapter 27, “Expecting 
the Unexpected: Macroeconomic Volatility and Climate Policy,” 
Warwick McKibbin of the Australian National University, Adele 
Morris of the Brookings Institution, and Peter Wilcoxen of Syracuse 
University focus on a timely concern: how a future international climate 
policy architecture may perform in the presence of unexpected macr-
oeconomic shocks, whether positive shocks from economic growth in 
developing countries or severe fi nancial distress in the global economy. 
Their premise is that, in the absence of such unanticipated economic 
shocks, three regimes are similar—in principle—in their ability to 
reduce emissions effi ciently: global carbon cap-and-trade; globally 
harmonized domestic carbon taxes; and a hybrid system of national 
long-term permit trading with a globally-coordinated maximum price 
for permits in each year (that is, a safety valve).8 However, these 
three systems differ in how they would transmit  economic disruptions 
from one economy to another. McKibbin, Morris, and Wilcoxen fi nd 
that whereas a cap-and-trade regime would be counter-cyclical—in 
the sense that reduced demand for permits would lead to lower 
permit prices and thereby dampen cost impacts during an economic 
slowdown—this approach also fails to capture the opportunity for 
signifi cant additional low-cost emissions reductions during a global 
economic downturn.

Part VII—synthesis and conclusion

The book closes with two chapters that draw out the key implica-
tions of the twenty-six research initiatives of the Harvard Project on 
International Climate Agreements and provide guidance for the inter-
national policy community. In the Epilogue (Chapter 28), Richard 
Schmalensee of the Massachusetts Institute of Technology steps back 
and refl ects on the factors that make the global dimensions of climate 
change so diffi cult and important to manage, the history of climate 
policy debates, and the key elements of an emerging international 
policy architecture. He concludes that the most critical and diffi cult 
task before the world’s policymakers is to “move toward a policy 

8 Refer to McKibbin and Wilcoxen (2007) for a detailed description of this type 
of climate policy architecture.
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architecture that can induce the world’s poor nations to travel a much 
more climate-friendly path to prosperity than the one today’s rich 
nations have traveled.”

We close the book with Chapter 29, “Lessons for the International 
Policy Community,” in which we begin by highlighting certain princi-
ples that the research teams have identifi ed as being important for the 
design of a scientifi cally sound, economically rational, and politically 
pragmatic post-2012 international climate policy architecture. Real 
progress will require addressing these principles, which constitute 
some of the core premises underlying various policy architectures and 
design elements. We also highlight four international climate policy 
architectures—each of which has advantages as well as disadvan-
tages—because each is promising in some regards and because each 
raises important issues for consideration. One is within the category 
of targets and timetables: formulas for dynamic national targets for 
all countries. Two are within the category of harmonized domestic 
policies: a portfolio of international treaties and harmonized national 
carbon taxes. And one is within the category of coordinated and 
unilateral national policies: linkage of national and regional tradable 
permit systems.

Regardless of which overall international policy architecture is 
ultimately chosen, a number of key design issues stand out as particu-
larly important. And so, in the last part of Chapter 29, we identify 
some of the lessons identifi ed by our twenty-six research teams with 
regard to fi ve issues and elements for a post-2012 international agree-
ment: burden sharing, technology transfer, CDM reform, addressing 
deforestation, and making global climate policy compatible with 
global trade policy. We infuse all fi ve of these discussions with atten-
tion to the relationship between global climate policy and economic 
development.

The principles, architectures, and design elements proposed and 
examined in this book and highlighted in the fi nal chapter can serve 
to illuminate many of the issues facing the international policy 
 community. Our hope is that all those engaged in the ultimate design of 
climate change policy—from decision makers and diplomats to leaders 
in the private sector and civil society—will fi nd it useful in reconciling 
their diverse interests and moving forward with effective solutions to 
the enormous, collective challenge posed by global climate change.
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2 An elaborated proposal for a global 
climate policy architecture: specifi c 
formulas and emission targets for all 
countries in all decades1

Jeffrey Frankel

This chapter offers a framework of formulas that produce precise 
numerical targets for emissions of carbon dioxide (CO2) in all regions 
of the world in all decades of this century. The formulas are based on 
pragmatic judgments about what is possible politically. The reason 
for this approach is the author’s belief that many of the usual science-
based, ethics-based, and economics-based paths are not dynamically 
consistent: that is, it is not credible that successor governments will be 
able to abide by the commitments that today’s leaders make.

The formulas proposed here are driven by seven political axioms:

The United States will not commit to quantitative targets if China 1. 
and other major developing countries do not commit to quantita-
tive targets at the same time, because of concerns about economic 
competitiveness and carbon leakage.
China and other developing countries in the very short run will not 2. 
make economic sacrifi ces, especially because the United States has 
not done so.

1 The author would like especially to thank Valentina Bosetti of FEEM who 
produced, by means of the WITCH model, all the simulations of the effects of 
my formula-based proposals, thereby bringing hitherto-abstract ideas to life. 
This chapter literally could not have been written without her. He would like 
to thank Joe Aldy and Robert Stavins of the Harvard Project on International 
Climate Agreements for encouraging and supporting this line of research. 
For comments and suggestions on the outcome he would like to thank John 
Deutch, Robert Keohane, Warwick McKibben, Oyebola Olabisi, Rob Stavins, 
Jonathan Weiner, and an anonymous reviewer. The author would further like 
to thank for partial support the Sustainability Science Program, funded by the 
Italian Ministry for Environment, Land and Sea, at the Center for International 
Development at Harvard University.
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China and other developing countries, even in the longer run, 3. 
will not make sacrifi ces different in character from those made by 
richer countries that have gone before them.
In the long run, no country can be rewarded for having “ramped 4. 
up” its emissions well above 1990 levels before joining.
No country will agree to participate if its expected cost during the 5. 
course of the 21st century (in present discounted value) is more than 
Y, where Y is for now set at 1 percent of national income per year.
No country will abide by targets that cost it more than 6. X in any 
individual budget period, where X is for now set at 5 percent of 
income.
If one major country drops out, others will become discouraged 7. 
and the system may unravel.

The proposed targets are formulated according to the following 
framework. Between now and 2050, the European Union follows the 
path laid out in the January 2008 European Commission Directive; the 
United States follows the path in 2008 legislative proposals associated 
with Senator Joseph Lieberman; and Japan, Australia and Korea follow 
statements that their own leaders have recently made. China, India 
and other countries agree immediately to quantitative greenhouse gas 
(GHG) emission targets, which in the fi rst decades merely copy their 
business-as-usual (BAU) paths, thereby precluding leakage. These 
countries are not initially expected to cut emissions below their BAU 
trajectory.

When the time comes for these countries to join mitigation efforts—
perhaps when they cross certain thresholds—their emission targets 
are determined using a formula that incorporates three elements: a 
Progressive Reductions Factor, a Latecomer Catch-up Factor, and a 
Gradual Equalization Factor. These factors are designed to persuade 
the developing countries that they are only being asked to do what 
is fair in light of actions already taken by others. In the second half 
of the century, the formula that determines the emissions path for 
industrialized countries is dominated by the Gradual Equalization 
Factor. But developing countries, which will still be in earlier stages 
of participation and thus will have departed from their BAU paths 
only relatively recently, will still follow in the footsteps of those who 
have gone before. This means that their emission targets will be set 
using the Progressive Reductions Factor and the Latecomer Catch-up 
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Factor, in addition to the Gradual Equalization Factor. The glue that 
holds the agreement together is that every country has reason to feel 
that it is only doing its fair share.

We use the WITCH model to analyze the results of this approach 
in terms of projected paths for emissions targets, permit trading, 
the price of carbon, lost income, and environmental effects. Overall 
 economic costs, discounted (at 5 percent), average 0.24 percent of 
Gross Product. No country suffers a discounted loss of more than 1 
percent of national income overall from the agreement, nor more than 
5 percent of income in any given period. Atmospheric CO2 concentra-
tions level off at 500 parts per million (ppm) in the latter part of the 
century. (The next phase of this research will aim for a target of 450 
ppm.)

The problem

There are by now many proposals for a post-Kyoto climate change 
regime, even if one considers only proposals that accept the basic 
Kyoto approach of quantitative, national-level limits on GHG emis-
sions accompanied by international trade in emissions permits. The 
Kyoto targets applied only to the budget period 2008–2012, which 
is now upon us, and only to a minority of countries (in theory, the 
industrialized countries). The big task is to extend quantitative 
emissions targets through the remainder of the century and to other 
countries—particularly the United States, China, and other develop-
ing countries.

Virtually all the existing proposals for a post-Kyoto agreement 
are either based on scientifi c environmental objectives (e.g., stabiliz-
ing atmospheric CO2 concentrations at 450 ppm in 2100), ethical 
or philosophical considerations (e.g., the principle that every indi-
vidual on earth has equal emission rights), or economic cost-benefi t 
analyses (weighing the economic costs of abatement against the 
long-term environmental benefi ts).2 This chapter proposes a path 
of emission targets for all countries and for the remainder of the 
century that is intended to be more practical in that it is also based 

2 An important example of the science-based approach is Wigley et al. (2007). 
An important example of the cost-benefi t-based approach is Nordhaus (1994, 
2006). An important example of the rights-based approach is Baer et al. 
(2008).
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on political considerations, rather than on science or ethics or eco-
nomics alone.3

The industrialized countries did, in 1997, agree to quantitative 
emissions targets for the Kyoto Protocol’s fi rst budget period, so 
in some sense we know that it can be done. But the obstacles are 
enormous. For starters, most of the Kyoto signers will probably 
miss their 2008–2012 targets, and of course the United States never 
even ratifi ed. At multilateral venues such as the United Nations 
Framework Convention on Climate Change (UNFCCC) meeting in 
Bali (2007) and the Group of Eight (G8) meeting in Hokkaido (July 
2008), world leaders have (just barely) been able to agree on a broad 
long-term goal of cutting total global emissions in half by 2050. But 
these meetings did not come close to producing agreement on who 
will cut how much, not to mention agreement on multilateral targets 
within a near-enough time horizon that the same national leaders 
are likely to still be alive when the abatement commitment comes 
due. To quote Al Gore (1993, p.353), “politicians are often tempted 
to make a promise that is not binding and hope for some unexpect-
edly easy way to keep the promise.” For this reason, the aggregate 
targets endorsed so far cannot be viewed as anything more than 
aspirational.

Moreover, nobody has ever come up with an enforcement mecha-
nism that simultaneously has suffi cient teeth and is acceptable to 
member countries. Given the importance countries place on national 
sovereignty it is unlikely that this will change.4 Hopes must instead 
rest on weak enforcement mechanisms such as the power of moral 
suasion and international opprobrium. It is safe to say that in the 
event of a clash between such weak enforcement mechanisms and the 
prospect of a large economic loss to a particular country, aversion to 
the latter would win out.

3 Aldy, Barrett, and Stavins (2003) and Victor (2004) review a number of exist-
ing proposals. Numerous others have offered their own thoughts on post-Kyoto 
plans, at varying levels of detail, including Aldy, Orszag, and Stiglitz (2001); 
Barrett (2006); Nordhaus (2006); and Olmstead and Stavins (2006).

4 The possibility of trade sanctions is probably the only serious idea for penal-
izing non-participation. Such penalties are not currently being considered at 
the multilateral level (although they perhaps should be; Frankel 2008b).
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Necessary aspects of a workable successor to Kyoto

I have suggested six desirable attributes5 that any proposed successor-
agreement to the Kyoto Protocol should deliver:

More comprehensive participation• —specifi cally, getting the United 
States, China, and other developing countries to join the system of 
quantitative emission targets.
Effi ciency• —incorporating market-fl exibility mechanisms such as 
international permit trading and providing advance signals to allow 
the private sector to plan ahead, to the extent compatible with the 
credibility of the signals.
Dynamic consistency• —addressing the problem that announce-
ments about steep cuts in 2050 are not credible. The lack of cred-
ibility stems from two sources. First, it is known that today’s leaders 
cannot bind their successors. Second, the projected failure of most 
Kyoto signatories to meet their fi rst-period emission targets makes 
the lack of seriousness at a global level painfully obvious.
Equity• —Taking into account the point made by developing coun-
tries that industrialized countries created the problem of global 
climate change, whereas poor countries are responsible for only 
about 20 percent of the CO2 that has accumulated in the atmosphere 
from industrial activity over the past 150 years (though admittedly 
this is changing rapidly). From an equity standpoint, developing 
countries argue they should not be asked to limit their economic 
development to pay for a climate-change solution; moreover, they 
do not have the economic capacity to pay for emissions abatement 
that richer countries do. Finally, many developing countries place 
greater priority on raising their people’s current standard of living 
(including reducing local air and water pollution). These countries 
might reasonably demand quantitative targets that refl ect an equal 
per capita allotment of emissions, on equity grounds, even waiving 
any claims to reparations for the disproportionate environmental 
damages that can be expected to fall on them.
Compliance• —recognizing that no country will join a treaty if it 
entails tremendous economic sacrifi ce and that therefore compli-
ance cannot be reasonably expected if costs are too high. Similarly, 

5 Frankel (2007). Similar lists are provided by Bowles and Sandalow (2001), 
Stewart and Weiner (2003), and others.
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no country, if it has already joined the treaty, will continue to stay 
in during any given period if staying in means huge economic sacri-
fi ce, relative to dropping out, in that period.
Robustness under uncertainty• —recognizing that the relationship 
between cost and compliance applies not just to ex ante calculations 
based on current expectations, but also ex post, when future growth 
rates and other uncertain economic and technological variables 
become known.

Unlike the Kyoto Protocol, the proposal outlined in this chapter 
seeks to bring all countries into an international policy regime on a 
realistic basis and to look far into the future. But we cannot pretend to 
see with as fi ne a degree of resolution at a century-long horizon as we 
can at a fi ve- or ten-year horizon. Fixing precise numerical targets a 
century ahead is impractical. Rather, we need a century-long sequence 
of negotiations, fi tting within a common institutional framework that 
builds confi dence as it goes along. The framework must have enough 
continuity so that success in the early phases builds members’ confi -
dence in each other’s compliance commitments and in the fairness, 
viability, and credibility of the process. Yet the framework must be 
fl exible enough that it can accommodate the unpredictable fl uctuations 
in economic growth, technology development, climate, and political 
sentiment that will inevitably occur. Only by striking the right balance 
between continuity and fl exibility can we hope that a framework for 
addressing climate change would last a century or more.

An example of such a framework in another policy area is the 
General Agreement on Tariffs and Trade, which emerged after World 
War II and provided the basis for 50 years of successful multilat-
eral negotiations to liberalize international trade, culminating in the 
founding of the World Trade Organization. Nobody at the beginning 
could have predicted the precise magnitude or sequence of reforms to 
various trade barriers, or what sectors or countries would be included. 
But the early stages of negotiation worked, and so confi dence in the 
process built, more and more countries joined the club, and progres-
sively more ambitious rounds of liberalization were achieved.

Another analogy would be with the process of European economic 
integration, culminating in the formation of the European Economic 
and Monetary Union. Despite ambitions for more comprehensive inte-
gration, nobody at the time of the founding of the European Coal and 
Steel Community, or the subsequent European Economic Community, 
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could have forecast the speed, scope, magnitude, or country member-
ship that this path of integration would eventually take. The aim should 
be to do the same with the UNFCCC thereby establishing credibility.

Political constraints

Let us restore the claims regarding political feasibility to be taken as 
axiomatic.

The United States will not commit to quantitative targets if China 1. 
and other major developing countries do not commit to quanti-
tative targets at the same time. This leaves completely open the 
initial level and future path of the targets. Any plan will be found 
unacceptable if it leaves the less developed countries free to exploit 
their lack of GHG regulation for “competitive” advantage at the 
expense of the participating countries’ economies and leads to 
emissions leakage at the expense of the environmental goal.
China, India, and other developing countries will not make sacri-2. 
fi ces they view as

fully contemporaneous with rich countries;a. 
different in character from those made by richer countries who b. 
have gone before them;
preventing them from industrializing;c. 
failing to recognize that richer countries should be prepared to d. 
make greater economic sacrifi ces than poor countries to address 
the problem (all the more so because rich countries’ past emis-
sions have created the problem); or
failing to recognize that the rich countries have benefi ted from e. 
an “unfair advantage” in being allowed to achieve levels of per 
capita emissions that are far above those of the poor countries.

In the short run, emission targets for developing countries must 3. 
be computed relative to current levels or BAU paths; otherwise 
the economic costs will be too great for the countries in question 
to accept.6 But in the longer run, no country can be rewarded for 
having “ramped up” emissions far above 1990 levels, the reference 
year agreed to at Rio and Kyoto. Fairness considerations aside, 
if post-1990 increases are permanently “grandfathered,” then 

6 Cuts expressed relative to BAU have been called “Action Targets” (Baumert and 
Goldberg 2006).
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 countries that have not yet agreed to cuts will have a strong incen-
tive to ramp up emissions in the interval before they join. Of course 
there was nothing magic about 1990 but, for better or worse, it is 
the year on which Annex I countries have long based planning.
No country will accept a path of targets that is expected to cost it 4. 
more than Y percent of national income throughout the 21st century 
(in present discounted value), where Y is for now set at 1 percent.
No country will accept targets in any period that are expected to 5. 
cost more than X percent of income to achieve during that period; 
alternatively, even if targets were already in place, no country would 
in the future actually abide by them if it found the cost to doing so 
would exceed X percent of income. In this chapter, income losses 
are defi ned relative to what would happen if the country in question 
had never joined. An alternative would be to defi ne income losses in 
a future period relative to what would happen if the country were to 
drop out in that period, after decades of participation. For now, we 
set X at 5 percent.
If one major country drops out, others will become discouraged 6. 
and may also fail to meet their own targets, and the framework 
may unravel. If such unraveling in a future decade is foreseeable 
at the time that long-run commitments are made, then those com-
mitments will not be credible from the start. Firms, consumers, 
and researchers base their current decisions to invest in plant and 
equipment, consumer durables, or new technological possibilities 
on the expected future price of carbon: If government commit-
ments are not credible from the start, then they will not raise the 
expected future carbon price. The reason for this political approach 
is the belief that many emissions pathways proposed on the basis 
of scientifi c or economic analyses are not dynamically consistent: 
That is, it is not credible that successor governments will be able to 
abide by the commitments that today’s leaders make.

Squaring the circle

Of the above propositions, even the fi rst and second alone seem to 
add up to a hopeless “Catch-22”: nothing much can happen without 
the United States, the United States will not proceed unless China and 
other developing countries start at the same time, and China will not 
start until after the rich countries have gone fi rst.



An elaborated proposal for a global climate policy architecture 39

There is only one possible solution, only one knife-edge position 
that satisfi es the constraints. At the same time that the United States 
agrees to binding emission cuts in the manner of Kyoto, China and 
other developing countries agree to a path that immediately imposes 
on them binding emission targets—but these targets in their early 
years simply follow the BAU path. The idea of committing only to 
BAU targets in the early decades will provoke outrage from both envi-
ronmentalists and business interests in developed countries. But both 
groups might come to realize that this commitment is far more impor-
tant than it sounds: It precludes the carbon leakage which, absent 
such an agreement, will undermine the environmental goal, and it 
moderates the competitiveness concerns of carbon-intensive industries 
in the rich countries. This approach recognizes that it would be irra-
tional for China to agree to substantial actual cuts in the short term. 
Indeed China might well react with outrage at being asked to take on 
binding targets of any kind at the same time as the United States. But 
China may also come to realize that it would actually gain from such 
an agreement, by acquiring the ability to sell emission permits at the 
same world market price as developed countries.7 (China currently 
receives lower prices for lower-quality project credits under the Kyoto 
Protocol’s Clean Development Mechanism [CDM] or joint implemen-
tation [JI] provisions.)

In later decades, the formulas we propose do ask substantially 
more of the developing countries. But these formulas also obey basic 
notions of fairness, by (1) asking for cuts that are analogous in mag-
nitude to the cuts made by others who began abatement earlier and 
(2) making due allowance for developing countries’ low per capita 
income and emissions and for their baseline of rapid growth. These 
ideas were developed in earlier papers (see Frankel 1999, 2005, and 
2007 and Aldy and Frankel 2004) which suggested that the formulas 
used to develop emissions targets incorporate four or fi ve variables: 
1990 emissions, emissions in the year of the negotiation, population, 

7 Many authors have pointed out that developing countries actually stand to gain 
economically in the short run by accepting targets and then selling permits, 
including the Council of Economic Advisers (1998), Keohane and Raustiala 
(2008), and Seidman and Lewis (2009). Of course this only works when the 
permits allocated to developing countries are suffi ciently generous (i.e., do not 
refl ect a signifi cant abatement obligation), as is reasonable in the short run, but 
which the developing countries cannot expect in the long run.
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and income. One might perhaps also include a few other special vari-
ables such as whether the country in question has coal or hydroelectric 
power, though the 1990 level of emissions conditional on per capita 
income can largely capture these special variables.

Here we narrow down the broad family of formulas to a more 
manageable set, and then put them into operation to produce specifi c 
numerical targets for all countries, for all fi ve-year budget periods of 
the 21st century. The formulas are made precise through the develop-
ment of three factors: a short-term Progressive Reductions Factor, a 
medium-term Latecomer Catch-up Factor, and a long-run Gradual 
Equalization Factor. The result is a set of actual numerical targets 
for all countries for the remainder of the century (presented in Table 
2.1). These are then fed into the WITCH model, by Valentina Bosetti, 
a co-author of that model, to see the economic and environmental 
consequences. International trading plays an important role. The 
framework is fl exible enough that one can tinker with a parameter 
here or there—for example if the economic cost borne by a par-
ticular country is deemed too high or the environmental progress 
deemed too low—without having to abandon the entire formulas 
framework.

Emission targets for all countries: rules to guide the formulas

All developing countries that have any ability to measure emissions 
would be asked to agree immediately to emission targets that do not 
exceed their projected BAU baseline trajectory going forward. The 
objective of getting developing countries committed to these targets 
would be to forestall emissions leakage and to limit the extent to which 
their fi rms enjoy a competitive advantage over carbon-constrained 
competitors in the countries that have already agreed to targets below 
BAU under the Kyoto Protocol. (We expect that the developing coun-
tries would, in most cases, receive payments for permits and thus emit 
less than their BAU baseline.) Most countries in Africa would prob-
ably be exempted for some years from any kind of commitment, even 
to BAU targets, until they had better capacity to monitor emissions.

One must acknowledge that BAU paths are neither easily ascer-
tained nor immutable. Countries may “high-ball” their BAU estimates 
in order to get more generous targets. Even assuming that estimates 
are unbiased, important unforeseen economic and technological 
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developments could occur between 2010 and 2020 that will shift the 
BAU trajectory for the 2020s, for example. Any number of unpredict-
able events have already occurred in the years since 1990; they include 
German reunifi cation, the 1997–1998 East Asia crisis, the boom in 
the BRIC countries (Brazil, Russia, India, and China), the sharp rise 
in world oil prices up until 2008, and the world fi nancial crisis of 
2007–2009. A fi rst measure to deal with the practical diffi culty of 
setting the BAU path is to specify in the Kyoto-successor treaty that 
estimates must be generated by an independent international expert 
body, not by national authorities. A second measure, once the fi rst has 
been assured, is to provide for updates of the BAU paths every decade. 
To omit such a provision—that is, to hold countries for the rest of 
the century to the paths that had been estimated in 2010—would in 
practice virtually guarantee that any country that achieves very high 
economic growth rates in the future will eventually drop out of the 
agreement, because staying in would mean incurring costs far in excess 
of 5 percent of income. Allowing for periodic adjustments to the BAU 
baseline does risk undermining the incentive for carbon-saving invest-
ments, on the logic that such investments would reduce future BAU 
paths and thus reduce future target allocations. This risk is the same 
as the risk of encouraging countries to ramp up their emissions, which 
we specifi ed above to be axiomatically ruled out by any viable pro-
posal. That is why the formula gives decreasing weight to BAU in later 
budget periods and why we introduce a Latecomer Catch-up Factor 
(explained below), which tethers all countries to their 1990 emission 
levels in the medium run.

Countries are expected to agree to the next step, quantitative targets 
that entail specifi c cuts below BAU, at a time determined by their cir-
cumstances. In our initial simulations, the choice of year for introdu-
cing an obligation actually to cut emissions was generally guided by 
two thresholds: when a country’s average per capita income exceeds 
$3000 per year and/or when its per capita annual emissions approach 
1 ton or more.8 But we found that starting dates had to be further 
modifi ed in order to satisfy our constraints regarding the distribution 
of economic losses.

As already noted, this approach assigns emission targets in a way that 
is more sensitive to political realities than is typical of other proposed 

8 Baer et al. (2008) suggest an income threshold of $7,500 per person per year.
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target paths, which are constructed either on the basis of a cost-benefi t 
optimization or to deliver a particular environmental and/or ethical 
goal. Specifi cally, numerical targets are based (a) on commitments that 
political leaders in various key countries have already proposed or 
adopted, as of early 2009, and (b) on formulas designed to assure late-
comer countries that the emission cuts they are being asked to make 
represent no more than their fair share, in that they correspond to the 
sacrifi ces that other countries before them have already made.

Finally comes the other important concession to practical political 
realities: if the simulation in any period turns out to impose on any 
country an economic cost of more than X% of income (where X is 
for the purposes of this analysis taken to be 5 percent), we assume 
that this country drops out. Dropping out could involve either explicit 
renunciation of the treaty or massive failure to meet the quantitative 
targets. For now, our assumption is that in any such scenario, other 
countries would follow by dropping out one by one, and the whole 
scheme would eventually unravel.9 This unraveling would occur much 
earlier if private actors rationally perceived that at some point in the 
future major players will face such high economic costs that compli-
ance will break down. In this case, the future carbon prices that are 
built into most models’ compliance trajectories will lack credibility, 
private actors will not make investment decisions that refl ect those 
prices today, based on them, and the effort will fail in the fi rst period. 
Therefore, our approach to any scenario in which any major player 
suffers economic losses greater than X% would be to go back and 
adjust some of the parameters of the emission formulas, so that costs 
are lower and this is no longer the case.

We hope by these mechanisms to achieve political viability: non-neg-
ative economic gains in the early years for developing countries, average 
costs over the course of the century below 1 percent of income per 
annum, and protection for every country against losses in any period as 
large, or larger than, 5 percent of income. Only if they achieve political 
viability are announcements of future cuts credible. And only credible 

9 A good topic for future efforts to extend this research is to apply game theory, 
allowing some relatively less important countries to drop out without neces-
sarily sinking the whole scheme. That is, if the economic damage to remaining 
members arising from the defections, and the environmental damage, were not 
too great, remaining countries might continue to participate rather than retali-
ate by likewise dropping out.
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announcements of future cuts will send fi rms the long-term price signals 
and incentives needed to guide investment decisions today.

Guidelines from policies and goals already announced 
by national leaders

Our model produces country-specifi c numeric emission targets for 
every fi fth year: 2012, 2017, 2022, etc. For each fi ve-year budget 
period, such as the Kyoto period 2008–2012, computations are based 
on the average of the starting year and ending year.

The European Union
The EU emissions target for 2008–2012 was agreed at Kyoto: 8 
percent below 1990 levels. In the second 2015–2020 period (for 
simplicity we choose the year 2017), the EU target is the one that 
Brussels announced in January 2008 and confi rmed in December 
2008:10 namely, 20 percent below 1990 levels. On the one hand, as 
with other targets publicly supported by politicians in Europe and 
elsewhere, skepticism is appropriate regarding EU member countries’ 
willingness to make the sacrifi ces necessary to achieve this target.11 
On the other hand, however, the European Union’s commitment to 
this number was not conditional on other countries joining in. Indeed 
the European Union has said it would cut emissions 30 percent below 
1990 levels if other countries joined in. So in this sense we are being 
conservative in choosing the 20 percent target.

For the third period (2022–2027), and thereafter up to the eighth 
period (2048–2052), the EU targets progress in equal increments to 
a 50 percent cut below 1990 levels: In other words, targets relative 
to 1990 emissions start at 25 percent below, and then progress to 30 
percent, 35 percent, 40 percent, 45 percent, and 50 percent below.

10 Financial Times, Jan. 2, 2009, p. 5.
11 It is not entirely clear to Americans that even Europe will meet its Kyoto targets. 

Perhaps the European Union will need to cover its shortfall with purchases of 
emission permits from other countries. European emissions were reduced in 
the early 1990s by coincidental events: Britain moved away from coal under 
Margaret Thatcher and Germany with reunifi cation in 1990 acquired dirty 
power plants that were easy to clean up. But Americans who claim on this 
basis that the European Union has not yet taken any serious steps go too far. 
Ellerman and Buchner (2007, pp. 26–29) show that the difference between allo-
cations and emissions in 2005 and 2006 was probably in part attributable to 
abatement measures implemented in response to the positive price of carbon.
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Japan, Canada, and New Zealand
These three Pacifi c countries are assigned the Kyoto goal of a 6 percent 
reduction below 1990 levels. Of all ratifi ers, Canada is probably the 
farthest from achieving its Kyoto goal.12 But Japan dominates this 
country grouping in size. We assume that by 2010 the United States 
has taken genuine measures, which helps motivate these three coun-
tries to get more serious than they have been to date. In a small conces-
sion to realism, we assume that they do not hit the numerical target 
until 2012 (versus hitting it on average over the 2008–2012 budget 
period).13

Japan’s then-Prime Minister, Yasuo Fukuda, on June 9, 2008, 
announced a decision to cut Japanese emissions 60–80 percent by 
mid-century and successor Taro Aso on June 10, 2009, announced a 
plan to cut 15 percent by 2020.14 We interpret these targets as cuts of 
10 percent every fi ve years between 2010 and 2050, computed loga-
rithmically. The cumulative cuts are 80 percent in logarithmic terms, 
or 51 percent in absolute terms (i.e., to 49 percent of the year–2010 
emissions level).

The United States
A series of bills to cap US GHG emissions were proposed in Congress 
in 2007 and early 2008.15 It is possible that some version of such leg-
islation might pass by 2010.

The Bingaman–Specter bill would have reduced emissions to 2006 
levels by 2020 and to 1990 levels by 2030, but with a cap or “safety 
valve” on the price of carbon. The Lieberman–Warner bill was more 
aggressive.16 It would have begun by reducing emissions in 2012 to 
below 2005 levels and would have tightened the emissions cap gradu-
ally each year thereafter, such that by the year 2050, total  emissions 

12 The current government’s plan calls for reducing Canadian emissions in 2020 
by 20 percent below 2006 levels (which translates to 2.7 percent below 1990 
levels) and in 2050 by 60–70 percent below 2006 levels. (“FACTBOX—
Greenhouse gas curbs from Australia to India,” Sept. 5, 2008, Reuters. www.
alertnet.org/thenews/newsdesk/L5649578.htm.)

13 In 2007, Japanese Prime Minister Shinzo Abe supported an initiative to half 
global emissions by 2050. (Financial Times, May 25). But ahead of the 2008 
G8 Summit, Japan declined to match the EU’s commitment to cut its emissions 
20 percent by 2020 (FT, April 24, 2008, p. 3).

14 FT, June 10, 2008, p. 6; and Associated Press, June 10, 2009, respectively.
15 The bills are conveniently summarized in Table 1A in Hufbauer, Charnovitz 

and Kim (2009).
16 S. 2191: America’s Climate Security Act of 2007.



54 Jeffrey Frankel

would be held to 30 percent of 2012 levels—in other words, a 70 
percent reduction from emissions levels at the start date of the poli-
cy.17 If such a bill were not passed until 2010 or so, the goal of achiev-
ing 2005 levels by 2012 (let alone a 4 percent reduction) would for 
all practical purposes be impossible to achieve. The bill’s sponsors 
would have to adjust 2012 to BAU levels, which are projected to be 
39 percent above 1990 levels, or 33 percent logarithmically (i.e., 1990 
emissions were 28 percent below current 2012 BAU projections), so 
the 2050 target would be 42 percent below 1990 levels.18 A slightly 
revised “manager’s” version of the Lieberman–Warner bill earned sig-
nifi cant congressional support in June 2008: though it did not garner a 
large enough majority to become law, the vote was widely considered 
an important step forward politically for the activist camp. It was pre-
sumed that a new bill in the next session would probably look similar 
and, with a new president, would have better chances of success.19

If taken at face value, with 2012 emissions returned to 2005 levels 
or lower, then the Lieberman–Warner targets would have shaved off 
another 13 percent from the target path, so that emissions in 2050 
would be 55 percent below 1990 levels.20 There are three respects in 
which it might be naïve to accept these political aspirations at face 
value. First, it is not realistic to think that the United States could go 
from the steady emission growth rates of 1990–2007 (when emissions 
increased, on average, by 1.4 percent per year) to immediate rapid 
cuts, without passing through an intermediate phase of slowing, and 
then peaking or plateauing, before reversing (a trajectory some have 

17 Section 1201, pp. 30–32. (The percentage is measured non-logarithmically.)
18 See, for example, http://theclimategroup.org/index.php/news_and_events/

news_and_comment/carbon_trading_high_hopes_for_lieberman_warner. (The 
number is 54 percent, measured logarithmically. This is the preferred way of 
defi ning percentage changes. Logarithms are too technical for non-specialist 
audiences. But measuring changes non-logarithmically has the undesirable 
property that a 50 percent increase [to 1.50] followed by a 50 percent reduction 
[to 0.75] does not get you back to your starting point [1.00].)

19 This chapter was originally written during the 2008 US presidential election 
campaign, in which both major presidential candidates supported GHG reduc-
tion measures along the lines of recent congressional bills. John McCain advo-
cated a 2050 emissions target of 60 percent below 1990 levels, or 66 percent 
below 2005 levels, close to Lieberman–Warner (Washington Post, May 13, 
2008, p. A14; and FT, May 13, 2008, p.4). Barack Obama endorsed a more 
aggressive target of reducing 2050 emissions 80 percent below 1990 levels (FT, 
Oct. 17, 2008).

20 That is 67 percent logarithmically. Or a cut of about 62 percent according to 
J.R. Pegg, Environmental News Service, October 2007.



An elaborated proposal for a global climate policy architecture 55

called “slow-stop-reverse”). Second is the point that many voters 
and politicians who have supported recent legislative proposals will 
be unlikely to support the measures that would be needed to attain 
the targets contained in those proposals in an economically effi cient 
way—that is, by raising the price of fossil fuels through such meas-
ures as a carbon tax or tradable permits (without giving away extra 
free permits). Third, the Lieberman–Warner target is somewhat more 
aggressive than Europe’s goal, measured relative to 1990 emissions, 
and implies a much more aggressive rate of emissions decline than 
Europe’s over the period 2012–2050. So far, American support for 
serious action has lagged behind Europe’s.

On the other hand, if China and other developing countries accept 
quantitative targets, as foreseen under this plan, this will boost domes-
tic American support for tough action. In addition, one could argue 
that because there is more “fat” in US emissions, it should be easier 
to achieve reductions than in Europe or Japan. The terminal level of 
emissions in 2050 under the formula would still probably be substan-
tially higher than Europe’s, relative to population or GDP.

We assume that the average annual emissions growth rate is cut 
in half during the period 2008–2012, to 0.7 percent per year or 3.5 
percent cumulatively, so that emissions in 2012 are 31.5 percent above 
1990 levels.21 At that point, we assume emissions plateau—growth is 
held to zero—for the period 2012–2017. These near-term targets 
are substantially more aggressive than those in the American Clean-
Energy and Security Act of 2009 (ACES Act), which was passed by 
the House of Representatives on June 26, 2009, before consideration 
by the Senate. The ACES Act specifi es that US emission allowances 
continue to grow at 3 percent per year from 2012 to 2017.22 Then 
we implement the rest of the Lieberman–Warner formula, such that 
emissions in 2050 reach a level that is 67 percent below 1990 levels. 
Using our postponed base this is 98.5 percent below 2012 levels, loga-
rithmically. Spread over 38 years, this implies sustained reductions of 
2.6 percent per year on average, or 13 percent every fi ve years. This is 
a more aggressive rate of reduction over 2017–2050 than Lieberman–

21 That is, 27 percent logarithmically.
22 Title VII, Part C, Section 721, sub-section (e) of HR 2454, also known as the 

Waxman-Markey bill. The preceding draft of the bill, proposed March 31, 
2009, called for emissions targets that increased at about 2 percent per year 
from 2012 to 2017, peaked in 2021, and hit the same 2050 level as in the 
version passed by the House in June.
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Warner, but substantially less aggressive than the ACES Act (5 percent 
per year rate of reduction), the reverse ranking of the plans’ pre-2017 
target paths.

Australia
Canberra has been reluctant to take strong actions because the country 
is so dependent on coal. In July of 2008, however, Australian Prime 
Minister Kevin Rudd announced plans to cut emissions to 60 percent 
below 2000 levels by 2050.23 In the regional groupings of our model, 
Australia is classifi ed together with South Korea and South Africa.

Korea and South Africa
Until recently it looked unlikely that any “non-Annex I” countries 
would consider taking on serious cuts below a BAU growth path 
within the next decade. But in March 2008, the new president of 
South Korea, Myung-bak Lee, “tabled a plan to cap emissions at 
current levels over the fi rst Kyoto period.”24 This was an extraordi-
narily ambitious target in light of Korea’s economic growth rate. He 
also “vowed his country would slash emissions in half by 2050,”25 like 
the industrialized countries—of which Korea is now one. Emissions 
have risen 90 percent since 1990 and it is hard to imagine any country 
applying the brakes so sharply as to switch instantly from 5 percent 
annual growth in emissions to zero.26 Perhaps President Lee thinks he 
can offset growth in South Korean emissions by paying North Korea 
to reforest. We choose to interpret the Korean plan to fl atten emissions 
as covering a period that stretches out over the next fourteen years, so 
that in 2022 the level of emissions is the same as in 2007.27

23 A July 16, 2008, government “green paper,” Carbon Pollution Reduction 
Scheme, reported details on implementation via a domestic cap-and-trade 
program. Rudd’s initiative appears to have domestic political support (The 
Economist, July 26, 2008, p. 52). The government went on to set targets of 
15 percent above 1990 levels by 2020 (FT, Jan. 2, 2009, p. 5) and then 5 
percent below 2000 levels by 2020 (Economist, June 6, 2009, p. 39).

24 “South Korea Plans to Cap Emissions,” International Herald Tribune, March 
21, 2008.

25 “South Korea: Developing Countries Move Toward Targets,” Lisa Friedman, 
ClimateWire, Oct. 3, 2008.

26 This did not stop some environmental groups from criticizing the plan as 
not suffi ciently ambitious. Such criticisms may give political leaders second 
thoughts about announcing any specifi c measures at all, as opposed to sticking 
with banal generalities.

27 One could note, fi rst, that President Lee came to offi ce setting a variety of ambi-



An elaborated proposal for a global climate policy architecture 57

Meanwhile, South Africa has evidently proposed that its emissions 
would peak by 2025 and begin declining by 2030.28

China
Getting China to agree to binding commitments is the sine qua non of 
any successful post-Kyoto plan. Evidently China has announced plans 
to start cutting GHG emissions in 2030. Presumably that means relative 
to BAU, rather than in absolute terms.29 Of course 2030 is later than 
industrialized countries would like. The country is expected to cross the 
threshold of 1 ton of emissions per capita around 2014 and the thresh-
old of $3000 in annual per capita income by 2022. A standard fi ve- or 
ten-year lag between treaty signing and budget period would point to a 
fi rst-cuts budget period around 2024–2027. But persuading Beijing to 
move the 2030 date up by fi ve years is not as critical as persuading it to 
accept some quantitative target in 2010, even if that target only refl ects 
BAU. The reason is that if China does not adopt some binding target in 
the near term, the United States and most developing countries will not 
join, and then the entire enterprise will be undone.

The key questions thus become (1) how to determine the magnitude 
of China’s cuts in its fi rst budget period—that is, for the fi rst period 
in which it is asked to make cuts below BAU; (2) how to determine 
Korea’s cuts in its second budget period; and (3) how to set targets 
for everyone else? (The other regions are Latin America—which logi-
cally should act after Korea but before China in light of its stage of 
 development—Russia, Middle East/North Africa, Southeast Asia, 
India/South Asia, and Africa.) Our general guiding principle is to ask 
countries only to do what is analogous to what has been done by 
others who have gone before them. To put this general principle into 
practice, we apply three factors.

tious goals beyond his power to bring about, especially for economic growth, 
and second that his popularity quickly plummeted. At the time of writing, his 
ability to persuade his countrymen to take serious measures was in question.

28 ClimateWire, Oct. 3, 2008. Statements from environmental or foreign minis-
tries do not necessarily carry a lot of weight, if they have not been vetted by 
fi nance or economics ministries let alone issued by heads of government or 
approved by parliaments. An example would be Argentina’s announcement of 
a target in 1998.

29 This was China’s position in talks near Berlin with fi ve big emerging nations 
(China, India, South Africa, Brazil and Mexico), ahead of the June 2007 G8 
summit in Germany, according to Germany’s environment minister (FT, Dec. 3, 
2007).
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Guidelines for formulas that ask developing countries to 
accept “fair” targets, analogous to those who have gone before

This section discusses the three factors for determining “fair” emis-
sions targets for developing countries. The three factors are additive 
(logarithmically).

We call the fi rst the Progressive Reductions Factor. It is based on the 
pattern of emission reductions (relative to BAU) assigned to countries 
under the Kyoto Protocol, as a function of income per capita. This 
pattern is illustrated in Figure 2.1, which comes from the data as they 
were reported at that time. Other things equal, richer countries are 
asked to make more severe cuts relative to BAU, the status quo from 
which they are departing in the fi rst period. Specifi cally, each 1 percent 
difference in income per capita, measured relative to EU income in 
1997, increases the abatement obligation by 0.14 percent, where the 
abatement obligation is measured in terms of reductions from BAU 
relative to the EU cuts agreed at Kyoto. Normally, at least in their 
early budget periods, most countries’ incomes will be below what the 
Europeans had in 1997, so that this factor dictates milder cuts relative 
to BAU than Europe made at Kyoto. In fact the resulting targets are 
likely to refl ect a “growth path”—that is, they will allow for actual 
emission increases relative to the preceding periods. The formula is:

PRF expressed as country cuts vs. BAU
� EU’s Kyoto commitment for 2008 relative to its BAU � .14 * 
(gap between the country’s income per capita and the EU’s 2007 
income per capita).

The parameter (0.14) was suggested by ordinary least squares (OLS) 
regression estimates on the data shown in Figure 2.1. Other param-
eters could be chosen instead, if the parties to a new agreement wanted 
to increase or decrease the degree of progressivity.

The Latecomer Catch-up Factor is the second element in the formula. 
Latecomers are defi ned as those countries that have not ratifi ed Kyoto 
or for which Kyoto did not set quantitative targets. (Perhaps it should 
also include those like Canada that ratifi ed the treaty but, based on 
current trends, are not expected to meet the goal.) These countries 
should not be rewarded by permanently readjusting their targets to a 
higher baseline. Aside from notions of fairness, such re-basing would 
give all latecomers an incentive to ramp up their emissions before 
signing on to binding targets, or at a minimum would undercut any 
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socially-conscious incentives they might otherwise introduce to reduce 
emissions unilaterally in the time period before they join the system. 
Thus the Latecomer Catch-up factor is designed to close gradually 
the gap between the starting point of the latecomers and their 1990 
 emission levels. It is parameterized according to the numbers implicit 
in the Lieberman proposal to bring US emissions to 70 percent below 
1990 levels by 2050 and the Lee proposal to fl atten South Korea’s 
emissions over a period beginning in 2008. In other words, countries 
are asked to move gradually in the direction of 1990 emissions in the 
same way that the United States and Korea under current proposals 
will have done before them.

The formula for a country’s Latecomer Catch-up Factor (LCF) is as 
follows. Further percentage cuts (relative to BAU plus a Progressive 
Reductions Factor) are proportional to how far emissions have been 
allowed to rise above 1990 levels by the time the country joins in. That 
is, it is given by:

LCF �  α � λ (percentage gap between country’s lagged emissions 
and 1990 emissions).
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The parameter λ represents the fi rmness with which latecomers are 
pulled back toward their 1990 emission levels. The value of λ implicit 
for Europe at the time the Kyoto Protocol was negotiated was suf-
fi cient to pull the EU-average below its 1990 level. But to calibrate 
this formula, the most relevant countries are not European (since 
the Europeans are not latecomers), but rather the United States and 
Korea, since these are the only countries among those that did not 
commit themselves to Kyoto targets whose political leaders have said 
explicitly what targets they are willing to accept in the second budget 
period. The parameters α and λ were chosen as the unique solutions 
to two simultaneous equations representing the US target in bills 
sponsored by Senator Lieberman and the Korean target (a fl attening 
of emissions being interpreted here as holding absolute emissions in 
2022 equal to 2007 levels). The parameters then work out to

α � 0.2115 and λ � �0.3400

Thus:

LCF �  0.2115 � 0.3400 log(country’s current emissions / 
country’s 1990 emissions).30

The third element is the Gradual Equalization Factor (GEF). Even 
though developing countries under our proposal benefi t from not 
being asked for abatement efforts until after the rich countries have 
begun to act, and face milder reduction requirements, they will still 
complain that it is the rich countries that originally created an envi-
ronmental problem for which the poor will disproportionately bear 
the costs, rather than the other way around. Such complaints are not 
unreasonable. If we stopped with the fi rst two factors, the richer coun-
tries would be left with the permanent right to emit more GHGs, every 
year in perpetuity. This seems unfair.

In the short run, pointing out the gap in per capita targets is simply 
not going to alter the outcome. The poor countries will have to live 
with it. Calls for the rich countries to cut per capita emissions rapidly, 
in the direction of poor-country levels, ignore the fact that the eco-
nomic costs of such a requirement would be so astronomical that no 
rich country would ever agree to it. The same goes for calls for massive 

30 If Korea were to back away from its president’s commitment in light of recent 
economic diffi culties, but some other important middle-income country were to 
step up to the plate with explicit and specifi c numerical targets, then the calcula-
tion could be redone.
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transfer payments from the rich to the poor (as in a proposal by the 
Group of 77 developing countries).

When one is talking about a lead time of 50 to 100 years, however, 
the situation changes. With time to adjust, the economic costs are not 
as impossibly high, and it is reasonable to ask rich countries to bear 
their full share of the burden. Furthermore, over a time horizon this 
long some of the poor countries will in any case become rich (and pos-
sible vice versa).

Accordingly, during each decade of the second half of the century, 
the formula includes an equity factor that moves per capita emissions 
in each country a small step in the direction of the global average. This 
means downward in the case of the rich countries and upward in the 
case of the poor countries. Asymptotically, the repeated application of 
this factor would eventually leave all countries with equal emissions 
per capita, although corresponding national targets would not neces-
sarily converge fully by 2100.31

The parameter (δ) for the speed of adjustment in the direction of 
the world average was initially chosen to match the rate at which the 
EU’s already-announced goals for 2045–2050 converge to the world 
average. This number is δ � 0.1 per decade, which is also very similar 
to the rate of convergence implicit in the goals set by the Lieberman 
bills for the United States during 2045–2050. Thus:

GEF �  �0.1 (percentage gap between country’s lagged emissions 
per capita and the world’s).

We expected to have to adjust the δ parameter, and indeed to add 
a fourth parameter for the “aggressiveness” of global emissions 
targets, in order to ensure that no single country was confronted with 
costs above our threshold constraint while still achieving a relevant 
global environmental goal in 2100. By lucky coincidence, our initial 
method of computing δ satisfi ed the economic objectives and delivered 
year-2100 atmospheric CO2 concentrations of 500 ppm. In future 
extensions of this research—where, for example, we will try to hit a 

31 Zhang (2008) and others, motivated by a rights-based approach, propose that 
countries “contract and converge” to targets that refl ect equal emissions per 
capita. The Greenhouse Development Rights approach of Baer et al. (2008), 
as extended by Cao (2008), emphasizes, from a philosophical standpoint, the 
allocation of emission rights at the individual level, though these authors appar-
ently recognize that, in practice, individual targets would have to be aggregated 
and implemented at the national level.
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year-2100 goal of 450 ppm—we will have to adjust δ and probably 
will need to add an aggressiveness parameter, while also adjusting 
some countries’ start dates. One possibility is to write an algorithm 
that searches over these parameters so as to fi nd values that minimize 
the threshold of economic cost to any given country for any given 
year-2100 environmental goal.

The formulas are summarized overall as follows:

Log Target (country i,t ) �  log (BAUi,t ) � (PCFi,t ) � (LCFi,t )
� (GEFi,t),

where the three factors (except in periods when set � 0 as indicated in 
Table 2.2) are given by:

PCFi,t �  log (emission target EU2008/ BAU EU2008) � 0.14 log 
(country i’s income/capt�1 / EU income/cap2007);

LCFi,t �  0.2115 � 0.3400 log  (country i’s emissionst�1 / country i’s 
emissions 1990);

GEFi,t �  � 0.1 log  (country i’s emissions per capitat�1 / global 
average emissions per capitat�1).

The numerical emission target: paths that follow from the 
formulas

Table 2.1, above, reports the emissions targets produced by the formu-
las for each of eleven geographical regions, for every period between 
now and the end of the century. We express the emission targets in 
several terms:

in absolute tons (which is what ultimately matters for determining • 
economic and environmental effects),
in per capita terms (which is necessary for considering any issues of • 
cross-country distribution of burden),
relative to 1990 levels, which is the baseline used for Kyoto, • 
and which remains relevant in our framework in the form of the 
Latecomer Catch-up term, and
relative to the BAU path, which is important for evaluating the • 
sacrifi ce asked of individual countries as they join the agreement in 
the early decades.
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The eleven regions are:

EUROPE =  Old Europe and 
New Europe

US = United States
CAJAZ =  Canada, Japan, and 

New Zealand
MENA =  Middle East and 

North Africa
SASIA =  India and the rest of 

South Asia
EASIA =  Smaller countries of 

East Asia

KOSAU =  Korea, South Africa, 
and Australia (3 coal-
users)

TE =  Russia and other 
Transition Economies

SSA =  Sub-Saharan Africa
CHINA = PRC
LACA =  Latin America and 

the Caribbean

In the fi rst version of this exercise, China sells over a gigaton of 
carbon in 2040. Its permit sales fall off thereafter, as its target kicks in; 
but Southeast Asian countries take its place, selling similar quantities 
in the last two decades of the century. Southeast Asia and sub-Saharan 
Africa registered rather substantial economic gains toward the end of 
the century.32 These gains refl ect the benefi ts of being spared emissions 
cuts and being able to sell permits to richer countries during the period 
when those countries are already implementing reductions. Some may 
judge it appropriate that poor countries register net economic gains 
from the abatement regime, since these are also the countries that will 
bear the heaviest burden from climate change in any case (by virtue 
of the fact that most are located nearer the equator and rely on large 
agricultural sectors). But we judge the massive international transfers 
that are implicit in this scenario to be highly unsustainable politically. 
They are not necessary in any case to satisfy the key economic and 
political constraints laid out at the beginning of this chapter.

Accordingly, subsequent versions of the exercise assign Southeast 
Asia and Africa emission targets somewhat below BAU in the latter 
half of the century, with the result that they do not gain so much for 
the century as a whole. In addition we move forward by ten years 
the date at which China is asked to take on below-BAU targets and 
by fi ve years the date at which the Middle East and North African 
(MENA) countries are asked to do so. An additional reason for this 

32 Tables 2.2a and 2.3a here, and the illustrations in Figures 2.2a–2.5a and 2.7 as in 
Frankel (2008a), report detailed numerical targets by region and year.
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change was to reduce the slackening in global targets—observable as a 
dip in the price of carbon—that would otherwise occur around 2035. 
Results for the case where the four developing regions are given more 
stringent (earlier) targets are given in Tables 2.1 and 2.3b, and in the 
corresponding fi gures. Table 2.2 summarizes the dates at which all 
countries are asked to take on BAU targets and then reductions below 
BAU as governed by the different formula elements discussed previ-
ously (i.e., PRF, LCF, and then GEF).

The United States, even more than other rich countries, is currently 
conspicuous by virtue of its high per capita emissions.33 But its target 
path peaks after 2010 and then begins to decline. Emissions in all 
the rich regions peak by 2015, and then start to decline. Figure 2.2a 
reports aggregate targets for member countries of the Organisation 
for Economic Co-operation and Development (OECD). It also shows 
actual emissions, which decline more gradually than the targets through 
2045 because about 1 million metric tons (equal to 1 gigaton or Gt) 
of carbon permits are purchased on the world market, as is economi-
cally effi cient, out of roughly 4 Gt. (Permit sales to the richer countries 
exceed 1 Gt more often in the version where Southeast Asia and Africa 
are never asked for targets below BAU, and China and MENA start 
cutting emissions below BAU only at later dates.) Though the OECD 
countries buy a substantial amount of reductions in the early decades, 
it is always less than half their total reductions. The share falls off 
sharply in the second half of the century. We assume no banking.

Emissions in the non-rich countries, the TE group (transition 
economies), MENA, China, and Latin America all peak in 2040.34 
Emissions in sub-Saharan Africa and the smaller East Asian econo-
mies all remain at very low levels throughout the century. Figure 
2.3a shows that among non-OECD countries overall, both emissions 
targets and actual emissions peak in 2040, with the latter substantially 
below the former. In other words, the poor countries emit below their 
targets and sell permits to the rest.

Total world emissions peak in 2045 at a little above 10 Gt, in 
the case where China and MENA are given the later starting points 
(Figure 2.4a). They peak ten years earlier, and without exceeding 10 

33 As shown in Figure 2 of Frankel (2008a). The fi gure is omitted here to save 
space.

34 Figure 2 of HPICA Discussion Paper 08-08.
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OECD Emissions
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Figure 2.2b. Emissions path for industrialized countries in the
aggregate—with earlier targets for developing countries
Note: Predicted actual emissions exceed caps by amount of permit purchases.
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Figure 2.2a. Emissions path for industrialized countries in the
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NON OECD Emissions
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Figure 2.3b. Emissions path for poor countries in the aggregate
—with earlier targets for developing countries
Note: Predicted actual emissions fall below caps by amount of permit sales.
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World Industrial Carbon Emissions

0

5

10

15

20

25

20
05

20
20

20
35

20
50

20
65

20
80

20
95

G
tC

BAU Simulated Emissions

Figure 2.4a. Emissions path for the world, in the aggregate—with later 
targets for developing countries

Figure 2.4b. Emissions path for the world, in the aggregate—with earlier 
targets for developing countries
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Gt, in the case where China and MENA are given the earlier starting 
points (Figure 2.4b). In either case, emissions subsequently decline 
rather rapidly, falling below 5 Gt by 2090. Thanks to the post-2050 
equalization formula, emissions per capita converge nicely in the long 
run, falling to below 1 ton per capita toward the end of the century.35

Economic and environmental consequences of the proposed 
targets, according to the WITCH model

Estimating the economic and environmental implications of these 
targets is a complex task. There are many fi ne models out there.36 I was 
fortunate to link up with the WITCH model of FEEM (Fondazione 
Eni Enrico Mattei, in Milan), as applied by Valentina Bosetti.

WITCH (www.feem-web.it/witch) is an energy-economy-climate 
model developed by the climate change modeling group at FEEM. The 
model has been used extensively in the past three years to analyze the 
economic impacts of climate change policies. WITCH is a hybrid top-
down economic model with energy sector disaggregation. Those who 
might be skeptical of economists’ models on the grounds that “tech-
nology is really the answer” should rest assured that technology is 
central to this model. (Economists are optimists when it comes to what 
new technologies might be called forth by a higher price for carbon, 
but pessimists when it comes to how much technological response to 
international treaties will occur absent an increase in price.) The model 
features endogenous technological change via both experience and 
innovation processes. Countries are grouped in twelve regions, when 
Western Europe and Eastern Europe are counted separately, that cover 
the world and that strategically interact following a game theoretic 
set-up. The WITCH model and detailed structure are described in 
Bosetti et al. (2006) and Bosetti, Massetti, and Tavoni (2007).

Original baselines in many models have been disrupted in recent 
years by such developments as stronger-than-expected growth in 
Chinese energy demand and the unexpected spike in world oil prices 

35 Figure 2 of Frankel (2008a).
36 Researchers have applied a number of different models to estimate the economic 

and environmental effects of various specifi c proposed emission paths; see, for 
example, Edmonds, Pitcher, Barns, Baron, and Wise (1992); Edmonds, Kim, 
McCracken, Sands, and Wise (1997); Hammett (1999); Manne, Mendelsohn, 
and Richels (1995); Manne and Richels (1997); McKibbin and Wilcoxen 
(2007); and Nordhaus (1994, 2008). Weyant (2001) provides an explanation 
and comparison of different models.
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that culminated in 2008. WITCH has been updated with more recent 
data and revised projections for key drivers such as population, GDP, 
fuel prices, and energy technology characteristics. The base calibration 
year has been set at 2005, for which data on socio-economic, energy, 
and environmental variables are now available (Bosetti, Carraro, 
Sgobbi, and Tavoni 2008).

Economic effects

While economists trained in cost-benefi t analysis tend to focus on eco-
nomic costs expressed as a percentage of GDP, the politically attuned 
tend to focus at least as much on the predicted carbon price, which in 
turn has a direct impact on the prices of gasoline, home heating oil, 
and electric power.37

Based on the WITCH simulations conducted for this analysis, the 
world price of CO2 under our proposal surpasses $20 per ton in 2015, 
as Figure 2.5 shows. It is then fl at until 2030, as a consequence of the 
assumption that major developing countries do not take on major emis-
sion cuts before then. The price even dips slightly before beginning a steep 
ascent, an undesirable feature. It climbs steadily in the second half of the 
century, as the formula-based targets begin to bite seriously for develop-
ing countries. Before 2050 the carbon price has surpassed $100 per ton of 
CO2. Only toward the end of the century does it level off, at almost $700 
per ton of CO2 in the case where some developing countries are spared 
early cuts, and at $800 per ton in the case where they are not spared.

Most regions sustain economic losses that are small in the fi rst half 
of the century—under 1 percent of income—but that rise toward the 
end of the century.38 Given a positive rate of time discount, this is a 

37 Frankel (1998). This attitude may seem irrational to an economist; after all, 
price effects are largely redistributional. But the public’s instincts may be correct 
insofar as predicted price effects are more reliable indicators of the degree of 
economic dislocation caused by a carbon policy than GDP losses, which are 
subject to larger modeling uncertainty. Furthermore, distributional effects are 
key drivers of political support or opposition to a particular policy.

38 Figure 7 of Frankel (2008a), omitted here to save space, illustrates economic 
costs, expressed as fractions of income, by region, for the case where the devel-
oping countries take on later targets. In this scenario, the highest decade costs 
are borne by China, just toward the end of the century, reaching 4.1 percent of 
income in 2100. (On the other hand the PDV of China’s cost is less than those 
of the United States and several other regions.) The maximum income loss for 
the United States in any decade is 1.9 percent, and for the EU 1.4 percent, both 
occurring around 2080. Earlier drafts use the term “GDP”, but it should really 



76 Jeffrey Frankel

Price of Carbon Permits 

0
100
200
300
400
500
600
700
800

20
05

20
20

20
35

20
50

20
65

20
80

20
95

$/
tC

O
2e

Zoom on Price of Carbon Permits 

0
20
40
60
80

100
120
140

20
05

20
15

20
25

20
35

20
45

$/
tC

O
2e

FRANKEL Architecture

Figure 2.5a. Price of carbon dioxide rises slowly over 50 years, then 
rapidly—with later targets for developing countries

good outcome. No region in any period experiences costs in excess of 
our self-imposed threshold of 5 percent of income. The estimated costs 
of the policy to each country-group, in present discounted value (PDV) 
terms, are reported in Table 2.3a. No country is asked to incur costs 
that are expected to exceed 1 percent of income over the century. Only 

be “national income,” because the value of permit sales is added in, or the value 
of permit purchases is subtracted out. A theoretical cost–benefi t analysis would 
go one step further, and use consumption in place of income; but our motivation 
here is political constraints, and our reading of politics is that consumer welfare 
is not the most relevant measure politically. (In the politics of trade policy, for 
example, importing so that consumption can exceed income is considered bad.)
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China’s costs creep up to 1.1% of income, when it takes on an earlier 
target, in Table 2.3b. (All economic effects are gross of environmental 
benefi ts—that is, no attempt is made to estimate environmental 
 benefi ts or net them out.)

These costs of participation are overestimated in one sense, and 
increasingly so in the later decades, if the alternative to staying in the 
treaty one more decade is dropping out after seven or eight decades of 
participation. The reason is that countries will have already substan-
tially altered their capital stock and economic structure in a carbon-
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Figure 2.5b. Price of carbon dioxide rises slowly over 50 years, then 
rapidly—with earlier targets for developing countries
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Figure 2.6. Loss of aggregate gross world product by budget period, 2015–
2100—with later targets for developing countries

friendly  direction. The economic costs reported in the simulations and 
graphs treat the alternative to participation as never having joined 
the treaty in the fi rst place. In another sense, however, the costs are 
underestimated: anyone who drops out can expect leakage to the hilt. 
Its fi rms can buy fossil fuels at far lower prices than their competitors 
in countries that continue to participate.

Figure 2.6 provides Gross World Product loss aggregated across 
regions worldwide, and discounted to present value using a discount 
rate of 5 percent. Total economic costs come to 0.24 percent of annual 
output in the case where China and MENA start later and Southeast 
Asia and Africa are not given targets below BAU. Overall policy costs 
come to 0.65 percent in the case where the former two start earlier, 
the latter two are given targets below BAU, and as a result the price of 
carbon hits $800 per ton.

Environmental effects

The outcome of this proposal in terms of cumulative emissions of 
GHGs is close to those of some models that build in environmental 
effects or science-based constraints, even though no such inputs were 
used here. The concentration of CO2 in the atmosphere stabilizes at 
500 ppm in the last quarter of the century.
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Figure 2.7a. CO2 concentrations nearly achieve year-2100 concentration 
goal of 500 ppm—with later targets for developing countries

Carbon Concentrations (CO2 only)

300
350
400
450
500
550
600
650
700
750
800

pp
m

v

BAU FRANKEL Architecture

20
05

20
15

20
25

20
35

20
45

20
55

20
65

20
75

20
85

20
95

21
05

Figure 2.7b. CO2 concentrations achieve year-2100 goal of 500 ppm—with 
earlier targets for developing countries



80 Jeffrey Frankel

Based on the modeled concentration trajectory, global average tem-
perature is projected to hit 3 degrees Celsius (°C) above  pre-industrial 
levels at the end of the century, as opposed to almost 4°C under the 
BAU trajectory (Figure 10 in Frankel (2008a)). (Many scientists and 
environmentalists prefer objectives that are substantially more ambi-
tious.) The relationship between concentrations and temperature is 
highly uncertain and depends on assumptions made about climate 
 sensitivity. For this reason both fi gures are reported.

Conclusion

The analysis described here is only the beginning. Several particular 
extensions are high priority for future research.

Directions for future research

A fi rst priority is to facilitate comparisons by tightening some param-
eters to see what it would take to hit a 2100 concentration level of 
450 ppm or 2°C, which is the goal that G-8 leaders supposedly agreed 
to in the summit of July 2009.39 Our fi rst attempts to do this impose 
costs on some countries, in some periods, as high as 10–20 percent 
of GDP, which we regard as not practical. But we plan to try tinker-
ing further with model parameters so as to hit the 450 ppm target 
without any country bearing an unreasonable burden. In the other 
direction, we could also calibrate the adjustment so as to hit a 2100 
target of 550 ppm, again facilitating comparisons.

Second, we could design an algorithm to search over values of some 
of the key parameters in such a way as to attain the same environmen-
tal goal—450 or 500 ppm—with minimum economic cost. To continue 
emphasizing political feasibility, the objective could be to minimize the 
expected income loss for any country in any period, so as to minimize 
the incentive for any country to drop out. Or we could declare that we 
have already specifi ed a suffi cient political constraint (e.g., no loss to 
any country in any period above 5 percent of income), and proceed to a 
cost-benefi t optimization exercise subject to those constraints.

Third, we could compare our proposed set of emissions paths 
to other proposals under discussion in the climate change policy 

39 Financial Times, July 9, 2008, p. 5.
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 community or being analyzed using other integrated assessment 
 models.40 Our hypothesis is that we could identify countries and 
periods in alternative pathways where we believe an agreement would 
be unlikely to hold up because its targets were not designed to limit 
economic costs for each country.

Fourth, we could eventually design a user-friendly “game” that 
anybody could play, choosing different emissions targets for various 
countries over time, and discovering how easy it is to generate out-
comes that are unacceptable, either in economic or environmental 
terms. It would be a learning tool, hypothetically, for policymakers 
themselves. Anyone who believes that the GHG abatement targets pre-
sented in this chapter are insuffi ciently ambitious, or that the burden 
imposed on a particular country is too high, would be invited to try 
out alternatives for themselves. Perhaps a character from an adversely 
impacted country would pop up on the screen and explain to the user 
how many millions of his compatriots have been plunged into dire 
poverty by the user’s policy choices.

Fifth, we could take into account GHGs other than CO2.
Sixth, we could implement constraints on international trading, 

along the lines that the Europeans have sometimes discussed. Such 
constraints can arise either from a worldview that considers it unethi-
cal to pay others to take one’s medicine, or from a more cynical world-
view that assumes international transfers via permit sales will only 
line the pockets of corrupt leaders. Constraints on trading could take 
the form of quantity restrictions—for example, that a country cannot 
satisfy more than Z percent of its emissions obligation by international 
permit purchases. Or eligibility to sell permits could be restricted to 
countries with a score in international governance ratings over a 
particular threshold, or to countries that promise to use the funds for 
green projects, or to those that have a track record of demonstrably 
meeting their commitments under the treaty.

The seventh possible extension of this research represents the most 

40 For example, the CLEAR path proposed by Wagner et al. (2008, Table 2) pro-
poses that by 2050 Russia has cut its emissions 30 percent below 1990 levels, 
China 46 percent below 2012 levels, India 8 percent above 2012 levels, and the 
other non-Annex I countries 23 percent below 2012. The Global Development 
Rights approach of Baer et al. (2008) apparently proposes a US emissions 
target for 2025 that is 99 percent below its BAU path. (These authors might say 
that their general approaches are more important than the specifi c parameter 
values by which they chose to illustrate them. I would say the same of mine.)



82 Jeffrey Frankel

important step intellectually: to introduce uncertainty,  especially in 
the form of stochastic growth processes.41 The variance of the GDP 
forecasts at various horizons would be drawn from historical data. We 
would adduce the consequences of our rule that if any country makes 
an ex post determination in any period that by staying in the treaty it 
loses more than 5 percent of income, even though this had not been 
the expectation ex ante, that country will drop out. At a fi rst pass, we 
could keep the assumption that if one country pulls out, the entire 
system falls apart. The goal would then be to design a version of the 
formulas framework that minimizes the probability of collapse.

A more sophisticated approach would be to allow the possibility that 
the system could withstand the loss of one or two members. We would 
try to account for the effect of dropouts on remaining members, with 
some sort of application of game theory. Ideally we would also try to 
account from the start for the effect of possible future breakdown on 
expectations of fi rms deciding long-term investments. Of course we 
could try other values of X besides 5 percent.

The ultimate objective in making the model stochastic is to seek 
modifi cations of the policy framework that are robust, that protect 
against inadvertent stringency on the one hand—that is, a situation 
where the cost burden imposed on a particular country is much 
higher than expected—or inadvertent “hot air” on the other hand. 
“Hot air” refers to the possibility that targets are based on obso-
lete emission levels with the result that countries are credited for 
cutting tons that wouldn’t have been emitted anyway. Three possible 
modifi cations are promising. First, we could allow for some degree 
of re-adjustment to emission targets in the future, based solely on 
unexpected changes in the evolution in population and income. (Note 
that adjustments should not be allowed on the basis of unexpected 
changes in emissions levels, for to do so would be to introduce moral 
hazard.) Second, when the target for each decade is set, it should be 
indexed to GDP within that budget period. Perhaps the constant of 
proportionality in the indexation formula would simply equal 1, in 
which case it becomes an effi ciency target, expressed in carbon emis-
sions per unit of GDP. This approach would be much less vulnerable 

41 Among the chapters that introduce uncertainty, McKibbin, Morris, and 
Wilcoxen (2008) address two of the most recently relevant unexpected develop-
ments: growth shocks in Asia and a global housing/equity crash.
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to within-decade uncertainty.42 A third possible feature that would 
make the policy more robust and that is strongly favored by many 
economists is an escape clause or safety valve that would limit costs 
in the event that mitigation proves more expensive than expected, 
perhaps with a symmetric fl oor on the price of carbon in addition to 
the usual ceiling.

A politically credible framework

Our results suggest that the feasible set of emission target paths may 
be far more constrained than many modelers have assumed. Lofty 
debates over the optimal discount rate or fair allocation rules might 
prove fairly irrelevant: For many discount rates or cross-country 
allocations, an international climate agreement could at some point 
during the century collapse altogether because it imposes unaccept-
ably high costs on some countries, relative to defecting. Each defec-
tion could raise costs on those who remain in the agreement, thereby 
increasing incentives for further defections and posing the prospect 
of a snow-balling effect. Commitments to a century-long path that is 
highly likely to result in a collapse of the agreement after a few decades 
would not be believed today, and thus might evoke few actual steps in 
the near term toward achieving long-term emission reductions.

The traditional integrated assessment result is that an economically 
optimal path entails relatively small increases in the price of carbon in 
the fi rst half of the century and much steeper ones later. It is interest-
ing that a similar result emerges here purely from political considera-
tions, with no direct input from cost/benefi t calculations.43 This broad 
similarity of results for the aggregate path does not mean that the dif-
ference in approaches does not matter. The framework proposed here 
specifi es the allocation of emission targets across countries in such 
a way that every country is given reason to feel that it is only doing 

42 Lutter (2000).
43 Integrated assessment models (IAMs) tend to give the result that the optimal 

path entails shallow cuts in earlier years and deeper cuts coming only later, 
because (for example) scrapping operating coal-fi red power plants today is 
costly, while credibly announcing stringent goals that will take effect 50 years 
from now would be cheaper, by giving time to plan ahead. Benefi t-cost maximi-
zation, though obviously right in theory, is not the most useful logic in practice, 
because of uncertainty about key model parameters, such as the discount rate, 
and uncertainty about the credibility of such announcements.
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its fair share and in such a way as to build trust as the decades pass. 
Without such a framework, announcements of distant future goals 
are not credible and so will not have the desired effects. Furthermore, 
this framework—in providing for a decade-by-decade sequence of 
emission targets, each determined on the basis of a few principles 
and formulas—is fl exible enough that it can accommodate, by small 
changes in the formula parameters, major changes in  circumstances 
during the course of the century.
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3  The EU emission trading scheme: 
a prototype global system?
Denny Ellerman1

Introduction

The European Union Emission Trading Scheme (EU ETS) can claim 
to be fi rst in many respects. It is the fi rst cap-and-trade system for 
greenhouse gases (GHGs) and it has resulted in by far the largest emis-
sions trading market yet created. These attributes alone make the EU 
ETS worthy of study, but it is another fi rst that provides the motiva-
tion for this chapter: The EU ETS is the world’s fi rst multinational 
cap-and-trade system. As such, it can be seen as a prototype for the 
multinational GHG emissions trading system that is often advanced 
as a possible architecture for an eventual global climate regime (Aldy 
and Stavins, 2008). While the EU ETS is in only its fi fth year of exist-
ence, experience to date with this program provides a preview of the 
issues that are likely to appear in a global system, suggests some useful 
precedents, and offers evidence that some problems may not be so 
 diffi cult after all.

Two important similarities

Two features make the EU ETS appropriate for study as a prototype 
for a global emissions trading system: the weak federal structure of 
the EU and the signifi cant disparities in economic circumstance, insti-
tutional development, and political will that exist among its member 
states. The EU is not a strong federal union like the United States of 
America. Its member states are independent nations that display and 
exercise the principal attributes of sovereignty. While some  authority 
in some domains has been ceded to central European institutions, 

1 Comments on earlier drafts from Joe Aldy, Barbara Buchner, Henry Jacoby, 
Richard Schmalensee, Robert Stavins, Peter Zapfel, and an anonymous referee 
are gratefully acknowledged. The usual disclaimer applies.
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the basic decision-making entity in the EU remains the Council of 
Ministers, which consists of the relevant ministers of the member states 
with carefully negotiated voting rights. The ETS Directive (European 
Council, 2003), which provides the legal basis for the EU ETS, can 
be seen—like all EU directives—as a specialized multinational agree-
ment within the broader framework of the Treaties that established 
the EU itself. Although surely different in many particulars, a global 
trading regime can be expected to exhibit a similarly high degree of 
decentralization.

Just as the EU can mistakenly be seen as possessing a stronger federal 
structure than what political realities allow, so can the common adjec-
tive “European” mask a signifi cant degree of diversity. The demarca-
tion between East and West in Europe is not as marked as that between 
North and South globally, but there are instructive similarities. The dif-
ference in per capita income between the richest and poorest nations in 
the EU spans a signifi cant part of the difference that would exist among 
the major emitting countries of the world. The per capita income of 
Romania and Bulgaria is only a third higher than that of China and 
one-fi fth that of the wealthiest EU nation, Ireland, which has per capita 
income 5 percent higher than that of the United States.2

More than a decade of concerted efforts to transform institu-
tions so that they conform to Western European norms has dimin-
ished East–West disparities, but the results have been uneven and 
remaining differences make participation in the ETS more of a 
challenge for some EU members than for others. Even greater differ-
ences exist in the degree of political will to address climate change 
and the priority accorded to reducing GHG emissions in different 
European  countries—not only between East and West, but perhaps 
also between the southern and northern members of the fi fteen 
West European nations. How all of these nations came to adopt a 
 mandatory  cap-and-trade system is the question that makes the EU 
ETS experience interesting and highly relevant in considering how to 

2 In contrast, the difference between the US states with the lowest and highest gross 
state product (Mississippi and Connecticut) is a factor of two. Luxembourg is 
excluded in the EU comparison because of a high concentration of corporate 
and fi nancial activity that causes that country’s per capita GDP to be 75 percent 
higher than that of Ireland. Delaware is excluded from the US comparison for 
the same reason. The international comparisons are based on International 
Monetary Fund (IMF) statistics for 2005 using purchasing power parity 
exchange rates.
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bridge the economic,  institutional and political differences that indi-
vidual countries will bring to a global regime.

A brief recap of the EU ETS

The EU ETS is a classic cap-and-trade system in that it establishes an 
absolute limit on covered emissions, along with tradable permits—
called European Union Allowances (EUAs)—that convey the right to 
release those emissions. Under the EU ETS almost all EUAs are distrib-
uted for free to affected installations; in turn, affected installations are 
obligated to report their emissions and to surrender an equal number 
of allowances annually. The coverage of the EU ETS is partial in the 
sense that the system includes only carbon dioxide (CO2) emissions 
from electricity generation and most industrial activities. Notably, 
emissions of other types of gases and emissions from transportation, 
buildings, the service sector, and agriculture are not presently included, 
although it was envisaged from the beginning that additional GHGs 
and sectors would be incorporated over time. In its current form, the 
EU ETS covers about 45 percent of the EU’s total CO2 emissions and 
a little less than 40 percent of its total GHG emissions.

The EU ETS was conceived in the late 1990s as a means of ensur-
ing that the then fi fteen members of the EU (EU15) could meet their 
commitments under the Kyoto Protocol in the First Commitment 
Period (2008–2012). In surprisingly short time, this idea matured into 
a cap-and-trade system featuring a three-year “trial” period (from 
2005 through 2007) and a subsequent “real” fi ve-year trading period 
(2008 through 2012) that would coincide with the Protocol’s First 
Commitment Period. This fi rst “real” period would be followed by 
subsequent fi ve-year trading periods.

More signifi cantly, the EU ETS has grown from the original fi fteen 
member states to include thirty countries. This expansion was accom-
plished in three steps: the accession of ten mostly East European 
member states to the EU on May 1, 2004; the subsequent expan-
sion of the EU to include Romania and Bulgaria at the beginning 
of 2007; and the inclusion of three of the four nations constituting 
the European Economic Area (Norway, Iceland, and Liechtenstein) 
beginning in 2008.

The choice of a cap-and-trade system in Europe and the particular 
structure that it assumed are the result of four factors. First, European 
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governments came to recognize in the late 1990s that further meas-
ures would be needed if the EU15 were to meet their common Kyoto 
obligations and that these additional measures would need to be 
adopted at the European level. Second, an EU-wide carbon tax was 
off the table since proposals to enact one had failed in the 1990s—in 
part because fi scal matters, unlike regulatory measures, require the 
unanimous agreement of all member states. Third, early experience 
with the US trading system for sulfur dioxide (SO2) and the embrace 
of trading in the Kyoto Protocol made trading a logical approach. 
Fourth, the recognition that member states lacked not only experience 
with trading systems, but also the infrastructure necessary to support 
such systems prompted the adoption of the trial period to develop 
these prerequisites.

There is now an abundant literature that reports on, analyzes, evalu-
ates, and criticizes the performance of the EU ETS.3 For purposes of 
this discussion, the key accomplishments of the EU approach are that a 
uniform price for CO2 exists across the system, that this price is taken 
into account by most owners of affected facilities when making operat-
ing and investment decisions, and that the requisite trading infrastruc-
ture—including emissions  registries and procedures for monitoring, 
reporting, and verifi cation—are in place. In short, an effective mecha-
nism for limiting GHG emissions in the covered sectors exists and it is 
being used to effect progressively more signifi cant emission reductions.

The rest of this chapter addresses fi ve important aspects of the EU 
ETS as a potential prototype for a multinational system. The fi rst 
aspect concerns a novel contribution of the EU ETS: the use of a 
partial, and time-limited, fi rst or “trial” trading period from 2005 
through 2007. The second aspect involves the role of a central coordi-
nating entity. The third and fourth aspects concern the related issues of 
club benefi ts and appropriate differentiation in the face of increasing 
stringency. The fi fth and last aspect concerns an anticipated problem 
that hasn’t appeared so far in the EU ETS context: public opposition 
to cross-border fi nancial fl ows related to emissions trading.

3 For more comprehensive reports, the reader is referred to the Symposium on 
the EU ETS in the initial issue of the Review of Environmental Economics and 
Policy (Ellerman and Buchner, 2007; Convery and Redmond, 2007; and Kruger 
et al., 2007); Convery, Ellerman and De Perthuis, 2008; and Ellerman and 
Joskow, 2008.
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The trial period approach

The use of a trial period to launch the EU ETS is a novel feature 
and one that commends itself for consideration in the context of a 
global cap-and-trade system. The concept of, and rationale for, a trial 
period was articulated in an early EU Green Paper on GHG trading 
(European Commission, 2000).

As emission trading is a new instrument for environmental protection within 
the EU, it is important to gain experience in its implementation before the 
international emissions trading scheme starts in 2008.

Although formulated in the specifi c context of EU efforts to meet 
Kyoto Protocol obligations, this statement could apply equally to any 
nation that is adopting a cap-and-trade system as an instrument for 
limiting GHG emissions. Furthermore, even those already in a broader 
system might consider a trial period advantageous for ensuring that 
the requisite infrastructure and experience are in place before an 
acceding country becomes a fully participating member.

The EU ETS trial period was defi ned by two key characteristics. 
First, it preceded a more serious commitment and, as the name sug-
gests, it was conceived as a rehearsal for the real thing—in this case, 
reducing the EU’s CO2 emissions suffi ciently in 2008–2012 to ensure 
compliance with the Kyoto Protocol. In a broader context, the same 
approach could be used to rehearse for full-fl edged participation in 
a global system. Second, the trial period was self-contained in the 
sense that allowances from the trial period could not be banked for 
use in the subsequent “real” period. Conversely, allowances could 
not be borrowed from future real periods for use in the trial phase. 
The inability to bank or borrow between the two periods virtually 
assured that the allowance price at the end of the trial period would 
be either zero (if actual emissions were less than required to meet the 
EU-wide cap because left-over allowances would have no value in the 
subsequent trading period), or the penalty price in the opposite case 
(that is, if emissions exceeded the cap, some fi rms would have to pay 
the penalty price for not surrendering enough allowances to cover 
emissions since they could not borrow from the next trading period).4 

4 Recall that the fi nal net position is known with certainty only after it is too 
late to correct any imbalance. The requirement to cover short positions and the 
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Generally, the inability to bank or borrow would be  considered a 
serious defect; however, if the purpose of a trial period is to gain 
experience and to establish the requisite monitoring, reporting, and 
enforcement infrastructure, restricting trading with subsequent com-
pliance periods is more understandable.

The problems that are likely to be encountered in setting up 
an international cap-and-trade system should not be minimized. 
Institutionally, EU member states must be considered more prepared 
and capable of implementing such a system than many of the prospec-
tive participants in a global system. Even so, there were numerous 
diffi culties in setting up the European system. The biggest problem 
was a lack of data at the installation level. Emissions data were needed 
both for the allocation of allowances to covered installations and, 
more importantly, to determine the total number of allowances to be 
distributed by each member state (Ellerman, Buchner and Carraro, 
2007). For instance, the EU ETS turned out to have a surplus of allow-
ances in the trial period largely because the baseline used to project 
future business-as-usual emissions was highly uncertain. In fact, an 
important benefi t of the trial period was that it provided more reliable 
data on actual emissions for included installations. Verifi ed emission 
reports for the fi rst year of the trial period, 2005, became the baseline 
by which the European Commission judged the acceptability of pro-
posed caps for the subsequent (2008–2012) period.

The trial period was even more important for new East European 
member states where the institutional preparation for participating in 
an emissions trading system was arguably not as complete as among 
the EU15. This has rightly been raised as an important issue in con-
sidering the feasibility of a global trading system (Kruger et al., 2007). 
Data defi ciencies in Eastern Europe were greater than they were for 
the EU15 and most of the East European governments required more 
time to set up the requisite infrastructure for trading and enforcement. 
Poland’s registry did not go on line until 18 months after the start of 
the EU ETS; Romania and Bulgaria, which became participants in the 
last year of the trial period, did not have everything in place in time to 
participate effectively in 2007. One of the most encouraging aspects of 

incentive to sell non-bankable surpluses will ensure a price discovery process 
between the end of the compliance period and the surrender date that will result 
in this binary outcome.
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the EU ETS is the evidence that participants and governments in coun-
tries with less institutional capacity can acquire the necessary infra-
structure and become full-fl edged participants within a few years.

Important lessons from the EU ETS trial period concern not only 
the creation of the requisite trading infrastructure, but also the issue 
of program coverage. While an economy-wide, comprehensive system 
that includes all sources is an ideal that may be practicable in some 
instances, the more likely reality is that the power sector and large 
industrial facilities are the most promising candidates for early inclu-
sion in a global system. This was the case in the EU ETS. In keeping 
with the concept of a trial period and recognizing the problems 
involved in setting up a system, the European Commission proposed 
from the beginning to start with those sectors that could most easily 
implement a trading system. In the EU case, existing directives con-
cerning large combustion plants and integrated pollution preven-
tion and control provided a usable regulatory framework—one that 
already implied control of GHGs and energy effi ciency, albeit by 
other means (European Commission, 2000).5 This is not unlike the 
situation in developing economies where power plants and large 
industrial facilities are invariably the fi rst sources subject to pollution 
controls.

Moreover, for those nations already in a global system that seek to 
extend its reach and to effect large GHG emission reductions in other 
countries, the arguments for initial partial coverage will be strong. The 
power sector is often the largest source of emissions in a country, and 
inclusion of large industrial sources will be highly desirable to avoid 
leakage and to lessen competitive concerns on the part of nations 
already participating in the global system. Initial partial coverage need 
not preclude a later, more comprehensive system, although the issue 
will be whether an initial partial approach makes it more diffi cult to 
arrive ultimately at comprehensive coverage.

Expanding program coverage over time is clearly envisioned in the 
EU ETS, and indeed, some expansion has already occurred. Opt-in 
provisions were included in the original ETS Directive, and a number 

5 The ETS Directive explicitly amends the Integrated Pollution Prevention and 
Control Directive to prohibit any member state from establishing a GHG emis-
sion limit for any plant included in the EU ETS, and it further stipulates that 
member states are allowed to forego imposing energy effi ciency requirements on 
plants included in the EU ETS.
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of additional sources and even some other gases have been opted in, 
although the numbers are small. A more signifi cant change will be the 
inclusion of aviation sources. As of 2012, the EU ETS will expand to 
include in-fl ight emissions for all fl ights originating or terminating in 
the EU.6 In addition, the post-2012 amendments to the ETS Directive, 
which were agreed at the end of 2008, will include chemicals and 
 aluminum, two industrial sectors that were initially excluded from the 
EU ETS. These two expansions of scope increase the coverage of the 
EU ETS by about 15 percent and 5 percent, respectively.

Experience with the EU ETS has demonstrated once again that 
rehearsal has merit. Although not currently envisaged as a feature of a 
global trading system, similarly constructed trial periods would seem 
to be a desirable feature, particularly when questions exist concerning 
the institutional readiness of newly acceding nations. For many of the 
same reasons as prevailed in the EU ETS, the trading programs imple-
mented by newly participating members in a global system are likely 
to provide only partial coverage of emissions sources. Expanding 
coverage to additional sectors will be no easier than expanding the 
geographic scope of a trading system, but failure to achieve the ideal 
of full coverage initially is no reason to forego what is practicable.

Defi ning the center

Kruger et al. (2007) note that “the model of decentralization in the 
EU ETS has broken new ground in our experience with emissions 
trading regimes across multiple jurisdictions.” In that model, cap-
setting,7 allocation, monitoring, reporting, verifi cation, registries, and 
enforcement are all the responsibilities of the constituent member 
states, albeit with varying degrees of guidance, review, and approval 
by the European Commission. Among the most important issues to be 
decided in the design of a global trading system is the role and identity 

6 The aviation sector is not completely integrated into the EU ETS because of 
the inclusion of emissions for international fl ights, which are not subject to the 
Kyoto Protocol. A “gateway” will be established that will allow EUAs to be 
used for compliance in the aviation sector, but restrict the use of allowances 
issued to the aviation sector to that sector alone.

7 The system-wide cap in a decentralized system, such as the EU ETS during the 
fi rst and second compliance periods, is the sum of the member state “caps” or 
of the total number of allowances issued by participating countries. Cap-setting 
is the process of agreeing upon these member state totals.
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of a central authority. Again, experience from the trial period of the 
EU ETS suggests some potentially workable solutions.

In considering this issue, it is important to avoid the caricature 
of the European Commission as an over-staffed and over-bearing 
bureaucracy that is slowly but surely snuffi ng out national pre-
rogative and diversity. While the Commission enjoys the power of 
 initiative with respect to EU legislation, along with the duty to ensure 
that existing EU laws are observed by member states, the ultimate 
decision-making institution is the European Council of Ministers, 
which represents the governments of member nations.8 In the end, 
the Commission is the agent of the whole, and its success depends on 
both the powers granted to it by the still sovereign member states and 
on the manner in which those powers are exercised. In the case of the 
EU ETS, a careful distinction must be made between the role played 
by the Commission in the just-completed trial period and the ongoing 
evolution of that role.

The Commission’s role in the trial period

The ETS Directive is unusual as an EU directive in endowing the 
European Commission with specifi c and carefully circumscribed 
functions that are additional to its general powers as an executive 
agent under the European Treaties.9 The most important of these 
specifi c functions concerns the National Allocation Plans (NAPs) in 
which member states determine the total number of allowances to 
be issued and how they will be distributed. The ETS Directive gives 
the European Commission power to review and reject NAPs within a 
limited period of time after the member state notifi es the Commission 
that its NAP is complete.10 This power has proved to be important. 
Without it, the fi nal EU-wide cap in both trading periods to date 

8 A succinct summary of the roles of EU institutions and of the EU’s decision-
making processes can be consulted at: http://europa.eu/institutions/decision-
making/index_en.htm.

9 Most EU directives are simply ‘transposed’ into national law with the 
Commission’s role limited to ensuring conformity of the resulting national laws 
with the EU directive.

10 This provision is emblematic of the delicate balance between the power of the 
center and the prerogatives of constituent members in the EU. Technically, the 
Commission never “approves” a member state’s NAP; it is considered approved 
unless rejected during the Commission’s review.
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would have been higher—by about 15 percent in the initial trial 
period and 10 percent in the subsequent real period. Not surprisingly, 
the Commission’s power to review and reject the allowance budgets 
developed by member states is carefully circumscribed. NAPs are to 
be assessed against various provisions and a set of criteria specifi ed 
in Annex III of the ETS Directive—which is to say, as agreed previ-
ously by the member states meeting in Council. The ETS Directive 
also established a committee of member state representatives to 
provide the Commission with their opinion on the NAPs submitted 
by member states.

So far the Commission has exercised its power to review and reject 
with considerable discretion. In practice, it has focused on three 
 criteria (out of eleven): the total number of allowances member states 
propose to issue (to guard against cap infl ation), the list of installa-
tions to be included and their allocations (to ensure inclusiveness), and 
the absence of ex post adjustments in allocation.11 Equally important 
has been what the Commission has chosen not to insist upon. Despite 
appeals for a more “harmonized” approach, allocation to installa-
tions was sensibly left to individual member states. The committee 
process established by the Directive has also proved useful in letting 
an individual member state know how other member states viewed its 
NAP, thereby enabling the Commission to perform its role as agent of 
the whole more effectively (Zapfel, 2007). Finally, no NAP has been 
formally rejected. Instead an expedient of “conditional approval” and 
“approval with technical changes” was devised whereby a NAP could 
be approved conditional on the adoption of certain changes, which 
have usually been negotiated previously and out of sight. When the 
NAP process for the fi rst period was over, all of the Commission’s 
required changes had been accepted; and only two member states, 
Germany and the UK, took the Commission to court on relatively 
technical matters.

Assessing the NAPs of member states was not the only signifi cant 
function that the Commission performed in the trial period. Equally 

11 What became the Commission’s effective ban on ex post adjustment presents an 
interesting use of discretion. At best, this ban is implicit in the ETS Directive and 
the Annex III criteria. Ex post adjustment would have frustrated the creation of 
an effi cient EU-wide emissions market by substituting an ex post administrative 
redistribution of allowances within each member state for trading among instal-
lations in an EU-wide market.
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important were its efforts to educate member states and to facilitate 
and coordinate their participation. Zapfel (2007) describes the “active 
role” that the Commission took “to assist and guide” member states 
in the preparation of their NAPs and in eliminating “know-how gaps” 
so as to make informed decisions on technical issues. This involved 
commissioning studies on various aspects of allocation, issuing an 
unoffi cial paper elaborating how to prepare an allocation plan, and 
developing amplifying guidance on the review criteria. In addition, 
the Commission was always available and frequently looked to as 
a source of information, expertise, and informal guidance. These 
 frequent and intense bilateral contacts provided a means for sounding 
out various NAP features, narrowing differences, and facilitating fi nal 
agreement.

The evolution of the Commission’s role

The fi rst round of NAP development could best be described as a 
negotiation between individual member states and the Commission in 
which both sides were trying to agree on an allowance total in the face 
of large data uncertainties and some confusion over what installations 
met the defi nition for inclusion. Moreover, the absence of any interna-
tional obligation to limit GHG emissions in these years allowed for a 
more relaxed approach to cap-setting.

All of this would change in the second round of NAP submissions 
for the 2008–2012 trading period. Decisions about the cap became 
more serious since the EU now had a legally binding obligation to 
comply with the limits imposed by the Kyoto Protocol. Also, defi ni-
tional issues concerning what installations were included had been 
largely resolved by the time the second-period NAP notifi cations 
were due in June 2006. But the most important factor in changing the 
Commission’s approach was the release, in May 2006, of verifi ed emis-
sions data for 2005. These data revealed that EU-wide emissions were 
lower than previously thought. Despite the signifi cant reductions that 
the Commission required in the “caps” proposed by member states, 
it became evident that the fi nally approved totals for some member 
states, mostly in Eastern Europe, had involved signifi cant errors in 
assumed baseline emissions. As a result, the Commission decided 
that the point of reference for member state caps in 2008–2012 
would no longer be the fi rst period totals but 2005 verifi ed  emissions. 
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Additionally, the Commission responded to criticisms about inconsist-
ency and lack of transparency in the negotiation of member state caps 
for the trial period by adopting a single, carefully calibrated emissions 
model to project business-as-usual (BAU) emissions in 2010 (the mid-
point of the second trading period) based on verifi ed 2005 emissions 
data combined with expected rates of economic growth and reduc-
tions in carbon intensity (European Commission, 2006).

All of these factors caused interactions between the Commission and 
member states to take on a different tone in the second-period NAP 
exercise. Caps were no longer set on the basis of a negotiation—rather 
they were based on an evaluation of whether the totals proposed by 
member states were consistent with model projections based on veri-
fi ed 2005 emissions. If they were not, and if member states could not 
present either (a) a good reason for departing from the Commission’s 
methodology or (b) evidence of an error in the Commission’s calcula-
tions, the totals were adjusted downward. In taking this approach, 
the Commission effectively put itself in the position of determining 
member state allowance totals and thereby the EU-wide cap. Member 
states might challenge Commission decisions, but the burden of 
proof was shifted heavily against them. This did result in more legal 
challenges to the Commission’s NAP decisions: nine of the ten East 
European countries have sued the Commission over the caps imposed 
on them, although one, Slovakia, withdrew its suit after a slight 
upward adjustment was made to its total.

The trend toward greater centralization of decision making with 
respect to the ETS was taken much further in the post-2012 amend-
ments that were agreed in late 2008. Under these amendments, the 
NAP process is largely abandoned—instead, the overall EU-wide cap 
for the 2013–2020 period and its apportionment among member 
states are specifi ed centrally in the amended Directive. Auctioning (at 
the member state level) will become the primary means for distributing 
national allowance budgets, with some provisions for the transition 
and for exceptions.

Questions for a global system

Experience with the EU ETS suggests that overarching treaties and 
agreements, such as the Kyoto Protocol and the European Burden-
Sharing Agreement, may not be enough to create an effective 
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 cap-and-trade system.12 Assuming that political will or other motiva-
tions are suffi cient to support action, some entity must act as agent for 
the whole and educate, facilitate, and coordinate on behalf of the 
overall system—hopefully with the vision, ability and political realism 
that have characterized the European Commission’s role in the devel-
opment of the EU ETS. That experience also raises two questions: is 
the greater degree of centralization now being pursued in the EU ETS 
necessary in a global system? And what institution would play the role 
of a central authority or facilitator in such a system?

Within Europe, the view is that the ETS trial period was deeply 
fl awed and that greater centralization is the remedy. In part this view 
refl ects a vision of a stronger European political structure that could 
avoid the messiness of decentralized decisions, but it also refl ects some 
of the real problems of the trial period. Yet, despite a high degree of 
decentralization, the ETS trial period did succeed in imposing a price 
on slightly less than half of Europe’s overall CO2 emissions and in 
creating a mechanism for effecting greater reductions in the future. 
The question for a global system is not so much what degree of cen-
tralization is desirable, but what is politically feasible. What may be 
possible in the EU will likely not be feasible in a broader global system 
under which participating nations will retain signifi cant discretion in 
deciding national emission caps, maintain separate national registries, 
and administer monitoring, reporting, and verifi cation procedures at 
a national level. For a global system, the trial period of the EU ETS 
provides a more realistic precedent than the more centralized system 
to which the EU ETS is evolving.

The more diffi cult question is this: what institution could assume 
the functions that the European Commission performed in the ETS 
trial period on a larger global stage? In many ways, the Commission’s 
role in establishing the ETS was accidental. It was not set up for this 
purpose; yet it was there when the occasion demanded, and it played 
its role brilliantly. The Commission can perform the same functions 
for further accessions within Europe, and it would likely represent the 
EU in any future international negotiations concerning linkage with 

12 The European Burden-Sharing Agreement, agreed in 1998, redistributes the 
Kyoto Protocol’s common European target of 8 percent emission reductions 
below 1990 levels among the EU15 in a manner more closely fi tting national 
circumstances. These redistributed targets vary from �27 percent for Portugal 
to �28 percent for Luxembourg.
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trading systems in the United States or elsewhere. Nevertheless, the 
European Commission cannot serve as the center for an emissions 
trading system that extends beyond Europe. Perhaps some entity will 
emerge out of negotiations to link the EU ETS with other national- 
or regional-level trading systems, much as the WTO grew out of the 
expansion of trade, but there should be no doubt that some center for 
a global system will be needed. Otherwise the result will be a system 
far more disjointed and dysfunctional than the trial period of the 
EU ETS is sometimes portrayed as being—or the result may be no 
system at all.

Importance of club benefi ts

It is not the case that all member states of the EU were equally 
resolved to address climate change from the beginning and that all are 
happy with the EU ETS. The UK and Germany, two of the largest EU 
members, advocated a voluntary trading system for the trial period in 
order to preserve existing voluntary arrangements in these countries. 
Spain, Italy, and some other EU15 states agreed to emission targets 
in the European Burden-Sharing Agreement that seem to have been 
viewed more as aspirations than as hard numbers to be achieved by 
later policy commitments. Finally, the East European member states, 
which joined after the system had been designed, had other priorities 
and—with the exception of Slovenia—faced no problems in meeting 
their commitments under the Kyoto Protocol. That the result was a 
mandatory trial period in which all EU members participated is sur-
prising, not least because, in the EU, various forms of exception are 
the rule. Club benefi ts—that is, the advantages that go along with 
membership in some group—largely explain this result.

The story behind the EU ETS has been told elsewhere (Skaerseth 
and Wettestad, 2008), but several elements are important from the 
standpoint of constructing a larger global system. First, it is worth 
noting that the story of how nations came to participate is a little 
different for the EU15 and the new member states. For the EU15, 
a longer experience of working together and a set of prior commit-
ments were important in shaping their participation in the ETS. The 
EU had taken a prominent position in favor of action on climate 
change at, and subsequent to, the Rio de Janeiro Conference in 1992. 
Moreover, this position had wide-spread public support in Europe, 
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especially after the withdrawal of the United States from the Kyoto 
Protocol in 2001. The governments of the UK and Germany might 
advocate for voluntary participation in the trial period, in large part 
due to the strong positions taken by their respective industries, but 
neither government would have been willing to scuttle the deal given 
their existing positions on climate change and their broader interests 
in the EU. As it was, agreement on mandatory free allocation, a tem-
porary opt-out provision, and pooling made mandatory participation 
more palatable to industry and gave the EU15 governments the excuse 
they needed to drop their insistence on a voluntary trial period.13 
Southern member states (Spain, Portugal, Italy, and Greece) that 
could best be characterized as “going along” with the climate policy 
advocacy of their more northern neighbors up to that point, were too 
enmeshed in the broad benefi ts of the EU to give serious consideration 
to ignoring the EU ETS Directive (although for a while it looked as if 
Greece and Italy might do so).

The situation was quite different for the new member states. 
They were not part of the Burden-Sharing Agreement and, with the 
exception of Slovenia, none faced any problems in meeting its Kyoto 
Protocol obligation. New members had lower per capita income and 
faced less public demand for environmental protection, especially for 
a global problem. Finally and more signifi cantly, these countries were 
not at the table as voting members when the ETS was negotiated and 
agreed. When accession became a reality, the common East European 
reaction to the EU ETS was that it was designed by and for the EU15 
and that its provisions did not really fi t the circumstances of the new 
member states (Jankowski, 2007; Chmelik, 2007; Bart, 2007). The 
Directive was, as characterized by Jankowski, “an  ill-fi tting suit,” 
which all nonetheless agreed to wear, albeit amid much and continu-
ing protest.

Notwithstanding this discontent, none of the unhappy new member 
states has pursued their differences to the point of withdrawing from 
the EU ETS. The fi rst period NAP cuts were accepted without more 
than complaint, and while the second period cuts have been fol-

13 Pooling refers to an arrangement whereby individual installations would join 
together to form an entity that would be collectively responsible for reporting 
emissions and receiving and surrendering allowances on their behalf. It was 
anticipated that this arrangement would accommodate voluntary agreements in 
some sectors. In fact, there was little pooling.
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lowed by serious legal challenges to the Commission’s decisions, these 
appeals are being pursued through common European institutions. In 
the meantime, the plaintiff countries are participating in the trading 
scheme on the Commission’s terms, pending the outcome of their legal 
challenges. How these challenges will play out is anyone’s guess, but 
it is hard to imagine any of the plaintiffs leaving the trading system 
in the event of an adverse decision. Too much would be called into 
question. More importantly, the presence of the new member states 
as voting members when the post-2012 amendments were decided did 
infl uence the outcome. The transitional free allocation to electric utili-
ties in most new member states is one result, as is the award of extra 
emissions rights, all within the EU-wide cap, for new member states 
with particularly large post-1990 emissions reductions.

The dissonance between the offi cial positions of the governments 
of new member states and their actions can only be explained by 
the broader benefi ts of belonging to the EU. Whatever the perceived 
disadvantages of mandatory participation in the ETS, those disadvan-
tages pale in signifi cance when compared to the benefi ts of free fl ows 
of labor and capital and access to broader markets that come with 
being a member of the EU club. As Bart (2007) noted perceptively, the 
EU ETS was “just another obligation in the long march to the EU.” In 
sum, though the club benefi ts of EU membership cannot be extended 
to the world, one lesson of the European experience is that similar 
side benefi ts will be needed to induce and maintain participation in a 
global system.

Stringency, differentiation, and harmonization

Club benefi ts largely explain how the EU ETS has grown from the 
initial fi fteen member states to the thirty that now participate. The 
continuing challenge will be to keep everyone in the system when 
emission reduction targets become more stringent, as any serious 
policy that attempts to deal with climate change will require. In partic-
ular, a  confl ict has already emerged between the two reasonable objec-
tives of differentiation and harmonization—and it can be expected to 
get worse as program requirements become more stringent. The same 
confl ict will surely arise in a global system—a prospect that lends 
 particular interest to the resolution found in the EU ETS.
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Differentiation and harmonization defi ned

Differentiation is a well-established concept in climate policy: It origi-
nates in the reference to “common but differentiated responsibilities” 
among nations in the UN Framework Convention on Climate Change. 
“Responsibilities” refers to the burdens or costs that would be assumed 
by countries of differing economic and historical circumstances under 
the Framework. In a multinational trading system, differentiation 
would be expressed by differences in the quantity of allowances 
assigned to a nation relative to what that nation’s  emissions would 
otherwise be.14 Nations assuming greater responsibilities will accept 
lower national “caps” and thereby incur a greater cost burden than 
nations with less demanding totals.

“Harmonization” entered the climate policy lexicon only with the 
implementation of the EU ETS, but this issue will arise in any global 
system also. Harmonization refers to the proposed remedy—presum-
ably through a benchmarked allocation—for what is perceived as the 
unequal treatment of like facilities as the result of a decentralized free 
allocation of allowances. It is intended to address the concern that 
awarding more allowances to an installation in one country than to 
an identical installation in another country is at the least unfair and 
may create a competitive distortion.15 The concept of harmonization, 
which implicitly presumes equality of treatment, calls the whole prin-
ciple of differentiation into question. If all facilities are to be treated 
equally, how can countries be differentiated? And, even if harmoniza-
tion could be achieved for some particular sector, as several industries 
argue should be done in a global system, the burden of differentiation 
would then fall more heavily on non-harmonized sectors.

14 A nation’s emissions may be higher or lower than its “cap” depending on the 
uniform allowance price and the nation’s marginal cost of abatement, but the 
total cost will be greater or smaller depending on the number of allowances 
issued by that country.

15 The claim of competitive disadvantage ought to lack validity for a fi xed, lump-
sum allocation, but it is fi rmly asserted and believed by many in the political 
process. The decision to continue free allocation for installations in trade-
impacted sectors in the post-2012 EU ETS is an example of the effi cacy of this 
argument.
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The current evolution of differentiation and harmonization in 
the EU ETS

The EU ETS is evolving from a trial period that could be character-
ized as having not very stringent targets, imperceptible differentiation 
of cost burdens, and no efforts at harmonization, to a post-2012 
system that will feature increasing stringency, signifi cant differentia-
tion, and near complete harmonization. The lack of stringency in the 
trial period is well known, but the lack of differentiation is not. In 
theory, the caps in place for the trial period were to refl ect the lesser 
of predicted BAU emissions or a “Path to Kyoto” trajectory that was 
consistent with each member state’s emissions-reduction commitment 
under the European Burden-Sharing Agreement (BSA). In reality, the 
absence of good data, the inherent diffi culties of prediction, and press-
ing deadlines for implementation frustrated any efforts to differentiate 
across the burdens imposed on individual member states during the 
trial period, as shown by Figure 3.1.

Figure 3.1 plots the trial period caps for ten representative member 
states in relation to their Kyoto/BSA targets (horizontal axis) and to 
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baseline or recent historical emissions for sectors covered by the ETS 
(vertical axis). Countries to the left of the vertical axis—that is, those 
with a constraining Kyoto/BSA target—might be expected to have an 
EU ETS total that would place them in the lower left-hand quadrant 
along the dashed diagonal. In fact, the caps of these countries look no 
different in stringency than those of the countries to the right of the 
vertical axis.16 Recent emissions were a more important determinant 
of member state NAP totals for the ETS trial period than the country’s 
Kyoto/BSA targets.

This lack of differentiation would change with the second NAP 
round (NAP2) that set member state allowance totals for the 2008–
2012 period. For this period, the cap for the original EU15 plus the ten 
mostly East European countries that joined in 2004 was set at a level 
5 percent lower than verifi ed emissions in 2005 and 12 percent lower 

16 The UK took an explicit leadership position early in the trial period by adopting 
a more demanding NAP that it hoped would set an example for others.
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than the fi rst period cap. Figure 3.2 shows the relationship between 
2005 verifi ed emissions (horizontal axis) and the second period 
national totals (vertical axis), where both are expressed as ratios of 
the fi rst period totals.

For nearly all member states, both their 2005 verifi ed emissions and 
the second period totals are less than in the fi rst period. As is clearly 
evident from Figure 3.2, the lower a member state’s 2005 verifi ed emis-
sions, the lower the quantity of emissions allowances refl ected in that 
state’s NAP for the second phase. However, differentiation starts to 
appear in the graph, as indicated by different countries’ perpendicular 
distance from the diagonal. Spain has the most demanding target with 
2005 emissions 6 percent above, and a NAP2 total 17 percent below, 
its fi rst period total. Slovakia and Lithuania have the least demanding 
NAP2 totals. More generally, new member states are mostly above and 
to the left of the diagonal line, indicating less of a burden, while EU15 
member states are below and to the right of the line, indicating more of a 
burden. The separation between the two groups is not complete, but the 
position of the larger symbols—which aggregate NAP2 emission totals 
for the ten newer member states and the original EU15, each taken as 
a group, indicate that some differentiation has occurred. On average, 
the second period totals for the ten newer members are 3 percent higher 
than 2005 emissions, while those for the EU15 are 7 percent lower.

Still greater stringency and increased differentiation will result from 
the recently agreed post-2012 amendments (European Commission, 
2008).17 Starting in 2013, the overall, EU-wide cap is set to decline 
indefi nitely at a rate of 1.74 percent per year such that emissions by 
2020 would be 21 percent below 2005 verifi ed emissions. At the same 
time, the amendments are designed to achieve greater differentiation by 
assigning the allowances to be auctioned to participating member-state 

17 These amendments are part of an “energy-climate package” that includes a 
series of other measures, some of which, such as the Renewables Directive, 
overlap with the ETS, while others apply exclusively to sectors not in the ETS. 
In particular, member state governments are required to take measures to limit 
non-ETS sector emissions to levels varying from +20 percent to −20 percent 
from the 2005 baseline so as to achieve an EU-wide reduction for these sectors 
of 10 percent below 2005 levels by 2020. All of these measures are aimed at 
ensuring that the EU meets its overall target of reducing total GHG emissions 
20 percent below 1990 levels by 2020. The coordination, internal consistency, 
and effi ciency of these measures leave much to be desired.
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governments according to an agreed formula.18 Eighty-eight percent of 
the allowances to be auctioned would be allocated to member states in 
proportion to their 2005 verifi ed emissions. Another 10 percent would 
be distributed for the purpose of “solidarity and growth within the 
Community” in amounts that would increase the allowance total for 
some member states by percentages that range from 2 percent for Italy to 
56 percent for Latvia. The remaining 2 percent would be awarded to nine 
new member states for which 2005 emissions were 20 percent or more 
below the 1990 level (i.e., all except Slovenia, Cyprus, and Malta).

The amendments state that the basis for most of this differentiation 
is GDP per capita; the same basis for differentiation has also been pro-
posed for a global system (Jacoby et al., 1999) and, as noted in Frankel 
(2007), underlies the targets in the Kyoto Protocol. Figure 3.3 shows 

18 The differentiation formulas apply to auctioned allowances only, and since the 
portion to be auctioned expands over time, they should eventually apply to all 
or nearly all allowances. The number of allowances available for free alloca-
tion will depend on the transitional measures in place, the number of trade-
exempted sectors, and the allocation rules for those sectors. The discussion in 
the text assumes full auctioning in 2020 for the sake of illustration.

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

$0 $10 $20 $30 $40 $50 $60 $70 $80

Per Capita GDP in 2005 (000 US$, PPP basis)

20
20

 v
s.

 2
00

5V
E

Bulgaria

Latvia

CyprusSloveniaMalta

Portugal
Spain

Greece

Belgium
Sweden

Italy Luxembourg
Ireland

Lithuania

Estonia

Poland

Slovakia

Czech RepHungary

Germany
France Finland, UK

Austria, Denmark, Netherlands

Romania

Figure 3.3. 2020 auction rights in relation to 2005 emissions and
per capita GDP
Source: Compiled by the author.



The EU emission trading scheme: a prototype global system?  109

the 2020 allocation of the EU-wide cap, assuming full auctioning, in 
relation to per capita income on a purchasing power parity basis.

Under the 2008 amendments, most of the East European countries 
would receive an allocation that would be equal to or greater than their 
2005 emissions. Relatively better-off new member states—Hungary, 
Czech Republic, Slovenia, Malta, and Cyprus—would receive fewer 
allowances, but still more than any of the EU15. Among the latter 
group, Luxembourg must be set aside because of the tax-advantaged 
activity that gives it an artifi cially high per capita GDP. Otherwise, it 
is clear that the EU15 states are assuming more of the cost burden of 
reducing CO2 emissions. Most of these relatively high-income member 
states would receive allowances equal to 69.5 percent of their 2005 
emissions (or 88 percent of their share, if allowances were simply 
awarded proportionate to 2005 emissions, of an EU-wide cap designed 
to reduce emissions 21 percent below 2005 levels by 2020).

The post-2012 amendments represent the fi rst instance in which the 
benefi ciaries of differentiation in a multinational system had a vote 
in determining the degree of differentiation. Much can and should be 
written about the role of the new member states in the fi nal agreement, 
but the net effect is shown in Figure 3.4.
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The percentages indicate departures from an apportionment of 
the EU-wide total that would be strictly proportional (that is, where 
each state’s allocation would be set to 21 percent less than its 2005 
verifi ed emissions). The initial Commission proposal contained 
signifi cant differentiation as indicated by the fi rst column for each 
member state. Under this proposal, 10 percent of the EU-wide cap 
would be reserved for redistribution in a manner that would result 
in a net subtraction for twelve EU15 countries in favor of three, 
lower-income EU15 countries (Greece, Spain, and Portugal) and all 
of the new member states. In the negotiation of the fi nal package, the 
East European new member states prevailed in arguing that member 
states whose 2005 emissions were at least 20 percent below 1990 
emissions should receive some recognition. An additional 2 percent 
of the EU-wide total was reserved for this “early action” redistribu-
tion, which redounded to the benefi t of eight of the East European 
new member states, and particularly to the three Baltic states, plus 
Romania and Bulgaria.

The post-2012 amendments also present a coherent attempt to deal 
with harmonization. From 2013 on, installations will fall into either 
of two categories: those subject to the basic rule of full auctioning 
and an exceptional category for trade-impacted sectors. There will be 
no free allocation to the electric utility sector starting in 2013 with 
some transitional derogation for new member states through 2020. 
The phase-out of free allocation to other industrial sources will be 
slower—20 percent auctioning in 2013, 70 percent in 2020, and 100 
percent in 2027—with the transitional free allocation based on an 
EU-wide benchmark. Allocation to all of these installations will be 
eventually harmonized with zero free allocation. This is not the allo-
cation rule that those advocating harmonization had in mind, but it 
is an easy and obvious one to administer. Exceptions will continue to 
apply to installations in sectors or sub-sectors that meet pre-specifi ed 
criteria for being “trade-impacted”; these installations will receive a 
free allocation equal to 100 percent of a harmonized best available 
technology standard. Those sectors or sub-sectors will be determined 
by the Commission, after consultation with the European Council, by 
the end of 2009 and every fi ve years thereafter.

The most interesting feature of recent changes in the EU ETS is the cou-
pling of increasing differentiation with increasing stringency. If a global 
approach is to be “broad then deep” (Schmalensee, 1998), participants 
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will fi nd themselves in a situation not unlike that of the EU member 
states. An initial broad phase, like the trial period of the EU ETS, may 
not require much differentiation; however, as the system enters the deep 
phase (more stringent emission reduction requirements), differentiation 
will become an increasingly important issue. In its recently completed 
negotiation of amendments for the post-2012 period, the EU ETS has 
provided a preview of the magnitude of differentiation that may be 
required. In this case, 12 percent of the system-wide cap will be redistrib-
uted in a manner that will require the “leader” countries to give up 9.5 
percent of what they would receive under a proportional entitlement in 
order to allow the less committed, less wealthy, or otherwise deserving 
benefi ciaries to receive as much as 50 percent more than they would be 
entitled to under a strictly proportional system.

Financial fl ows

Before concluding, note should be taken of the absence, in the EU 
context, of a problem that has commonly been anticipated for a global 
trading regime. A trading system implies trade among participat-
ing entities and accompanying fi nancial fl ows between participating 
nations. These fl ows are likely to be larger to the extent that differen-
tiation creates differences in the apportionment of the system-wide cap 
that go in the same direction as comparative advantage in abatement. 
For instance, modeling exercises commonly predict that the cheapest 
abatement options will be found in the same developing countries that 
most analyses assume will be the benefi ciaries of global differentia-
tion. The concern is that these two factors would combine to create 
large international fl ows of capital at a level that is politically or oth-
erwise untenable. A remarkable feature of the EU ETS is that there has 
been virtually no notice of the cross-border fi nancial fl ows that have 
occurred as a result of emissions trading.

Despite all the birthing problems of the EU ETS, the market for 
EUAs has been very liquid and has resulted in cross-border fi nan-
cial transfers among entities within the participating member states. 
The 26 x 26 matrix attached as an appendix provides a table of the 
country of origin of all the EUAs surrendered during the three years 
of the trial period.

Several points are immediately obvious. First, most of the allow-
ances issued and surrendered were not traded outside the member state 
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in which they were issued. Of the total 6.15 billion EUAs surrendered, 
5.79 billion (94 percent) were surrendered in the issuing member state, 
as indicated by the diagonal entries in this matrix. The off-diagonal 
entries are the international fl ows, which accounted for only 354 
million EUAs or 5.8 percent of the total. The small share of interna-
tional trading refl ects what could be expected and is usually observed 
with free allocation. That is, most entities that receive free allowances 
keep them for later surrender against their own emissions. Typically, 
only the allowances left over after the installation covers its own emis-
sions, or those needed to cover emissions when its allocation is not 
enough, are traded. The difference between allowances issued and 
emissions to be covered at installations in different countries can be 
measured. The sum of the shorts (emissions > allowances) for all instal-
lations for the entire trial period was 650 million EUAs, and the sum of 
the longs (emissions < allowances) at installations with surplus EUAs 
was 810 million (Trotignon and Ellerman, 2008). At a minimum, 650 
million allowances were redistributed from longs to shorts. This fi gure, 
slightly more than 10 percent of the total allowances issued, largely 
explains the relatively small scale of the international transfers.

While the quantity of allowances traded internationally is very 
modest relative to the total quantity of allowances issued and sur-
rendered, the scale of international transfers is large compared to 
what would have been required to ensure the compliance of the four 
member states that were short for the period as a whole: the UK, Italy, 
Spain, and Slovenia. For all installations to be in compliance in these 
four countries, EUAs suffi cient to cover at least 88 million tons would 
have had to fl ow across EU borders. The actual level was four times 
higher. Even if the many offsetting fl ows between trading pairs are 
eliminated, the sum of net fl ows is 217 million—two and a half times 
the minimum international transfer required for compliance by all 
covered sources. If national preferences for keeping allowances within 
domestic borders had been strictly observed, there would have been 
only four member states importing allowances. In fact, twenty-two 
of the twenty-fi ve member states were importers of EUAs in some 
amount, although only seven were net importers.19

19 The net importers were the UK, Spain, Italy, Germany, Austria, Ireland, and 
Slovenia. Germany, Austria, and Ireland were net importers despite being long 
for the period as a whole due to a phenomenon that occurred in all member 
states: some surplus allowances at long installations appear never to have entered 
the market. See Trotignon and Ellerman (2008) for a more complete discussion.
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Another way of looking at this phenomenon is counting how many 
of the off-diagonal cells in the matrix shown in the appendix are fi lled. 
There are 650 such cells of which 470 (72 percent) are occupied and 
thus indicate a cross border transfer. For most pairings, trade goes both 
ways, and for many member states the net fl ows with various trading 
partners are not all in the same direction. For instance, Germany is a 
net importer in the aggregate and in trading with most partners, but it 
is a net exporter to the UK, Italy, and Spain.

Market intermediaries and institutions largely explain the abun-
dance of cross-border transactions. Installations with a defi cit or a 
surplus looked to market intermediaries to obtain needed EUAs, or 
to dispose of excess EUAs, and these intermediaries operated at a 
Europe-wide scale. For instance, a UK fi rm that had a surplus might 
sell to a broker or at an exchange with the result that the surplus 
allowances would as likely be sold to a fi rm that was short in Spain as 
to a fi rm that was short in the UK. With EUAs good for compliance 
regardless of origin and with zero transportation costs, surplus allow-
ances were as likely to cross a border as not.

The absence of any public concern about international allowance 
fl ows can be largely attributed to their small scale relative to the total 
number of allowances in play and to the indifference that buyers and 
sellers exhibited concerning the national origin of EUAs. The UK was 
by far the largest importer of EUAs, with net imports totaling 107 
million tons for the period as a whole, which was equal to 14 percent 
of the UK’s verifi ed emissions. Placing a value on these imports is dif-
fi cult given the variability in EUA prices at different points in time, 
but the year when the allowance import bill was highest in value 
terms was 2006, when EUA imports would seem to have created a 
£350 million (≈ €500 million) outfl ow of funds from the UK. While 
this might be seen as a large amount, it pales in comparison to pay-
ments for other goods and services imported to the UK in 2006, which 
totaled about £415 billion.20 Payments to  foreigners for allowances 
were less than one-tenth of 1 percent of the total bill for imported 
goods and services. The amount in future years could be larger due to 
higher EUA prices and perhaps higher levels of imported allowances, 
but this fl ow would still be a small part of total payments abroad 
for goods and services. One Euro-skeptic organization in the UK, 
which regards the EU ETS as emblematic of all that it dislikes about 

20 Given as $768 billion in IMF Statistics.
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Brussels, has consistently criticized the transfers to the rest of the 
EU that are implied by the UK’s short position in allowances (Open 
Europe, 2006), but this complaint has failed to fi nd any traction 
either with the public or the government. Several other aspects of the 
EU ETS have caught the attention of the public and governments—
windfall profi ts, over-allocation, high initial prices—but not interna-
tional fl ows of funds as a result of cross-border  allowance trades.21

Conclusion

Europe has demonstrated that it is possible to construct a multina-
tional cap-and-trade system that encompasses sovereign nations with 
considerable disparities in economic circumstance and degrees of 
willingness to adopt climate change measures. At the same time, the 
European experience points to the problems that exist in multina-
tional systems and in doing so reveals the distance to be traveled in 
replicating something similar on a global scale.

The encouraging aspect of the EU ETS experience to date is the 
evidence it offers that some of the problems often cited as impeding 
a global system may not be that serious. The institutional disparities 
between East and West in Europe are not as great as those between 
North and South on the global scale, but they are still large. It took 
more time to put the regulatory infrastructure needed to support 
trading in place in Eastern Europe than it did in the West, but it was 
done, and companies in the new member states are not only comply-
ing, but are increasingly learning to price CO2 into their operational 
and investment decisions. The EU’s adoption of a multiyear trial 
period has set a useful precedent for dealing with issues of institutional 
readiness that could be employed in a global system.

Another problem that did not appear is political or public opposi-
tion to the fi nancial fl ows that accompany international trading. Most 
of the allowances issued by individual member states were surrendered 
in the same country, and international transfers were a small percent-
age of the total, though they were larger than what might have been 
expected assuming a national preference for avoiding cross-border 
trades unless absolutely necessary. The widespread use of cross-border 

21 For a more complete discussion of these other controversies, see Ellerman and 
Joskow (2008).
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transfers for compliance refl ects the role of intermediaries, which 
operate in an EU-wide market, in redistributing the differences 
between allocations and emissions that existed for all installations. 
Surplus allowances were as likely to end up in another member state 
as in the one in which the selling installation was located; similarly, 
allowances purchased to cover emissions were as likely to come from 
surpluses at installations in other member states as from other installa-
tions in the same country.

The more problematic question raised by the EU ETS, when seen 
as a prototype for a global system, is how to reproduce what was 
essential for success in Europe: namely, a pre-existing central structure 
and a well-established set of powerful side benefi ts. The European 
Commission cannot perform the same role on a global scale, nor can 
the benefi ts of participation in the EU be extended beyond Europe. 
Perhaps a central institution suited for administering a global system 
will emerge out of bilateral agreements that might link the EU ETS 
with comparable systems outside of Europe. In any case, some central 
authority or institution will be needed to review regulatory actions, to 
coordinate periodic adjustments of the system-wide cap, and to nego-
tiate with new participants. The side benefi ts for participation may not 
need to be as powerful as those associated with becoming a member 
of the EU, but the experience in Europe suggests that something more 
will be needed than an overarching treaty and an appeal to common 
concern about climate change. This is not a unique challenge. In diplo-
macy, issues are inevitably linked, and inducements will be needed if 
there is to be a global climate regime.

Mechanisms developed to address the differentiation of responsi-
bilities among nations (such as cap setting and allowance allocation) 
could also serve to deliver incentives for participation, but the EU 
ETS did not operate this way. The fi rst step was to get everyone in 
and then to deal with the tensions between stringency, differentiation, 
and harmonization. In the recently negotiated amendments to the ETS 
Directive for the post-2012 period, increasing stringency is accompa-
nied by greater differentiation, and harmonization is to be achieved 
by phasing out free allocation in favor of auctioning with appropriate 
exceptions for trade-impacted sectors. How well this will work in 
Europe and whether it could be applied on a global scale have yet to 
be seen, but at least the problem has been engaged, and a pertinent 
example is being established.
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4 Linkage of tradable permit 
systems in international 
climate policy architecture
Judson Jaffe and Robert N. Stavins*

As the nations of the world consider alternative international climate 
policy architectures for the post-2012 period, tradable permit systems 
are emerging as a preferred domestic instrument for reducing green-
house gas (GHG) emissions. The two most signifi cant institutions for 
reducing GHG emissions implemented to date—the European Union 
Emission Trading Scheme (EU ETS) and the Clean Development 
Mechanism (CDM)—are tradable permit systems. Furthermore, trad-
able permit systems are being considered as the primary policy instru-
ment for reducing GHG emissions in Australia, Canada, Japan, and 
the United States, among other countries.

Due to the increasingly likely prospect of a world with multiple 
tradable permit systems, attention has focused on how and whether to 
link these systems. Linking occurs when regulated entities in one trad-
able permit system are allowed to use emission allowances or emission 
reduction credits from another system to meet their domestic compli-
ance obligations.1 These entities can then take advantage of cost savings 

 * Jaffe is Vice President, Analysis Group, and Stavins is the Albert Pratt Professor 
of Business and Government at the John F. Kennedy School of Government, 
Harvard University; University Fellow of Resources for the Future; and Research 
Associate of the National Bureau of Economic Research.  This chapter draws, in 
part, on Jaffe and Stavins (2007), which built upon previous studies by Haites 
and Mullins (2001), Baron and Bygrave (2002), Blyth and Bosi (2004), Baron and 
Philibert (2005), Ellis and Tirpak (2006), and Kruger et al. (2007).  Exceptionally 
valuable research assistance was provided by Matthew Ranson, and we benefi t-
ted greatly from communications with Scott Barrett, Denny Ellerman, Robert 
Keohane, and David Victor, as well as valuable comments by Joseph Aldy, Dallas 
Burtraw, and Peter Zapfel on a previous version of the manuscript, and excellent 
editorial work by Marika Tatsutani.  All remaining errors are our own.

1 Such linkage of domestic tradable permit systems is completely different from 
the state-to-state trading envisaged under Article 17 of the Kyoto Protocol, 
whereby signatories to the Protocol can trade parts of their quantitative 
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from international trade: just as allowance trading within a tradable 
permit system allows higher-cost emission reductions to be replaced 
by lower-cost reductions within that system, trading across systems 
allows higher-cost reductions to be replaced by lower-cost reductions 
from a different system. These cost savings create signifi cant incentives 
for regulatory authorities to link tradable permit systems.

Despite the benefi ts of linkage, there are also legitimate concerns 
about the implications of some linkages. These concerns depend, in 
part, on the type of linkage involved. One concern is that directly 
linking two cap-and-trade systems will result in the complete and 
automatic propagation of cost-containment measures from one system 
to the other. On the other hand, indirect linkage among cap-and-
trade systems via a common credit system could adversely affect 
global emissions if the credit system suffers from severe additionality 
 problems—that is, the crediting of emission reductions that are not 
truly “additional” because they would have happened anyway.

Thus, there is an important trade-off between direct linkages, which 
can require a high degree of harmonization, and indirect linkages via 
a common credit system, which raise concerns about additionality. 
This trade-off may suggest a natural progression. In the near term, 
indirect linkage of cap-and-trade systems via a common credit system 
could achieve some of the cost savings of direct linkage, but without 
the need for as much harmonization. In the longer term, international 
negotiations could lead to a broad set of multilateral, direct links 
among cap-and-trade systems.

We examine the benefi ts and concerns associated with international 
linkage and analyze how linkage may become part—possibly a central 
part—of the post-2012 international climate policy architecture. 
Section 2, Categories of tradable permit systems, introduces the two 
general categories of tradable permit systems: cap-and-trade and 
emission-reduction-credit systems. Section 3, Greenhouse gas trad-
able permit systems, reviews existing and proposed GHG tradable 
permit systems. Section 4, Types of linkages, describes the major types 
of linkages and provides examples of existing linkages. Section 5, 
Implications of linkage, examines the general implications of linkage, 

national targets or “assigned amounts.” Also, the sort of linkage we consider is 
distinct from agreements between countries or systems for various other forms 
of collaboration, such as joint funding of research and development.

 Footnote 1 (cont.)



Linkage of tradable permit systems  121

including potential benefi ts and concerns. Section 6, The potential role 
of linkage in an international climate policy architecture, discusses the 
possible roles that linkage might play in future international policy 
architectures, both in the near term and in the long term. Section 7, 
Evaluating the role of linkage in an international policy architecture, 
provides an evaluation of linkage in its various roles. In Section 8, 
How will near-term climate policy negotiations affect bottom-up link-
ages?, we examine how the policy elements of near-term climate nego-
tiations could affect the prospects for linkage. Section 9 concludes.

Categories of tradable permit systems

Because the implications of linkage depend on the type of tradable 
permit systems that are being linked, it is essential to distinguish 
between two categories of systems: cap-and-trade and emission-reduc-
tion-credit systems.

Cap-and-trade systems

A cap-and-trade system constrains the aggregate emissions of regulated 
sources by creating a limited number of tradable emission allowances, 
which emission sources are required to secure and surrender in number 
equal to their emissions. Faced with the choice between surrendering 
an allowance or reducing their emissions, fi rms will choose whichever 
option is less expensive. As long as trading costs are low and allowance 
markets are suffi ciently competitive, trading will lead fi rms to put allow-
ances to their highest-valued use—that is, covering those emissions that 
are most costly to reduce—regardless of how the allowances are initially 
distributed (Stavins 1995; Hahn 1984). Conversely, the opportunity to 
trade allowances ensures that the emissions reductions undertaken to 
meet the cap are those that are the least costly to achieve.

In developing a cap-and-trade system, policymakers must decide 
on several design elements (Stavins 2008). They must determine how 
many allowances will be issued, which defi nes the system’s cap. They 
must also determine the scope of the system’s coverage—that is, what 
emission sources and types of GHG emissions will be subjected to the 
overall cap. A related decision regards the point of regulation for the 
trading system. A cap on energy-related carbon dioxide (CO2) emis-
sions can be enforced by requiring fossil fuel suppliers to surrender 
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allowances for the carbon content of their fuel sales (“upstream” 
regulation) or by requiring fi nal emitters to surrender allowances for 
their emissions (“downstream” regulation).

Policymakers also must determine how to distribute allowances. 
Allowances can be distributed for free or auctioned, or a combination of 
the two approaches can be employed. If allowances are distributed for 
free, there are limitless possible methods for determining who receives 
them and how many allowances go to each recipient. Finally, policy-
makers must decide on several features of the cap-and-trade system 
relating to monitoring, reporting, and compliance enforcement.

A key concern for many countries that are developing mandatory 
climate policies is uncertainty regarding compliance costs. In the context 
of a cap-and-trade system, this concern is often expressed as concern 
about the level and volatility of allowance prices. Accordingly, much 
attention has been given to the potential inclusion of “cost-contain-
ment” measures in cap-and-trade systems, such as offset provisions, 
allowance banking and borrowing, and safety-valve provisions.2 An 
offset provision allows regulated entities to offset some of their emis-
sions with credits from emission reduction measures that are outside the 
cap-and-trade system’s scope of coverage. Banking allows fi rms to save 
unused allowances for use in future years. Borrowing allows fi rms to use 
allowances that will be issued in future years to demonstrate compliance 
in an earlier year. Both banking and borrowing allow fi rms fl exibility to 
shift emission reduction efforts over time to minimize costs.

A safety valve puts an upper bound on the compliance costs that 
fi rms will incur by offering them the option of paying a predeter-
mined fee (the safety-valve “trigger price”) to purchase additional 
allowances. In its simplest form, a safety valve introduces a tradeoff 
between avoiding unexpectedly high costs and achieving a system’s 
emissions target. When a safety valve is exercised, fi rms’ emissions 
exceed the number of allowances that were initially distributed. 
However, this tradeoff can be mitigated (or potentially eliminated) 
through provisions such as reducing subsequent years’ caps to com-
pensate for any increase in emissions that results from use of the safety 
valve (Stavins 2008).3

2 For a discussion of these and other cost-containment proposals, see Tatsutani 
and Pizer 2008.

3 More broadly, a comprehensive, symmetric safety-valve mechanism could 
provide both a price ceiling and a price fl oor (Murray, Newell, and Pizer 2009).
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Emission-reduction-credit systems

An emission-reduction-credit system brings about emission reductions 
by awarding tradable credits for certifi ed emissions reductions. Some 
programs that are described as credit systems can be quite similar to a 
cap-and-trade system.4 Therefore, when we refer to credit systems, we 
are describing systems that have a few key differentiating characteris-
tics. First, participation in the systems is voluntary. Second, the systems 
serve only as a source of credits that can be used by entities facing com-
pliance obligations in other systems. They do not themselves impose any 
obligations on entities to hold or surrender credits. Third, the systems 
grant credits for particular projects based on an estimate of how those 
projects reduce emissions from some agreed-upon baseline level of what 
emissions would have been if the projects had not been carried out.

In designing a credit system, policymakers must determine what 
types of emission sources and actions can be awarded credits. For 
example, certain emission reduction projects may be excluded from 
consideration due to concern about the feasibility of measuring results 
accurately. Also, policymakers must decide on a method for calculat-
ing the number of credits that are awarded. These calculations can 
be performed on a project-by-project basis, or they can be based on 
standard assumptions applied to all projects of a particular type. In 
either case, it is necessary to estimate what baseline emissions would 
have been absent the credited action.

Greenhouse gas tradable permit systems

Although there are only a limited number of existing GHG tradable 
permit systems, the list of planned and prospective systems is consider-
ably longer. The increasing number and prominence of such systems 
together with the existence of strong economic and political incentives 
for linking them provides the motivation for our analysis of linkage as 
a potential element of the post-2012 international policy architecture. 
In this section we provide a brief review of some of the major existing, 
planned, and proposed GHG trading systems.

4 For example, a credit system may set individual emissions limits for fi rms, and 
allow them to generate tradable credits if they reduce their emissions below 
their assigned limit. Such a system would be essentially identical to a cap-and-
trade system where each fi rm is allocated a quantity of allowances that refl ects 
its specifi c emissions limit.



124 Judson Jaffe and Robert N. Stavins

Cap-and-trade systems

European Union Emission Trading Scheme (EU ETS)
The EU ETS is the world’s largest GHG cap-and-trade system. Phase 
I of the EU ETS, from 2005 through 2007, capped aggregate CO2 
emissions from more than 11,000 industrial facilities and electricity 
generators in twenty-fi ve European countries (European Commission 
2005). Those sources collectively emitted approximately 2 billion 
metric tons of CO2 in 2005, about 45 percent of the EU’s CO2 emis-
sions (European Commission 2005, 2007b). The EU ETS cap has been 
tightened for Phase II, which runs from 2008 through 2012. Also, the 
scope of the EU ETS has been expanded to cover new sources in coun-
tries that participated in Phase I, and to include sources in Bulgaria 
and Romania, which acceded to the EU in 2007.5 In 2008, the EU 
made various revisions to the design of the system that will become 
effective in 2013 (European Commission 2008).

Norway’s emission trading system
Norway began implementing an emissions trading system at the same 
time as the EU ETS. From 2005 to 2007, the Norwegian program 
covered a relatively small set of industrial sources accounting for just 
10–15 percent of the country’s GHG emissions (Norwegian Ministry 
of the Environment 2005). Norway subsequently agreed to adjust its 
system to conform to the rules and procedures of the EU ETS, with 
which it was integrated in 2008. These adjustments included broad-
ening the scope of covered emission sources, such that Norway’s 
system now covers approximately 40 percent of its GHG emissions 
(Euractiv.com 2007).

Japan’s emission trading system
Japan has had a Voluntary Emissions Trading System (JVETS) in 
operation since April 2006, but participating facilities have accounted 
for no more than a few million tons of Japan’s annual GHG emissions, 
which exceeded 1.3 billion metric tons in 2004 (Sudo 2006; Japanese 

5 For an assessment of the EU ETS as a model for a potential future international 
climate policy architecture, see the chapter in this volume by Denny Ellerman. 
The performance of the EU ETS is analyzed in a symposium of three articles 
published by the Review of Environmental Economics and Policy, Volume 1, 
Number 1, Winter 2007.
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Ministry of the Environment 2006). After considerable national dis-
cussion and debate, Prime Minister Yasuo Fukuda announced in June 
2008 that the government would employ a cap-and-trade system as 
its main instrument to achieve ambitious reduction targets of 60–80 
percent below current levels by 2050 (ABC News 2008).

Australia’s proposed system
Following a change of government in December 2007, Prime Minister 
Kevin Rudd lent his support for the implementation of a cap-and-
trade system by 2010 (and for his country’s ratifi cation of the Kyoto 
Protocol). In July 2008, the Australian government released a green 
paper with its detailed plan for a national cap-and-trade system 
to reduce CO2 emissions 60 percent below 2000 levels by 2050 
(Australian Government 2008). Based upon feedback from stakehold-
ers, the government released a white paper later in 2008.

Regional Greenhouse Gas Initiative and other regional efforts
in the United States
In 2005, seven northeastern US states agreed to implement the Regional 
Greenhouse Gas Initiative (RGGI), which three additional northeast-
ern states subsequently joined.6 The program, which began in 2009, 
introduced a cap-and-trade system for electricity generators within the 
ten states. Two auctions of RGGI allowances were completed in 2008. 
The program places an aggregate cap on covered generators’ emissions 
equal to nearly 190 million tons of CO2 per year from 2009 to 2014, 
a level roughly comparable to those generators’ recent emissions. 
From 2015 to 2018, the cap will be reduced by 2.5 percent per year. 
In addition to RGGI, other regional and state efforts to limit GHGs in 
the United States have begun. One of the most prominent has resulted 
from California’s enactment of its Global Warming Solutions Act of 
2006, which set a statewide GHG emissions limit for 2020 equal to 
California’s 1990 emissions level. In its October 2008 “scoping plan,” 
the California Air Resources Board (2008) included a statewide cap-
and-trade system for all energy-related CO2 emissions as one of the 
key elements of its proposal for achieving the 2020 target.

6 Participating states include Connecticut, Delaware, Maine, Maryland, 
Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and 
Vermont.
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Proposals for a federal cap-and-trade system in the United States
Several bills proposing a federal GHG cap-and-trade system were 
introduced in the 110th US Congress. These draft bills differed in many 
important respects, including the scope of the system’s coverage, the 
level of the cap, and the measures included to address cost concerns. It 
appears increasingly likely that a meaningful economy-wide cap-and-
trade system will be adopted by the United States in 2009 or 2010.

Proposed Canadian system
In 2008, the Canadian Government announced its intention to 
 implement a national regulation requiring reductions in the  emissions 
 intensity of major stationary sources of GHG emissions, which together 
account for about half of Canada’s GHG emissions (Environment 
Canada 2008). Regulated sources would be required to achieve an 
18 percent reduction in their emissions intensity from 2006 levels by 
2010, and an additional 2 percent reduction in each year thereafter. 
Among other compliance options, regulated sources could rely on 
emissions trading with other sources that have reduced their emissions 
intensity by more than the required amount.

Emission-reduction-credit systems

Clean Development Mechanism (CDM)
Established under the Kyoto Protocol, the CDM is the most signifi cant 
GHG emission-reduction-credit system to date. Under the CDM, certi-
fi ed emission reductions (CERs) are awarded for voluntary emission 
reduction projects in developing countries that ratifi ed the Protocol, 
but are not among the Annex I countries subject to the Protocol’s com-
mitments to limit emissions. While CERs can be used to meet the emis-
sions commitments of Annex B Parties to the Protocol (where Annex B 
refers to the thirty-four industrialized countries and emerging market 
economies of central and eastern Europe that took on targets under the 
Protocol), they may also be used for compliance purposes by entities 
in cap-and-trade systems around the world, including systems in coun-
tries that are not Parties to the Protocol, such as the United States.7

7 For example, under certain circumstances (and to a limited extent), regulated 
entities could use CERs to meet their compliance obligations under the RGGI 
system (RGGI 2007a).
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An Executive Board established under the Kyoto Protocol is 
responsible for supervising the CDM and for making determinations 
about CERs issued for particular projects. From project initiation, it 
can take as long as two or more years to go through that process, and 
the cost of the process (not including the cost of the actual emission 
reduction measures) can be substantial (Nigoff 2006; Michaelowa 
and Jotzo 2005). Nonetheless, as of August 2008, more than 3,000 
projects were in the CDM “project pipeline.” These projects are 
expected to generate more than 2.7 billion CERs by the end of 2012 
(each CER refl ects a reduction of 1 metric ton of CO2 equivalent). 
Of these projects, the Executive Board had already registered more 
than 1,100 that are expected to yield 1.3 billion CERs by 2012. 
As of August 2008, projects in China accounted for 52 percent of 
the expected CERs from registered projects; other countries that 
accounted for a signifi cant share of the total are: India, 14 percent; 
Brazil, 9 percent; and South Korea, 7 percent. Projects in forty-six 
other countries collectively accounted for the remaining 19 percent 
(UNFCCC 2008).

Joint Implementation (JI)
Like the CDM, JI was established as a project-based fl exibility 
mechanism under the Kyoto Protocol. However, unlike the CDM, 
JI applies to emission reduction projects carried out in an Annex 
I country (the host country) that has a national emissions target 
under the Protocol. JI projects generate credits or “emission reduc-
tion units” (ERUs) that can be used to cover increased emissions 
in other countries. When these credits are generated, a correspond-
ing reduction is made in the host country’s emissions target under 
the Protocol. This ensures that the use of ERUs to cover increased 
emissions in another country is offset by a net reduction in the host 
country’s emissions.

JI projects will likely produce far fewer credits than the CDM. 
The Joint Implementation Supervisory Committee began accepting 
proposals in October 2005 (Pointcarbon 2007). By August 1, 2008, 
it had received submissions for only 163 projects, accounting for an 
estimated 280 million tons of CO2-equivalent emission reductions 
over the fi ve years of the Kyoto Protocol’s fi rst commitment period 
(UNEP Risoe Centre 2008).
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Domestic offset programs
In designing domestic cap-and-trade systems, governments can estab-
lish offset programs to credit GHG abatement measures involving 
gases or sources that are not covered by the cap. These offset credits 
can then be used by regulated entities to meet compliance obligations. 
For example, electricity generators covered by RGGI can use domestic 
offsets to cover part of their emissions. RGGI has identifi ed a set of 
project types that can be implemented to generate offset credits, as 
well as standards for determining the number of allowances awarded 
to different projects (RGGI 2007a). Cap-and-trade systems pro-
posed in Australia, Canada, and the United States also include offset 
programs.

Types of linkages

A linkage between tradable permit systems can take different forms, 
which in turn can have important implications for how each of the 
linked systems is affected. Direct linkages between systems can be 
one-way (unilateral) or two-way (bilateral or multilateral). Also, 
while an explicit decision is required to establish a direct link between 
systems, direct links can introduce a set of indirect linkages that were 
perhaps never explicitly intended (Jaffe and Stavins 2007).

Direct linkages

To establish a direct link between two systems, either one or both 
systems must accept the other’s allowances or credits as valid for use 
in demonstrating compliance in its own system.

Direct link between a cap-and-trade system and credit system
In this case, regulatory authorities in the cap-and-trade system choose 
to recognize emission reduction credits from the credit system. Because 
the credit system does not place requirements on entities to surrender 
credits or allowances, this linkage is necessarily one-way. If the price 
of credits is lower than the price of emission allowances, then regu-
lated fi rms in the cap-and-trade system have an incentive to purchase 
credits. This will reduce the price of allowances in the cap-and-trade 
system and increase the price of credits in the credit system until the 
two prices converge.
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Direct link between cap-and-trade systems
Cap-and-trade systems can recognize allowances from other cap-
and-trade systems. The resulting linkage can be one-way or two-way, 
depending on whether the recognition is mutual.

An example of an unrestricted one-way link would be if System 
A recognizes System B’s allowances without restriction, but not vice 
versa. In that case, if System A’s allowance price is higher than System 
B’s, participants in System A will buy allowances from participants in 
System B, thereby reducing System A’s allowance price and increasing 
System B’s price until the prices converge. Such trading will increase 
emissions in A and decrease emissions in B, as higher cost emission 
reductions in A are avoided and replaced by lower cost reductions in 
B. However, if System A’s allowance price is lower than System B’s, 
no trading will result from the one-way link. Hence, a one-way link in 
which A recognizes B’s allowances will ensure that A’s allowance price 
never exceeds B’s price.

In a two-way direct link, both cap-and-trade systems recognize each 
other’s allowances, making it possible for allowances to fl ow in either 
direction. Two-way links can be bilateral or multilateral. In this case, 
any difference between the systems’ allowance prices will lead to sales 
of allowances from the lower price system to the higher price system 
until both systems’ allowance prices converge at an intermediate level. 
The result is an increase in emissions in the higher price system and an 
offsetting reduction in emissions in the lower price system.

If governments place limits on inter-system trading, allowance 
price convergence may not be complete. A government may limit 
the quantity of allowances from another system that can be used to 
demonstrate compliance in its own system. Alternatively, participants 
in a system may be allowed unrestricted use of another system’s allow-
ances, but an “exchange rate” might be applied to their use. Such a 
requirement might be used to reconcile differences in the denomina-
tion of allowances used in the different systems (e.g., metric tons vs. 
short tons), to reduce inter-system trading, or to ensure that trading 
leads to a net reduction in emissions.

Indirect linkages

Even if neither system recognizes the other’s allowances, two systems 
can become indirectly linked through direct links with a common 
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third system. As a result of trading between each of the two systems 
and the common system, developments in one of the indirectly linked 
systems can affect the supply and demand for allowances in the other 
system. Hence, changes in the allowance price and emissions level 
in one system can affect the allowance price and emissions level in 
another system, even if they are only indirectly linked.

Indirect linkages arising from one-way links between multiple cap-
and-trade systems and a common credit system
Indirect links can be created between two cap-and-trade systems if 
both have one-way links with a common credit system. As a result 
of such one-way links, the two indirectly linked systems will compete 
for credits from the third system. This indirect linkage will reduce the 
difference between the two cap-and-trade systems’ allowance prices, 
as credits will fl ow to the system with the higher price. In fact, if there 
is a suffi cient supply of credits at a price below pre-linkage allowance 
prices in the two cap-and-trade systems, linkage will cause prices in all 
three systems to converge fully.

Indirect linkages arising from links between cap-and-trade systems
A series of bilateral links among several systems can also create indi-
rect links among those systems. This kind of indirect linkage is identi-
cal in its effects to a direct multilateral link among all of the systems 
involved. For example, if System A has a two-way link with System B, 
which has a two-way link with System C, then trading will lead allow-
ance prices to converge across all three systems even though A and C 
are not directly linked.

Examples of Existing Linkages

The fact that some linkages have already been established among trad-
able GHG permit systems refl ects the strong incentives that govern-
ments face to establish these connections.

One-way linkages
Through its “Linking Directive” (2004/101/EC), the European Union 
has allowed EU ETS participants to use CDM CERs to meet com-
pliance obligations beginning in 2005, and JI ERUs beginning in 
2008 (European Commission 2004). These linkages are subject to 
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 restriction, however. CERs and ERUs generated from nuclear facili-
ties, land-use change, and forestry activities are not recognized, and 
quantitative limits are placed on the use of CERs and ERUs (European 
Commission 2007a).8 The effects of this linkage are already apparent 
in secondary markets for CERs, where EU ETS allowance prices are 
considered a major factor infl uencing CER prices (Carbonpositive 
2008).

In the United States, the model rule governing the implementation 
of the northeastern states’ RGGI system allows for several types of 
one-way links. Covered sources may use emission reduction credits 
from qualifi ed domestic offset projects, subject to quantitative limits 
that depend on the prevailing RGGI allowance price (RGGI 2007a). 
At most, no more than 10 percent of a source’s emissions can be 
covered by offset credits. When and if the RGGI allowance price 
exceeds a specifi ed threshold, which increases over time, sources have 
the additional option to use CERs and allowances from other coun-
tries’ cap-and-trade systems, such as the EU ETS, in meeting their 
compliance obligations.9 However, sources are still required to cover 
at least 90 percent of their emissions with RGGI allowances.

The EU ETS as an example of multilateral two-way linkage
The EU exercised central authority in deciding some aspects of the 
design of the EU ETS, such as the sectors that are covered by the 
system. However, to date, EU member states have had signifi cant 
autonomy and responsibility with respect to many other aspects of 
the system within their jurisdiction, including: determining how many 
allowances to allocate; determining how to allocate allowances; and 
overseeing the monitoring, verifi cation, and reporting of emissions. 
Thus, the EU ETS can be viewed as an example of multilateral linkage 

8 The European Commission has placed limits on the use of CERs and ERUs in 
each member state at a level necessary to ensure that the total use of CERs and 
ERUs by each member state—including, but not limited to use in the EU ETS— 
constitutes no more than half of the reductions necessary to meet that member 
state’s Kyoto target, as modifi ed by the reallocation of its target under the 
European Union’s “bubble.” For a description of the method that the European 
Commission employs to determine these limits, see European Commission 
(2007a), paragraph 6.

9 The threshold price is an infl ation-adjusted amount that begins slightly below 
$11 per ton of CO2 (in 2005 US dollars) and increases by 2 percent per year in 
real terms.
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among individual member states’ own systems, where a central 
authority enforces the harmonization of certain characteristics of each 
system, and where allowances issued by any member state are recog-
nized by all other member states.10

Implications of linkage

Linking tradable permit systems leads to diverse effects that need to 
be considered in assessing the merits of particular linkages, as well as 
the merits of linkage more generally as a major design element of the 
de jure or de facto post-2012 international policy architecture. These 
effects depend on the type of linkage established and on the character-
istics of the systems being linked.

Benefi ts of linkage

The most signifi cant benefi t of linkage is the opportunity to lower 
the costs of achieving emission reduction goals by shifting reductions 
among linked systems in a manner that minimizes total compliance 
costs. A second benefi t is that linkage broadens the market for allow-
ances and credits, which can improve market liquidity, reduce price 
volatility, and mitigate market power concerns.11 If one or both of the 
linked systems is small, the benefi ts from broadening the market for 
allowances and credits can be very important. A third benefi t of linkage 
is that it offers the opportunity for nations to establish “common but 
differentiated responsibilities,” consistent with the United Nations 
Framework Convention on Climate Change (United Nations 1992), 
without increasing the cost of achieving global emission targets. That 
is, as long as two systems are linked, they can cost-effectively achieve 
a particular collective emissions target regardless of how emission 
reduction responsibilities are initially allocated across those systems. 
These attributes of linkage are likely to make it an important element 

10 In his chapter in this volume, Denny Ellerman makes this point, as well as a 
broader one—namely, that the EU ETS provides a range of valuable lessons 
for the development of a post-2012 international policy architecture. In addi-
tion to the linkages among EU member states, two-way linkages were recently 
established between the EU ETS and Norway’s emissions trading system, and 
between the EU ETS and systems in Iceland and Liechtenstein.

11 Of course, linkage also exposes participants to new sources of price volatility 
from other linked systems (McKibben and Wilcoxen 2007).
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of any cost-effective, long-term effort to reduce GHG emissions in 
which tradable permit systems feature prominently.

Under certain circumstances, linkage can also decrease global emis-
sions by reducing emissions leakage. For example, linkage between a 
cap-and-trade system and a credit system reduces the cap-and-trade 
system’s allowance price, and therefore reduces emissions leakage 
from that system. In some cases, this benefi t may be substantial. 
For example, leakage is a serious concern in the RGGI system in the 
northeastern United States: analyses have found that nearly half of 
the projected emission reductions at covered plants could be offset by 
increased emissions at plants outside the RGGI area (RGGI 2007b). 
Thus, by reducing leakage, a link between RGGI and a credit system 
could reduce global emissions.

Concerns about linkage

While linkage may reduce global emissions in some circumstances, a 
potential concern is that it could increase global emissions under other 
circumstances. For example, any cap-and-trade system that establishes 
a one-way linkage with a credit system must confront the problem of 
“additionality”: some emission reduction credits offered by a credit 
system may not represent truly additional emission reductions because 
of the diffi culty of establishing a baseline against which reductions can 
be measured. A considerable amount of research on credit systems 
such as the CDM has focused on this problem.12 Also, though linkage 
can reduce overall emissions leakage under certain circumstances, its 
effect on allowance prices in the linked systems can increase leakage 
under other circumstances.

In some cases, the distributional implications of linkage also may 
be a source of concern. Just as international trade changes the prices 
faced by producers and consumers in different nations, allowance 
trading across systems raises allowance prices in one of the linked 
systems and reduces prices in the other system. Hence, while yield-
ing overall cost savings, linkage can create both winners and losers. 
Impacts on any fi rm participating in one of the linked systems depend 
on changes in the allowance price that the fi rm faces, and on whether 

12 See the chapters in this volume by Keeler and Thompson; Teng et al.; Plantinga 
and Richards; Cao; Pizer et al.; Somanathan; and Victor.
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that fi rm is a net allowance buyer or seller. Also, because changes 
in allowance prices affect the prices of energy and other emissions-
intensive goods, linkage can have signifi cant effects on fi rms and 
households that do not directly participate in trading. Likewise, by 
changing the production costs of fi rms that are emissions-intensive or 
that rely on emissions-intensive inputs, linkage can have signifi cant 
effects on competitiveness. While these effects may be positive in one 
of the linked systems, they may be negative in the other.

The ability to trade allowances across systems will lead to capital 
fl ows between countries. Because any trading is voluntary, these 
capital fl ows are necessarily benefi cial to the entities involved in the 
trading. Others, however, may object—especially if these capital 
fl ows are large (Bradsher 2007; Summers 2007). Notably, this has not 
been a problem in the EU ETS, although the capital fl ows within that 
system to date have been relatively small (Ellerman, this volume).

An additional concern related to linkage is that it can reduce 
national control over the design features and impacts of a domestic 
tradable permit system. Once one system links to another, its allow-
ance price and emissions consequences are infl uenced by develop-
ments in the linked system(s), including possibly decisions made by the 
government(s) overseeing the linked system(s). The degree to which 
linkage reduces a country’s control over its domestic system can depend 
in part on the relative size of the linked systems. While the allowance 
price in linked systems will fall between the price levels that character-
ized each system prior to linkage, it will tend to be closer to the larger 
system’s pre-linkage price. For example, prior to linking with the EU 
ETS, Norway was able to infl uence the allowance price in its system 
through its decisions about how many allowances to issue and what 
sources to include under its cap. Yet, given the size of Norway’s system 
compared with that of the EU ETS, once the link was established, the 
Norwegian government’s decisions ceased to have much impact on the 
allowance price faced by regulated entities in Norway.13

Although linkage can reduce a government’s control over the 
impacts of its tradable permit system, that control already may be 

13 At the same time, some of the design elements of even a small cap-and-trade 
system can have substantial effects on a much larger system, once the systems 
are linked. An example of such an element is an unrestricted safety valve (that is, 
the willingness of regulators in the smaller system to sell an unlimited quantity 
of additional allowances at a pre-determined price).
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limited by connections with other systems through trade in emissions-
intensive products. The extent of such infl uences depends, among 
other factors, on the ease with which emissions generating activity can 
shift between systems in response to differences between them. For 
example, if the EU’s member states had pursued separate, unlinked 
cap-and-trade systems instead of creating the EU ETS, those systems 
nonetheless would have had a signifi cant infl uence on one another 
as a result of competition in emissions-intensive product markets 
within Europe. In contrast, if cap-and-trade systems are established 
in Australia and the United States, absent a direct or indirect link 
between them, these systems likely would have very little infl uence on 
one another. In such a case, the competitive implications of linkage for 
the control that each government has over its own system would be 
more important.

Of course, the concern about linkage reducing a nation’s control 
over its domestic trading system is simply a specifi c case of the general 
consequence of being open to international trade of any kind. The 
only way that a country can maintain complete control over the price 
of any good it produces is to isolate itself from the world economy, 
trading off increased control for decreased economic welfare.

A fi nal concern about linkage is that it can alter the incentives that 
countries face with respect to setting their future caps (Helm 2003; 
Holtsmark and Sommervoll 2008). In particular, by changing allow-
ance prices in each of the linked systems, linkage alters the trade-off 
that a government faces between the value it can create by issuing 
additional allowances and the marginal environmental damage that 
arises from issuing additional allowances. Moreover, by expanding the 
scope of the allowance market, linkage reduces the impact that issuing 
additional allowances would have on allowance prices, and therefore 
on the value of existing allowances.

Implications of different types of linkage

The degree of control that a government can retain over its domestic 
trading system depends in part on whether linkage is one-way or two-
way. Two-way linkages can increase or decrease domestic allowance 
prices. Also, two-way linkages lead to complete propagation of cost 
containment measures across the linked systems, including banking, 
borrowing, and measures that provide for a cost cap or safety valve. 
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In contrast, one-way linkages can only reduce the price of allowances 
in the system that establishes the link. Likewise, one-way linkages will 
allow cost containment measures to propagate in only one direction—
from the system with which a link is established to the system that 
establishes the link.

The effects of linkage also depend on whether a connection is 
being established between two cap-and-trade systems or between a 
cap-and-trade system and an emission-reduction-credit system. For 
example, linkage that involves an emission-reduction-credit system 
raises the issue of additionality. On the other hand, a link between 
two cap-and-trade systems can raise other concerns that may be less 
signifi cant in linking with a credit system. For example, the increase 
in allowance prices in one of two linked cap-and-trade systems may 
have more far-reaching economic consequences—such as by increas-
ing domestic energy prices—than would the increase in credit prices 
resulting from linkage between a cap-and-trade system and credit 
system.

Even though (unconstrained) two-way linkages are more certain to 
equilibrate international allowance prices, one-way links between cap-
and-trade systems and a common credit system can achieve some and 
perhaps much of the cost savings and risk diversifi cation that could 
be achieved by establishing direct two-way links among all of the 
cap-and-trade systems. In fact, if the common system has a suffi cient 
supply of credits or allowances at a price below the allowance price of 
the least stringent linked cap-and-trade system, one-way links between 
cap-and-trade systems and that common system can cause allowance 
prices in all of the linked systems to converge.

The potential role of linkage in an international climate policy 
architecture

The potential role of linkage is limited by political and institutional 
factors. In particular, establishing direct linkages between cap-and-
trade systems may require mutual recognition of emission targets, har-
monization of certain design elements, and agreement on procedures 
for making future adjustments to the linked systems, including the 
setting of future emission caps. Therefore, in the near term, some direct 
links will be less attractive and more diffi cult to establish than others. 
However, indirect linkages among cap-and-trade systems resulting 
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from direct linkages between cap-and-trade systems and a common 
emission-reduction-credit system may achieve some, and perhaps 
most, of the cost savings and other advantages of direct links among 
cap-and-trade systems. As a result, indirect linkages via an emission-
reduction-credit system such as the CDM could become an important 
part of a near-term international climate policy architecture.

Near-term role

Direct and indirect linkages already function as key operational ele-
ments of the existing global climate policy architecture and may 
become increasingly important in the future. In this sense, linkage is 
emerging from the bottom up as a core element of a de facto interna-
tional policy architecture, which may carry beyond the end of the fi rst 
commitment period of the Kyoto Protocol in 2012. Moreover, new 
connections among existing and emerging tradable permit systems will 
undoubtedly be established in the future.

Pairs or groups of nations, particularly those which are important 
trading partners, will likely establish direct two-way links between their 
respective cap-and-trade systems. For example, Norway, Iceland, and 
Liechtenstein have agreed to link their cap-and-trade systems with the 
EU ETS (Ellerman, this volume). However, for the reasons discussed 
above, it may take more time to establish direct links between other 
cap-and-trade systems. At the same time, many of these cap-and-trade 
systems may nonetheless become indirectly linked through a common 
credit system, such as the CDM or some alternative, future protocol 
for crediting emission reductions achieved in developing countries.

Although a web of mostly indirect links may not result in a maxi-
mally cost-effective global market for GHG reductions, particularly 
in the near term, these indirect links may still yield much of the cost 
savings and other advantages of a comprehensive system of direct 
linkages. Moreover, this approach will not require the same degree of 
harmonization of cap-and-trade design elements as would direct links. 
However, the effi cacy of this scenario depends heavily on an effective 
and widely accepted international credit system.14

14 For further discussion of critical issues associated with credit systems, we refer 
readers to other chapters in this volume, including those by Agarwala; Teng et 
al.; Cao; Pizer et al.; Somanathan; and Victor.
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An international policy architecture that consisted solely of linked 
national-level tradable permit systems would not guarantee broad 
participation. Yet, as we explore in a later section, some forms of 
linkage may induce participation, encourage compliance, and even 
lead to more stringent commitments.

Long-term role

It is possible that a comprehensive set of linkages, combined with uni-
lateral emissions reduction commitments by many nations, could func-
tion as a stand-alone international climate policy architecture. Such a 
bottom-up architecture could emerge as more countries establish 
national cap-and-trade systems and begin to seek gains from linking 
with other systems. These countries also might use the prospect of 
linkage as a means of providing incentives to developing countries to 
participate in an international agreement.

A second possibility is that a collection of bottom-up linkages might 
serve as a natural starting point for negotiations leading to a top-
down agreement. An existing system of linkages may help to develop 
the experience and mutual trust necessary for global negotiations to 
succeed. Furthermore, as we discuss below, any future agreement is 
likely to be heavily infl uenced by the status quo system of existing 
linkages and institutional investments.

A third possibility, not mutually exclusive with the second, is that 
linkage could become an element of a larger, global policy architec-
ture. Because the trade-related cost savings available to linked systems 
will grow as countries adopt increasingly stringent targets, there are 
strong economic reasons for policymakers to favor linkage. Thus, 
a future global architecture could incorporate a set of direct links 
among domestic cap-and-trade systems as a key design element.

Evaluating the role of linkage in an international policy 
architecture

We assess three ways in which linkage can contribute to a future inter-
national climate policy architecture: (1) as an independent, bottom-up 
architecture; (2) as a transition to a top-down architecture; and (3) as 
an element of a larger climate agreement. Our assessment is both posi-
tive and normative in the sense that we identify the likely outcomes in 
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each case, and then evaluate these outcomes based on a set of norma-
tive criteria.

Linkage as a bottom-up international policy architecture

Linkages among national and regional cap-and-trade systems and 
with the CDM (or its successor) are likely to continue to evolve. 
Could such a set of linkages, established without central coordination, 
function as an effective, stand-alone, bottom-up international policy 
architecture?

Although such an architecture would need to include certain other 
design elements, including emissions reduction commitments and 
participation incentives, its distinguishing feature would be that it 
would grow organically from pre-existing direct and indirect link-
ages. Indeed, if international negotiations for a successor to the Kyoto 
Protocol are unsuccessful, then a set of linkages could well become the 
de facto post-2012 architecture. We assess this architecture in terms 
of its likely environmental performance, cost-effectiveness, and distri-
butional equity.

The degree to which a system of bottom-up linkages could satisfy 
our fi rst criterion of meaningful environmental performance depends 
on whether: (a) participants set suffi ciently stringent environmen-
tal targets, (b) a suffi cient number of key countries participate, and 
(c) participants comply.

With regard to whether participants will set meaningful environ-
mental targets, commitments to reduce emissions in an architecture 
of bottom-up linkages would result from unilateral decisions by indi-
vidual nations, or from negotiations among small groups of nations. 
In developed countries, internal political support would probably be 
the driving force behind the adoption of more stringent emission caps 
(Keohane and Raustiala, this volume), whereas adoption of emission 
caps in developing nations could depend upon incentives provided by 
committed developed countries.

As described above, direct linkages between cap-and-trade systems 
can affect the incentives that countries face in setting future caps. To 
address the possibility that linkage may create incentives for some 
countries to adopt less stringent future caps, countries could negoti-
ate cap trajectories as a condition for linkage (Flachsland et al. 2008). 
Another possibility, however, is that cost savings from a system of 
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linkages will allow some countries to adopt more aggressive targets 
than they otherwise would.

Participation among industrialized countries in an architecture of 
bottom-up linkages is likely to be high. As emphasized above, many 
of these countries and regions have begun to move toward setting up 
meaningful cap-and-trade systems, and some links have already been 
established. On the other hand, participation by developing countries 
will most likely be conditional on participation incentives provided by 
industrialized countries.

Positive incentives for developing-country participation (“carrots”) 
could take at least three forms. One is access to demand for the emis-
sion reduction credits that a developing country could produce. In fact, 
the CDM already provides such incentives. A second form of incentive 
is the potential gain from becoming a net seller of allowances. Finally, 
side payments in the form of technical or development assistance can 
be used to induce participation. In contrast, negative incentives for 
participation (“sticks”) could take two forms. First, industrialized 
countries could establish border carbon taxes and/or import allowance 
requirements (Frankel, Trade, this volume; Houser et al. 2008; Stavins 
2008). Second, access to international markets for permits could be 
conditioned on participation and graduation to a more demanding set 
of commitments. No matter what incentives are considered, however, 
a bottom-up system on its own may not provide the institutional struc-
ture necessary to coordinate such participation incentives.

With respect to whether participants would be likely to comply 
with a policy architecture of bottom-up linkages, the picture is no 
worse—and indeed may be better—than for some top-down, central-
ized architectures. In contrast to the Kyoto approach, which leaves 
the implementation of international targets up to each member state, 
a bottom-up system would only include industrialized nations where 
domestic institutions are suffi cient to enforce compliance. It would 
also only include developing nations where international carrots and 
sticks, such as revenue from permit sales and the threat of loss of 
access to markets for emissions credits, outweigh the costs of partici-
pating. As a result, one advantage of a bottom-up system of linkages, 
compared with a top-down system, is that it provides no incentive 
for countries to make commitments they do not intend to keep. 
Compliance by industrialized countries will probably be enforced by 
domestic political will. Compliance by developing countries can be 
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enforced by a combination of the carrots and sticks discussed above, 
such as the threat of loss of access to markets for emissions credits.15

The second major criterion by which we can assess an international 
policy architecture of bottom-up linkage is cost-effectiveness. This is 
straightforward. Because linking cap-and-trade systems creates gains 
from trade for the participating countries, such an architecture has the 
potential to be cost-effective in the sense that it can allow countries to 
achieve their collective emission targets at minimum cost. This would 
be the case if the bottom-up system of linkages includes a suffi cient 
set of direct two-way linkages or if there are enough indirect linkages 
through a common credit system that has an adequate supply of low-
cost credits to bring about a convergence of allowance prices.

A third important criterion is distributional equity. As described 
above, linkage can create both winners and losers within each of the 
linked systems, along with capital fl ows from cross-border allowance 
trades. The political implications of these distributional effects are not 
obvious. First, the distributional implications of linkage will depend in 
part on how individual countries choose to allocate allowances in their 
own cap-and-trade systems. Also, while the political will to participate 
in a system of linkages will depend in part on the distribution of costs 
and benefi ts, it is unclear whether individual political systems will give 
greater weight to costs and benefi ts that are concentrated in particular 
industries or to costs and benefi ts that are distributed broadly across 
an entire economy.

A bottom-up system of linkages is already evolving and could func-
tion well in the near term if no top-down, post-2012 international 
policy architecture emerges. However, for a bottom-up system to 
achieve meaningful long-term environmental performance and a high 
degree of participation, it will require the major emitting countries—
the United States, the European Union, Russia, Japan, China, India, 
and other key countries—to reach an agreement regarding emissions 
targets and incentives for participation. Without the cooperation of 
these countries, it is unlikely that global GHG emissions could be 
reduced by enough to prevent major climate change.

15 To ensure compliance, a bottom-up system of linkages would need all trading 
partners to have comparably effective internal monitoring, reporting, and 
enforcement mechanisms. Harmonization of such measures is likely to occur 
during negotiations to establish the terms of linkage between particular 
systems.



142 Judson Jaffe and Robert N. Stavins

Bottom-up linkage as a step toward a top-down architecture

A collection of linked cap-and-trade and emission-reduction-credit 
systems could serve as the foundation for a top-down climate agree-
ment. Indeed, a bottom-up system could evolve into a coherent top-
down climate architecture, much as the General Agreement on Tariffs 
and Trade paved the way for the World Trade Organization (Carraro 
2007). Questions of interest include whether such a decentralized 
system of linkages might create momentum towards a top-down 
agreement, and how existing linkages would then affect any resulting 
negotiated arrangement.

Any pre-existing links between trading programs, whether direct 
or indirect, are likely to infl uence the evolution of a new top-down 
international agreement because they will function as the status-
quo framework. Because linkage creates winners and losers, some 
constituencies will resist changes, while others may welcome them. 
Changing the economic, organizational, and political infrastruc-
ture that facilitates existing linkages would be time-consuming and 
costly. More broadly, the existing system is a natural starting point 
for negotiations. Of course, to the extent that institutional inertia 
creates a bias towards the status quo it can also impair good decision 
making and impede negotiations, particularly if the existing system 
of linkages includes features that are undesirable from the standpoint 
of reaching a broader climate agreement. This very fl aw may also 
provide some political advantages, however, because nations may be 
more willing to make commitments to a system in which they already 
participate.16

An existing set of linkages will also have implications for par-
ticipation in a future international agreement. In particular, it will 
create constituencies within some developing countries that favor 
an international agreement if continued demand for credits is con-
ditioned on movement toward such an agreement. If these stake-
holders are infl uential within their own countries, then linkage can 

16 Another way in which existing linkages may infl uence a future climate agree-
ment is by providing a series of experiments to test different approaches (Hahn 
1998). Victor et al. (2005) argue that such a “Madisonian” approach could 
provide future climate negotiations with valuable insights about what features 
of linked trading systems do and do not work.
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foster incentives for countries to participate in a future international 
agreement.

Linkage may also encourage participation in a future international 
agreement by simplifying the negotiation process. One of the great 
challenges of international climate negotiations is the necessity of 
achieving agreement among many parties with exceptionally diverse 
interests. Linkages can help to mitigate this problem by creating 
natural negotiating blocks of nations with similar interests. The nego-
tiations necessary to establish bilateral links can contribute to the sub-
sequent negotiation of an international agreement.

There is another way in which linkage can induce participation in 
a broader international, if not global, regime.17 Consider a “leader 
nation” that can accomplish very little to solve the global problem 
of climate change were it to act on its own. Linkage provides a 
mechanism by which that nation’s emission reduction activities can 
be extended more widely. Although shunning, shaming, or punishing 
non-participant nations is one potential route to trying to broaden 
the coalition of participants (Keohane and Raustiala, this volume), 
linkage could offer another route.

This is illustrated by the evolution of certain provisions of the EU 
ETS. The system places “supplementarity” constraints on imports of 
credits from the CDM and allows for mutual recognition of other cap-
and-trade systems established by Kyoto signatories. Amendments to the 
EU ETS implemented in 2008 introduce two key changes (Ellerman, 
this volume). First, once a post-Kyoto international agreement has been 
reached, the ability of countries to sell credits into the EU ETS will be 
contingent on their ratifi cation of that agreement, leaving the door open 
for some form of graduation requirement. Second, mutual recognition 
provisions would no longer require signature of the Kyoto Protocol, 
but simply the presence of a mandatory cap on emissions in the linked 
jurisdiction. Thus, while the CDM route is made conditional on future 
agreements, full mutual recognition would be opened up for any cap-
and-trade system. In other words, market access is being used by leader 
nations to induce participation, and to foster a broader system.

Linkage can also encourage compliance with a future international 
agreement. This could occur in two ways. First, the “Madisonian 

17 We are grateful to Denny Ellerman for this point and for much of the discussion 
that follows.
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workshop” created by many uncoordinated links could provide policy 
experience with mechanisms for encouraging compliance (Victor et 
al. 2005). Second, existing links might allow countries to demonstrate 
good faith commitments to emissions reductions.

Linkage may even lead to more stringent environmental commit-
ments. By reducing the cost of emissions reductions, linkage may 
allow key industrialized countries to make greater emissions reduc-
tion commitments than they would have in the absence of linkage. 
By reducing the allowance price impacts of a more stringent cap, 
linkage may reduce domestic opposition to more ambitious reduction 
targets.

Bottom-up linkage as an element of an international 
architecture

Linkage could play a signifi cant role as one component of a larger 
international climate policy architecture—a role that would not 
confl ict with the potential near-term role of linkage as the basis for 
a future agreement. Since not all forms of linkage function in the 
same way, an international policy architecture could be developed 
with different near-term and long-term linkage components. For 
example, in the near term, a system of indirect linkages via a common 
credit system would provide important cost savings while minimizing 
negative distributional effects and preserving a high degree of national 
control over allowance markets. In the longer term, the system could 
transition to negotiated, multilateral two-way linkages that would 
create a single, comprehensive market for allowances and credits.

How will near-term climate negotiations affect bottom-up 
linkages?

If the emergence of a system of linkages would be benefi cial to a future 
(bottom-up or top-down) climate agreement, then it is important to 
address two questions: what policy elements of a future international 
climate agreement will facilitate bottom-up linkages? And what policy 
elements would inhibit or impede such linkages?

A post-2012 international climate agreement could include several 
elements that would facilitate future linkages among cap-and-trade 
and emission-reduction-credit systems. First, and perhaps most ambi-
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tiously, the agreement could establish an agreed trajectory of emissions 
caps or allowance prices; specify a harmonized set of cost-containment 
measures, including offset, banking and borrowing, and safety-valve 
provisions; and establish a process for making future adjustments to 
the level of the emissions cap and other key design elements (Jaffe and 
Stavins 2007). Second, it could create an international clearinghouse 
for transaction records and allowance auctions (Edenhofer et al. 
2007). Third, it could provide for the ongoing operation of the CDM 
or a successor credit system, which could play a central role in indi-
rectly linking existing and emerging tradable permit systems. Fourth 
and fi nally, a post-2012 international climate agreement could help 
developing countries build capacity that would enable and encourage 
their fuller participation through a system of bottom-up linkages. All 
of these features would simplify and facilitate the process of negotiat-
ing linkages.18

There are also potential design elements that would best be avoided 
by a post-2012 agreement if it seeks to encourage linkage among trad-
able permit systems. Any global agreement that encourages strategic 
behavior could impede the development of linkages. For example, 
an agreement that conditions future commitments on countries’ 
emission levels over the coming years could undermine the ability 
to achieve a cost-effective distribution of emission reductions across 
linked systems. Also, depending on the stringency of such restrictions, 
an international agreement that imposes “supplementarity” restric-
tions which require countries to achieve some specifi ed percentage of 
emissions reductions on their own, without trading, could limit the 
potential benefi ts of linkage by curtailing the amount of international 
trading that can occur.

Conclusions

Cap-and-trade systems are emerging as a preferred domestic instru-
ment for reducing GHG emissions in many parts of the world; in 
addition, the CDM has developed a substantial constituency, despite 
some concerns about its performance. Because of the considerable 
political and economic pressure to connect these systems, linkage may 

18 Some of these elements could also emerge without a post-2012 multinational 
climate agreement, through specifi c bilateral links among systems.
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be expected to play a de facto, if not de jure, role in any future inter-
national climate policy architecture.

In the near term, linkage will continue to grow in importance as a 
core element of a bottom-up, de facto international policy architec-
ture. The EU ETS has already established direct links with systems in 
neighboring countries and the CDM has emerged as a potential hub 
for indirect links among cap-and-trade systems worldwide. As new 
cap-and-trade systems appear in countries such as Australia, Canada, 
and the United States, the global network of direct and indirect link-
ages will likely continue to spread.

In the longer term, linkage could play a variety of roles. One 
possibility is that a set of linkages, combined with unilateral emis-
sions reduction commitments by many nations, could function as a 
stand-alone international climate architecture. Such a system would 
be cost-effective as long as it included a suffi cient number of direct 
two-way links or indirect links through a common international credit 
system with an adequate depth of low-cost credits. However, it may 
be diffi cult for a system of bottom-up linkages to achieve meaningful 
long-term environmental results, primarily because it would lack a 
coordinating mechanism to encourage widespread participation.

A second long-term possibility is that a collection of bottom-up 
links may eventually evolve into a comprehensive, top-down agree-
ment. In the near term, a system of direct and indirect linkages could 
build institutional capacity and provide important cost savings; in 
the longer term, the system could serve as a natural starting point for 
negotiations leading to a top-down agreement.

A third long-term possibility (and one that is entirely compatible 
with the second possibility) is that linkage could play a signifi cant 
role as a component of a larger international climate policy agree-
ment. Such an architecture would use linkage to provide a number 
of important benefi ts, including reducing the overall costs of meeting 
emission reduction targets, improving market liquidity, and provid-
ing a framework for the implementation of “common but differenti-
ated responsibilities.”

Despite the clear benefi ts of linkage, there are also legitimate con-
cerns about the implications of some forms of linkage. These concerns 
depend, in part, on the type of linkage involved. Two-way direct 
links among cap-and-trade systems reduce the control that the linking 
countries have over their domestic allowance prices and emissions. 
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Two-way links also result in the complete and automatic propagation 
of cost-containment measures from one system to the other. On the 
other hand, indirect links present a different set of concerns. In par-
ticular, indirect linkage via a common credit system could adversely 
affect global emissions if additionality problems in the credit system 
are severe. The performance of the CDM to date suggests that this 
concern deserves serious attention.

Thus, there is a signifi cant trade-off between direct linkages, which 
can require a high degree of harmonization and international coopera-
tion, and indirect linkages via a common credit system, which raise 
concerns about additionality. This trade-off may suggest a natural 
progression. In the near term, linking cap-and-trade systems indirectly, 
via a common credit system (such as the CDM), could achieve some of 
the cost savings and risk diversifi cation of direct linkage but without 
the need for as much harmonization of emerging and existing cap-
and-trade systems. Such indirect linkage would also limit potential 
distributional concerns and preserve a high degree of national control 
over allowance markets. In the longer term, international negotiations 
could establish shared expectations about environmental targets and 
emission reduction responsibilities that would serve as the basis for a 
broad set of multilateral, direct links among cap-and-trade systems. 
This progression could promote the near-term goals of participation 
and cost-effectiveness, while helping to build the foundation for a 
more comprehensive future agreement.
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5 The case for charges on 
greenhouse gas emissions
Richard N. Cooper1

The proposal

The proposal discussed in this chapter is to levy a common charge on all 
emissions of greenhouse gases (GHGs) worldwide. All countries would 
be covered in principle, but the proposal could be implemented with a 
much smaller number of countries, provided those countries accounted 
for most of the global emissions. While all GHGs should in principle be 
covered, this chapter will address mainly carbon dioxide (CO2), quan-
titatively the most important GHG; extending charges to other GHGs 
could be made with little or (in the case of methane) much diffi culty. 
The charge would be internationally adjusted from time to time, and 
each country would collect and keep the revenue it generated.

This chapter will discuss the motivation for such a proposal; how 
it would be implemented; its likely economic effects; its relationship 
to energy security; the possibility of mixing an emission charge with 
other schemes to limit emissions, especially “cap-and-trade” schemes; 
and the negotiability of such an agreement.

Motivation

Table 5.1 reports CO2 emissions generated by the use of market-
able energy (mainly fossil fuels) in 1990, the base year for the Kyoto 
Protocol. It also presents emission projections to 2010 (the mid-point 
of the 2008–2012 fi rst commitment period of the Kyoto Protocol), 
2020, and 2030. The projections shown in the table were developed 
by the US Energy Information Administration (US EIA) in its 2008 
annual review of the international energy outlook and refl ect esti-
mates of future global energy demand based on assumptions about 

1 I am grateful to Joe Aldy and Rob Stavins for helpful comments on an early 
draft.



152 Richard N. Cooper

economic growth in different parts of the world, energy prices, and 
the relationship between demand for different types of energy (e.g. 
electricity, transportation fuels) and economic growth as a function 
of stage of development. Specifi cally, the US EIA assumed a price of 
oil that gradually declines from the high levels of mid-2008 to $70 
a barrel in 2015, and then remains roughly unchanged in real terms 
until 2030. Higher and lower price scenarios are also addressed. The 
world economy is assumed to achieve an average annual growth of 3.0 
percent over the projection period, with countries weighted by their 
GDP at market exchange rates in 2000. Meanwhile, average world 
demand for energy is projected to grow by 1.6 percent a year (liquid 
fuels by 1.2 percent, coal by 2.0 percent).

Table 5.1 shows CO2 emissions growing steadily over this period, 
with global emissions reaching double 1990 levels by 2030. Also 
noteworthy is that by 2020, emissions from non-OECD countries 
(mostly developing countries) alone exceed the world level of 1990. 
Put another way, these projections suggest that rich countries could 
cut their emissions to zero over the next decade and the world would 
still be back where it started in 1990, with a level of emissions that 

Table 5.1 World carbon dioxide emissionsa (billion metric tons)

 1990 2010 2020 2030

World 21.2 31.1 37.0 42.3
North America 5.8 7.1 7.6 8.3
    USA 5.0 6.0 6.4 6.9
OECD Europe 4.1 4.5 4.8 4.8
OECD Asia 1.5 2.2 2.3 2.4
    Japan 1.0 1.2 1.2 1.2
Total OECD 11.4 13.8 14.7 15.5
Total Non-OECD 9.8 17.3 22.3 26.8
    Russia 2.4 1.8 2.0 2.1
    China 2.2 6.9 9.5 12.0
    India 0.6 1.3 1.8 2.2
    Brazil 0.2 0.5 0.5 0.6
    Other 4.4 6.8 8.5 9.8

a From fossil fuels
Source: US Dept. of Energy, EIA, International Energy Outlook (2008), Table A10
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was even then deemed to be too high. It should be noted that Table 
5.1 reports emissions only from the consumption of marketable 
fuels; importantly, emissions from tropical deforestation, which are 
signifi cant, are not included (if they were included, projected non-
OECD emissions would be higher throughout the timeframe shown). 
In short, seriously addressing CO2 emissions requires a worldwide 
approach, not one limited to today’s rich countries. Moreover, if some 
signifi cant countries are excluded from coverage for any length of 
time, fossil-fuel-using production will tend to migrate to those coun-
tries, thus undermining the efforts of countries that are covered by any 
arrangement to mitigate GHG emissions.

Decisions to consume goods and services made with fossil fuels 
are made by over a billion households and fi rms in the world. The 
best and indeed the only way to reach all these decision makers is 
through the prices they must pay. If we are to reduce emissions by 
discouraging CO2-emitting activities, we must raise the prices of 
those activities. Levying a charge on CO2 emissions does that directly. 
A cap-and-trade scheme, under which allowable emissions are capped 
and tradable emission permits are issued, does so indirectly, if less 
transparently (as emphasized by Williamson, 2008). Lacking perfect 
substitutes for CO2-emitting activities—and none are presently or 
prospectively available in the near future—the permits will have value 
that will be priced into the CO2-emitting goods and services, resulting 
in higher prices.

As noted above, decision makers around the world must be reached, 
not just those in today’s rich countries. A cap-and-trade scheme has 
two compelling disadvantages on a global scale. First, it will prob-
ably be impossible to negotiate meaningful, effective emission limits 
among all countries. Developing countries will understandably resist 
any emission ceiling or cap that they believe will limit their economic 
development—that is, their rate of economic growth. They will argue 
that the experience of other, more developed countries included a 
period of rapid growth in demand for fossil-fuel-based energy, and 
they will not agree to limits on their own potential growth. Emission 
ceilings could no doubt be negotiated, but the global total would likely 
be too great to achieve desired environmental results: with developing 
countries unwilling to accept meaningful caps, developed countries 
in turn are unlikely to accept emission cuts so deep as to jeopardize 
current standards of living.



154 Richard N. Cooper

Second, under a meaningful cap-and-trade scheme governments 
will need to allocate valuable emission permits to domestic fi rms 
or residents. This will be an open invitation to favoritism in many 
countries or, to put it less politely, it will unavoidably foster rampant 
corruption. Do we really want climate policy to be a handmaiden to 
corruption around the world? Under an international emission trading 
regime, ordinary citizens in rich countries will be charged for their 
consumption of CO2-emitting activities, or they will (indirectly) pur-
chase emission rights from the often rich cronies of political leaders 
in developing countries. A universal CO2 charge would avoid such 
problematic and politically indefensible transfers.

In short, a global cap-and-trade system is likely to be unachievable 
because developing countries will not agree to meaningful emission 
caps and rich countries (at least the United States) will not trade, at 
least with developing countries.2

Implementation issues for a carbon charge

Several practical issues must be addressed in considering a “carbon” 
charge, including fi rst, what sources, sectors, gases, and geographic 
areas will be covered and second, what provisions will be made for 
periodic review, compliance, enforcement, and offset credits.

Geographic coverage should be as broad as possible. Climate 
change is a global problem, resulting from GHG emissions wherever 
they occur. The solution also needs to be global. The initial scheme 
need not cover literally all countries given that three or four dozen 
countries account for the vast majority of emissions. But key develop-
ing countries must be included. As suggested in Table 5.1, China’s 
emissions already exceed those of the United States; India’s exceed 
those of Japan. If deforestation is included, as it should be, Indonesia 
is the third largest emitting country, followed by Brazil and Russia. 
The problem of global climate change simply cannot be addressed 

2 Experience with Russia and Ukraine is instructive. Both were given generous 
emission targets to get them to sign the Kyoto Protocol. When the European 
Union set up its emission trading scheme, Russia and Ukraine were pointedly 
told they could not expect to participate with their generous emission targets. 
Concern about the domestic allocation of emission rights in those countries 
undoubtedly also played a role in their exclusion.
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without going well beyond the countries listed in Annex I of the 1992 
United Nations Framework Convention on Climate Change.

It is also desirable, insofar as practicable, to cover all the signifi cant 
GHGs. Six types are listed in the Kyoto Protocol, of which CO2 is 
the weakest in terms of its per-ton radiative forcing impact on the 
atmosphere. Methane, nitrous oxide, some fl uorocarbons, and several 
other GHGs are much more potent warming gases at the molecular 
level, although much less abundant than CO2 and less durable (in 
terms of their residence time in the atmosphere). In the United States, 
for instance, CO2 accounted for only 84 percent of the total radiative 
forcing from all GHG emissions in 2006 (based on CO2 equivalent 
global warming potential calculated over 100 years [EIA, 2008]). 
Wider coverage implies a lower charge to achieve any given level of 
reduction in overall GHG concentrations, and it is likely to be easier 
to reduce some non-CO2 sources of warming faster than CO2 in the 
short run. Practical diffi culties arise in levying a charge on methane 
emissions from the agricultural sector. In CO2-equivalent terms, this 
category of emissions accounted for only 2.5 percent of the total 
2006 GHG inventory in the United States, but the share is probably 
higher in many developing countries, especially those that grow rice. 
Thus coverage might exclude the entire agricultural sector (except for 
marketable energy consumed in agriculture), which also accounts for 
the bulk of nitrous oxide emissions; or it might reach nitrous oxide 
emissions through charges on the relevant fertilizers and exclude only 
agricultural methane.

Deforestation accounts for a signifi cant, although not precisely 
known, share of global CO2 emissions. Forestry should be included, 
both because of the magnitude of emissions involved and because to 
exclude it would encourage arbitrage around the carbon charge—for 
example, natural forests could be cleared to plant feedstocks, such as 
oil palms, for biofuels. Certain practical diffi culties arise in  covering 
the forestry sector, both with respect to estimating emissions—
although satellite observations make this increasingly possible—and 
in terms of identifying exactly where the charge should be levied (this 
issue is taken up below).

An initial charge would be set by international agreement. It should 
be high enough to affect behavior signifi cantly, but not so high as to 
lead to unwarranted economic dislocations. I suggest a charge of $15 
per ton of CO2 equivalent (hereafter, references to a “carbon” charge 
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should be understood to mean a charge on all covered GHGs based 
on their CO2-equivalent impact on radiative forcing in the  atmosphere 
over 100 years).3 In the United States, a carbon charge at this level 
would add about 1.78 cents per kilowatt-hour to the busbar cost of 
coal-generated electricity and 13 cents to a gallon of gasoline, before 
allowing for indirect costs (e.g. for distribution [Metcalf, 2007, p.15]).

The charge should be subject to periodic review. An expectation 
might be that the charge would rise over time, as shown in the optimal 
scenario described by Nordhaus (2008) and in various scenarios 
developed by Edmonds et al. (2008). But much about the future is 
highly uncertain: the infl uence of GHG emissions on climate, the 
trajectory of GHG emissions, the infl uence of the charge on GHG 
emissions, and the pace and shape of new technological developments 
with regard, inter alia, to the development of economical non-carbon 
sources of energy. As time goes on, we will learn more about the 
nature and extent of climate change, about its impacts, and about new 
technological possibilities. We will also learn how responsive fi rms 
and households are to the carbon charge. The charge might initially 
be set for ten years, and then reviewed and adjusted up (or possibly 
down) at fi ve-year intervals thereafter.

Compliance would be easy to assess. The International Monetary 
Fund (IMF) has a fi scal division that is well-informed about the tax 
systems of all member countries, which include all important econo-
mies in the world (Taiwan, Hong Kong, Cuba, and North Korea are 
the signifi cant exceptions). The IMF could be tasked with reporting 
whether adherents to the carbon charge agreement had in fact passed 
the required legislation and set up the appropriate administrative 
machinery. This would be an assignment for the regular Article IV 
consultations which the IMF holds with all member countries.

From an administrative perspective, the obvious place to levy the 
charge—at least for energy-related CO2 emissions—would be at 
upstream chokepoints in the fuel supply chain: at the refi nery for 
oil (plus bunker fuel and a few other places where crude oil is used 
directly); at major pipeline collection points for gas; and at mine-
heads or rail and barge collection points for coal. The charge would 

3 This works out to $55 per ton of carbon, the unit of measurement used by the 
Intergovernmental Panel on Climate Change (IPCC) and some other analysts. 
Readers in this fi eld need to pay attention to the units used.
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also be levied on imports of fossil fuels and would not be levied 
on exports (e.g. Canada would levy a charge on fossil fuels con-
sumed domestically, but not on exports of gas to the United States; 
the United States would levy the charge on its imports of gas from 
Canada). An alternative, fallback approach would be to levy the 
charge at power plants and other large direct emitters of CO2, such 
as cement plants and steel factories. In general, the charge would be 
passed into downstream prices. But this is an issue of administration 
and should be left to the discretion of individual countries, provided 
the agreed objective was met.

Would countries, especially poor countries, be able to administer 
a charge on carbon emissions? This should be possible for all but 
the poorest and least institutionally competent countries, for they do 
raise signifi cant revenue now—typically 10–25 percent of GDP—and 
they have a demonstrated capacity to levy duties on imports of 
goods, which also go through chokepoints such as sea- and airports. 
Moreover, the countries least administratively capable of imposing a 
charge are also low emitters.

An issue would arise with respect to pre-existing charges or taxes 
(or, in some cases, subsidies) on energy. The internationally-agreed 
charge would go on top of those, without allowance for them. The 
argument is that the rationale for these pre-existing taxes, whatever it 
may have been, pre-dated international concern with climate change. 
Climate change is a new, global concern that requires a global solu-
tion. Thus all countries should contribute to mitigation efforts once 
the concern has been identifi ed and agreement has been reached 
on needed actions. An exception to this policy of “grandfather-
ing” pre-existing taxes might be made for those (few) countries that 
imposed energy taxes in response to their obligations under the Kyoto 
Protocol—i.e. during the past decade, or perhaps in anticipation of 
Kyoto. Presumably the few actions taken at the sub-national level, e.g. 
by British Columbia, would be integrated into national systems under 
the proposal. This incremental approach has the additional practical 
advantage of avoiding the need to estimate pre-existing taxes (or sub-
sidies) to GHG-emitting activities.

Imposing a carbon charge on deforestation would be more diffi cult, 
but could be done using surrogates. For example, estimates could be 
made of the quantity of waste wood, and associated carbon  emissions, 
generated by the harvest and processing of timber of various kinds. 
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These estimates could be used to impose an appropriate levy on timber 
production in the country of origin or, if appropriate, on timber 
imports by importing countries. Forest clearing for commercial ranch-
ing would also be covered. Slash and burn agriculture in very poor 
societies, where property rights are ill-defi ned, would be much more 
diffi cult to tax, but this type of activity generally accounts for only 
a small portion of emissions from land-use changes; moreover, the 
abandoned fi elds usually revert to heavy vegetative cover in time.

Taking the necessary legislative and regulatory steps and actually 
collecting the carbon charge, however, are two quite different things. 
The IMF could be asked to estimate the revenues that should be col-
lected by each signatory country and assess whether they are in fact 
being collected. Satellite observation of power plants and other large 
sources of heat, and of deforestation, along with data on imports of 
crude oil and petroleum products, coal, and gas could help in estimat-
ing actual carbon emissions; in addition, large sources could be subject 
to occasional on-site inspection. The IMF could assess whether sig-
nifi cant revenues are being collected, since it routinely reviews govern-
ment revenues, expenditures, and changes in public debt.

There is some risk that countries could impose the carbon charge, but 
then weaken its effects through changes in other taxes and/or subsidies 
to the industries or consumers most affected. Again, careful monitoring 
of the entire tax/expenditure balance sheet of each country by the IMF 
could identify and expose the worst abuses. But another point needs 
to be made: so long as the carbon charge is systematically imposed on 
all regulated emissions, fi rms and households would have an incentive, 
at the margin, to reduce carbon-emitting activities, even if their total 
burden were mitigated by other tax breaks (which might, for example, 
keep some fi rms in business that would otherwise shut down).

If a country were found to be out of compliance, it could be asked 
in informal consultations, and ultimately in formal international panel 
reviews, to explain its position. Systematic cheating could of course be 
possible on a small scale. It would be more diffi cult on a large scale, 
and would have to involve the complicity of many offi cials, something 
that is increasingly diffi cult in an age where the internet is ubiquitous 
and many countries afford protection to whistle-blowers.

If a country were signifi cantly and persistently out of compliance, 
its exports could be subject to countervailing duties in importing 
countries. The conceptual and legal basis for such duties—to offset 
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government subsidies to exports—has existed for many years and 
is embodied in the World Trade Organization (WTO) as well as in 
national legislation. The new element is that under an international 
climate agreement the agreed charge on carbon emissions would be 
considered a cost of doing business, such that failure to pay the charge 
with government complicity would be considered a subsidy, subject to 
countervailing duty under existing procedures.

Non-signatory countries could also be subject to countervailing 
duties. WTO panels have found that imports can be restricted on 
a discriminatory basis if the originating country is in violation of 
an international environmental agreement (Webster, 2008; Frankel, 
2008). This possibility would provide a potent incentive for most 
countries to comply with the agreement, whether or not they were 
formal signatories.

Suitable credits would be given for activities that deliberately with-
draw CO2 from the atmosphere. The most obvious ones concern 
reforestation (e.g. the regular re-planting of forests that are harvested 
for paper pulp or other commercial purposes) and carbon capture and 
sequestration (CCS), which may in the future become an important 
technique for preventing carbon emissions from entering the atmos-
phere, particularly at coal-fi red power plants.

Economic effects

Imposing a charge on an input to the economy as signifi cant and 
ubiquitous as energy will have many potential effects. Of course the 
purpose of the charge is to reduce GHG emissions. In addition, the 
charge will affect government revenues; may have macroeconomic 
and infl ationary effects; may affect economic growth; and will have 
potential impacts on the distribution of income, both within countries 
and between countries.

Emission reductions

How much will a charge of $15 per ton of CO2 (or any other particular 
charge) reduce GHG emissions? The honest answer is we do not know. 
But we have evidence from empirical research and from model simula-
tions that suggests the short-run response to a $15 per ton charge will 
be relatively low, refl ecting the fact that energy  consumption is deeply 
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embedded in modern economies and not easily changed. The long-run 
response, however, would be expected to be much larger. A carbon 
charge will affect emissions through three identifi able channels. 
First, households can be expected to reduce their spending on energy 
directly, and on energy-intensive products, both of which will be more 
expensive after the charge is imposed. Less electricity (than otherwise) 
will be consumed, less gas or oil for heating, and less motor fuel. More 
insulation will be installed. Consumers will pay more attention to the 
lifetime costs of appliances, automobiles, apartments and other long-
term purchases as they become conscious of higher energy costs, and 
shift their purchases to products with lower energy usage.

Second, fi rms will respond by producing goods that are more 
energy effi cient, and they will alter their production techniques to 
use less energy—a process that was observed extensively in Europe, 
Japan, and the United States following the sharp increase in oil prices 
in the mid-1970s. Developers will use more energy-effi cient building 
materials, will install more insulation, and will orient their buildings 
to minimize the impact of cold winds and maximize the impact of 
solar heating in the winter at locations in the northern latitudes, while 
maximizing the use of breezes and minimizing solar heating in tropical 
latitudes. Many of these adaptations will involve substituting capital 
for energy.

Third, low carbon-emitting fuels will, where possible, be substituted 
for high-emitting fuels in energy-using processes, e.g. wind, hydro, 
nuclear or gas will substitute for coal and oil in electricity generation.

How sensitive is demand to price? A survey of studies conducted 
in the 1990s found that the mean long-run price elasticity of energy 
demand was −0.5; that is, a 10 percent increase in energy prices would 
reduce demand for energy by 5 percent (Atkinson and Manning, 
1995). Cooper (2003) estimated a comparable long-run demand elas-
ticity for crude oil. Simulations using the Emissions Predictions and 
Policy Analysis (EPPA) model at MIT suggest that GHG emissions 
would drop by 14 percent in the fi rst fi ve years following the intro-
duction of a $15 per ton CO2-equivalent charge in the United States 
(reported in Metcalf, 2007, p.12), although CO2 emissions alone 
dropped only 8 percent in the fi rst fi ve years.

Simulations run on the US Department of Energy’s Pacifi c Northwest 
National Laboratory (PNNL) model MiniCAM suggest that a 
$15-per-ton charge, introduced worldwide in 2012, would reduce 
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global CO2 emissions from fuel and industrial sources 14 percent 
below reference case projections by 2020. Estimated reductions would 
increase to 30 percent below the reference case projection if land-use 
sources of CO2 are also effectively covered by the charge. (Land-use 
sources accounted for 13 percent of estimated global CO2 emissions 
in the base year 2005, but become strongly negative—perhaps due to 
reforestation induced by the policy— following introduction of the 
carbon charge.)4

Not surprisingly, the emission reductions one would expect under 
a single, common carbon charge differ from country to country. This 
variation refl ects differences in the cost of reducing emissions in dif-
ferent countries, which in turn refl ects (at least in part) different initial 
levels of energy effi ciency and differences in the scope of opportunity 
to install less carbon-intensive processes or devices. Countries that are 
still developing rapidly may have larger opportunities to substitute 
more effi cient equipment. Thus, the industrialized countries gener-
ally show lower percentage reductions in the PNNL simulations—9.3 
percent for the United States (which is similar to the EPPA estimate 
of 8 percent), 11.8 percent for Europe and Japan—than do emerging 
markets. China, of special interest since its CO2 emissions by 2020 
are nearly twice those of the United States in the reference projection, 
shows a reduction of 18 percent, while projected industrial and fuel 
emissions in India fall by 17 percent relative to the 2020 baseline.

Ho and Jorgenson (2007) examine the impact of fuel taxes in China 
for the purpose of reducing health-damaging pollutant emissions. 
Their analysis is also applicable to CO2 emissions. Beginning with a 
multi-sectoral model of the Chinese economy that accounts for exog-
enous technical change and savings rates and is calibrated to Chinese 
data for 1997, Ho and Jorgenson notionally impose fuel taxes set to 
equal 40 percent of the estimated health damages attributed to pollu-
tion caused by burning coal and oil. The result is a tax of 24 percent 
on coal and about 1 percent on oil. In their simulation, this tax leads to 
an immediate decline (relative to a baseline projection and abstracting 
from transitional lags) in coal use of 16.8 percent and a reduction in 
CO2 emissions of 13.6 percent. These results indicate a high long-term 
response to an implicitly low carbon charge (the tax level modeled 

4 I am grateful to Jae Edmonds for running these simulations. See also Edmonds 
et al., 2008.
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for coal in this analysis translates to $1.72 per ton of CO2 emissions); 
some of this high response is due to the substitution of untaxed gas for 
coal, but also to Ho and Jorgenson’s assumption of a high long-run 
substitutability of capital for energy. Higher charges would reduce 
emissions further, but at a declining rate. An important qualifi cation 
is that technical change in the model is assumed to be exogenous (not 
responsive to price incentives), which is surely contrary to reality at 
the global level if not in China.

An important fi nding of the Ho and Jorgenson work—indeed its 
main focus—is that reducing coal consumption in China would have 
very signifi cant health benefi ts while also contributing to climate 
change mitigation.

Revenues

The studies discussed here suggest that energy demand in both the 
United States and China would respond signifi cantly to a carbon 
charge. But the response would not be overwhelming at the level of 
charge suggested, and signifi cant quantities of CO2 would continue 
to be emitted. Thus the charge would produce signifi cant revenue. To 
avoid a signifi cant contractionary macroeconomic effect, this revenue 
would need to be recycled back into the income stream, either through 
increased government expenditures or through a reduction in taxes. 
Ho and Jorgenson, for instance, assume that the revenue collected in 
China is used to reduce taxes on commodities, labor, and capital in a 
way that is revenue neutral.

Similarly, this proposal assumes that each country would retain 
the revenues it collects from a carbon charge, and would be free to 
use these funds in any combination of additional expenditures or tax 
reductions it chose, provided that revenues are not recycled in a way 
that undermines the purpose of the carbon charge, which is to reduce 
emissions. The macroeconomic impact of the carbon charge could 
also be kept low by introducing the charge gradually, at a pace con-
sonant with offsetting increases in public expenditures or reductions 
in taxes.

The introduction of a carbon charge would raise the price of fossil 
fuels and of energy-intensive goods and services—indeed, that is its 
principal purpose. It is important that the charge not be undermined 
by a general rise in infl ation. By itself, a levy on carbon would raise the 
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level of the consumer price index in proportion to the weight of fossil 
fuels, direct and indirect, implicit in the index. Monetary authorities 
would need to ensure that this increase does not trigger an infl ation-
ary process, whereby workers and capitalists attempt to recoup the 
loss through higher wages or higher returns. Public discussion of the 
issues involved, plus a fi rm hand at the central bank, should contain 
this potential problem. Using at least part of the revenue generated by 
a carbon charge for tax reductions would also help.

There is nothing to assure that revenues from a carbon tax will not 
be misappropriated, or corruptly distributed. But these misappropria-
tions will involve domestic revenues, not funds raised in other coun-
tries, and therefore need not be a subject of special concern to other 
countries, as would be the case under a global trading system. The 
carbon-charge proposal does not involve large-scale transfers among 
countries.

The revenues produced by a carbon charge would be substantial, 
but not overwhelming. If we apply the $15-per-ton CO2 charge to US 
EIA’s projection for world emissions in 2015 and assume no behav-
ioral response at that time, global revenues from the charge come to 
$515 billion, or about 0.7 percent of projected gross world product in 
that year. Table 5.2 shows revenues from this level of carbon charge in 
absolute terms and as a share of projected GDP, for the United States, 
Europe, Japan, China, and India—again assuming no  behavioral 

Table 5.2 Estimated revenues from carbon charge in 2015, before 
behavioral response

 CO2 Emissions Revenues Revenues/GDP
 (billion metric tons) ($bn) (percent)

World 34.3 515 0.7
USA 6.2 93 0.4
Europe 4.7 70 0.4
Japan 1.2 18 0.2
China 8.2 104 1.3
India 1.6 24 1.1

Note: assumes GDP price increases of 3 percent a year between 2000 and 2015, 
plus a 20 percent appreciation of the Chinese yuan against the US dollar.
Source of underlying data: EIA, International Energy Outlook, 2008.



164 Richard N. Cooper

response in that year (as might be the case if the charge were fi rst 
introduced in that year, with little or no advance notice). For the rich 
countries, revenue generated is in the tens of billion dollars, but less 
than one-half of 1 percent of GDP, and perhaps 1 percent of total tax 
revenue for the United States and Europe, less for Japan. For China 
and India, revenue from the tax comes to more than 1 percent of GDP, 
and perhaps over 5 percent of revenue in 2015, augmenting signifi -
cantly the resource choices those governments could make. Behavioral 
responses that reduce carbon emissions—the objective of the charge—
would of course reduce these revenues, by amounts that depend on the 
magnitude of the response. Metcalf’s report on the MIT simulation, 
noted above, suggests that a $15-per-ton charge in the United States 
would reduce that country’s CO2 emissions in the short run by 8.4 
percent; applied to the emissions projections noted above, expected 
US revenues from the charge in 2015 would decline from $93.4 billion 
to $85.6 billion.

Allowing for behavioral response in the PNNL model reduces 
projected worldwide revenues by 14 percent, US revenues by 
9 percent, and China’s revenues (relative to a much higher baseline) 
by 18 percent.

Gradual reduction of carbon emissions would, of course, reduce the 
revenue base over time. Whether revenues rose or declined would also 
depend on the level of the carbon charge over time. In any case, signifi -
cant revenues are likely to be available for several decades, although 
not forever. In the PNNL model, fuel and industrial emissions decline 
by 20 percent relative to the baseline by 2050, but total global emis-
sions continue to rise, suggesting a need (in that model) to raise the 
carbon charge for several decades.

Growth Effects

Some will be concerned that raising prices on energy will discourage 
economic growth, especially in developing countries, since energy is a 
critical input to all modern economies. The impact of a carbon charge 
on long-term growth is likely to be negligible, however, at least with 
the right complementary policies, and may even be positive. Four 
issues must be considered: (1) energy as a direct input to produc-
tion; (2) use of the revenue from the carbon charge; (3) impact on the 
cost of capital and hence potentially on the rate of investment; and 
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(4) impact on international competitiveness and hence potentially on 
export growth.

Energy is a key input to many sectors of modern economies, includ-
ing traditional activities such as agriculture. Therefore a fi rst concern 
is that raising the price of energy will discourage production. Recall, 
however, that for a variety of reasons energy is used very ineffi ciently 
in China, India, and indeed many developing countries, relative to 
actual practice in rich countries. Thus the possibility exists to produce 
the same output with a lower input of energy. Sometimes this change 
simply requires an adequate incentive, such as higher energy prices. 
Sometimes it requires an incentive plus new knowledge about better 
practices. Sometimes it requires an incentive plus new investment in 
more energy-effi cient structures or equipment. And of course new 
investment requires funding. So investments may be diverted from use 
for other purposes to actions that save energy, and in that way dampen 
growth. Many energy-saving investments would yield handsome rates 
of return, however, if energy prices were higher. Moreover, develop-
ing countries must make large investments in power generation and 
distribution to support their growth objectives. Improved energy effi -
ciency could reduce these investment needs, releasing both labor and 
capital to be used elsewhere in the economy and thereby contributing 
to growth. According to one estimate, for example, China must spend 
an average of $67 billion each year over the period 2001–2030, more 
than 2 percent of GDP, to satisfy its growing requirements for elec-
tricity (IEA, 2003, p. 353). Even saving 10 percent of this total would 
leave $7 billion per year for investment in other activities.

As noted above, a carbon charge will raise revenue. How those rev-
enues are used can infl uence the rate of growth. If revenues are used 
to replace growth-inhibiting taxes on capital, the net impact might be 
to accelerate growth. Thus, Ho and Jorgenson (2007, p. 357) fi nd that 
when revenues are used to reduce other taxes, GDP is actually higher 
with a carbon charge than without the charge—that is, the effect of 
the charge is to (modestly) stimulate growth.

If, as is more likely in many developing countries, revenues from a 
carbon charge are used to fi nance expenditures, the impact on growth 
will depend on the magnitude and the growth-enhancing effects of 
those expenditures. Expenditures on transport infrastructure would 
presumably contribute to growth, as would expenditures on under-
funded agricultural research and information  dissemination, or on 
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education. Expenditures to enlarge or modernize military forces, in 
contrast, would not contribute much to growth. Thus each  government 
would have substantial discretion over how much revenues from the 
carbon charge could be directed toward growth-enhancing invest-
ments. Certainly revenues can be better used for growth than for sub-
sidizing fossil fuel consumption, as is now done in many countries.

A third channel through which a carbon charge could infl uence 
growth would be by changing the cost of capital goods, and hence 
the real investment that could be undertaken for any given nominal 
level of spending. Raising the cost of capital goods, other things equal, 
will reduce growth. Raising the price of energy will increase the cost 
of those capital goods that are high in direct energy content, such as 
construction steel and cement. On the other hand, many capital goods 
are not energy intensive. Moreover, the impact of higher energy prices 
on capital goods prices would be mitigated to the extent that produc-
ers, per the fi rst point above, improve effi ciency and reduce energy 
consumption in response to the carbon charge. It is even conceivable 
that prices for capital goods would fall, as effi ciency improvements 
outweighed increased energy prices. Furthermore, over a suffi ciently 
long time horizon, technical change can be expected, as in the past, 
to reduce the prices of many capital goods. There has been no secular 
decline in the real return to capital over recent decades in rich, techno-
logically advanced countries because capital-saving technical change 
has compensated, on average, for the declining returns that might 
have been expected to fl ow from the tremendous accumulation of 
capital that occurred during the past half century.

Finally, because higher energy prices, other things being equal, will 
increase the relative price of energy-intensive products, they could 
reduce the competitiveness of those products on world markets. A 
serious loss of competitiveness could, through a variety of channels, 
have a negative impact on economic growth.

Here the international context in which any country imposes a 
carbon charge comes into play. Under the proposal outlined in this 
chapter, all countries would impose a similar carbon charge, so the 
competitiveness issue would be neutralized for all countries. The rela-
tive price of energy-intensive products would rise everywhere, so their 
consumption would be discouraged, and countries that specialized 
in the export of such products would experience an impact on their 
exports. But no country would gain a direct competitiveness advan-
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tage, product-by-product, at the expense of other countries—except 
insofar as they were in a better position to reduce the energy content 
of their exports or substitute lower-carbon sources of energy.

A charge on carbon emissions can be expected, over time, to 
stimulate new research and development on low-carbon energy tech-
nologies. It is diffi cult to predict the development and impact of future 
technology innovations, but in the end this process could provide a 
signifi cant positive impetus to growth.

Distributional effects

Introducing a carbon charge will have distributional effects across 
members of each country’s population, and between countries. Since 
countries that levy the charge, under this proposal, would keep the 
revenues they generate, they could, if desired, use these funds to 
compensate—in whole or in part—the fi rms or households that lose 
the most as a result of the policy. Within countries, distributional 
effects will occur across sectors of the economy, with carbon-intensive 
sectors experiencing the main decline in demand (which is the point 
of the charge); but distributional effects may also occur across income 
classes, insofar as the carbon-intensity of consumption differs signifi -
cantly across income classes.

Using MIT’s EPPA model to simulate the effects of a $15 per ton 
charge on CO2 emissions in the United States, Metcalf (2007) reports 
that demand for coal would be expected to decline 14.7 percent in the 
short run (i.e. within the fi rst fi ve years after imposition of the charge). 
Corresponding short-run demand declines for petroleum and natural 
gas are estimated to total 5.6 percent and 3.4 percent, respectively. 
These differing demand impacts refl ect differences in the relative price 
impacts of a carbon charge for each fuel, which in turn refl ect the 
different carbon intensities of the three fossil fuels per unit of useful 
energy delivered. Both petroleum and gas are imported, so some of 
the burden of the tax may be absorbed by foreign exporters of these 
fuels and show up as an improvement in the balance of trade for the 
United States. This possible effect, which might mitigate the impact on 
domestic producers’ output (though not the impact on their profi ts), 
is not refl ected in the estimates above. Clearly the main burden would 
fall on coal miners and on the owners of coal mines. A similar result 
is likely in many other countries. The economic impact on miners 
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and perhaps mine owners could be mitigated through transitional 
compensation.

There may also be distributional effects by income class. Metcalf 
(2007) has calculated how a $15 per ton charge would affect retail 
prices, and how these prices in turn would affect the disposable 
income of different income classes in the United States, by income 
decile. As can be seen in the fi rst column of Table 5.3, the effects of the 
carbon charge are mildly regressive, hitting the low-income fi rst decile 
hardest and the high-income tenth decile the least. Metcalf calculates 
that this regressivity can be reduced by giving fl at income tax rebates 
to all workers. On the basis of revenues calculated to be available, the 
per-worker rebate comes to $560. The results of this approach are 
shown in the second column of Table 5.3. The low-income deciles con-
tinue to experience some negative impact, in part because they include 
retirees who would not be eligible for a rebate to workers. Extending 
the rebate to recipients of social security (the American public pension 
system) reduces the amount of the rebate, which falls to $420 per 
recipient, but the overall result is mildly progressive, as shown in the 
third column of Table 5.3.

Table 5.3 Changes in household disposable income (percent)

   With Tax Credit 
  With Income to Workers and
Income Carbon Tax Credit to Social Security
Decile Tax Workersa Recipientsb

 1 −3.4 −0.7 1.4
 2 −3.1 −1.0 1.0
 3 −2.4 −0.2 0.6
 4 −2.0 0.1 0.3
 5 −1.8 0.1 0.1
 6 −1.5 0.3 0.1
 7 −1.4 0.2 0.1
 8 −1.2 0.2 −0.1
 9 −1.1 0.0 −0.1
10 −0.8 0.0 −0.2

a of $560
b of $420
Source: Metcalf (2007), pp. 17–18.
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The generic point is that a carbon charge will have distributional 
effects, but that the revenues it generates provide the wherewithal 
to compensate serious losers, in whole or in part, if the government 
chooses to do so.

Unlike some other proposals, the approach outlined here does 
not provide for direct transfers among countries. I believe this is a 
desirable feature, since the history of unconditional transfers among 
countries, or even many conditional transfers, is not a happy one (the 
Marshall Plan is an exception). But there will still be some distribu-
tional effects across countries because of the different sectoral impacts 
noted above. Exporters of coal, in particular, and (to a lesser extent) 
exporters of oil and of gas, will experience a decline in demand for 
their products (although due to the possible substitution of natural gas 
for coal in electricity generation, global demand for gas could conceiv-
ably rise), and consequentially some decline in the prices they receive. 
The terms of international trade will turn against them. By the same 
token, changes in the terms of trade will benefi t net importers of these 
products. The countries that stand to lose the most from a decline 
in global demand for coal are the big coal exporters: South Africa, 
Australia, the United States, and Colombia. The fi rst three, as import-
ers of oil, will be partially compensated by a decline in world oil prices 
as demand for oil falls; but reduced oil demand will also hit Colombia, 
as well as many other net exporters of oil. Countries that are large net 
importers of oil, such as Japan and Korea, will be benefi ciaries of these 
changes. Similar shifts in the terms of trade, it should be noted, would 
also occur under an effective global cap-and-trade system, or indeed 
under any effective scheme to limit carbon emissions. In recent years, 
of course, exporters of all fossil fuels experienced an increase in the 
prices they receive, and a $15 per ton CO2 charge will still leave them 
with much higher prices than they enjoyed in the early 2000s.

Two further potential objections to a carbon charge

Uncertainty

One objection raised against an emissions charge is that the resulting 
reduction in emissions will be uncertain: before the charge is imposed, 
there is no way to know with certainty how extensive the emissions-
reduction response will be. This objection is valid, but it bears keeping 
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in mind that the whole domain of climate change and climate policy 
is replete with uncertainty. As Nordhaus (2008) has pointed out, 
the presence of uncertainty does not always lead rationally to more 
stringent action or to a policy that emphasizes quantitative restric-
tions on emissions. In the policy realm, we need to learn by doing, 
even as needed research efforts continue to help us better understand 
changes in the earth’s climate and their impacts. Long-term forecasts 
of energy consumption have been notoriously inaccurate (Abt, 2002; 
Smil, 2003). Levying a particular carbon charge is only a fi rst step 
toward addressing the problem of climate change; second and subse-
quent steps should be clearer and more straightforward to implement 
than is currently possible under a Kyoto-type agreement with seriously 
incomplete coverage.

One thing we do know is that other policies—notably a cap-and-
trade approach—also involve large uncertainties. Under quantitative 
emission caps, variability in the price of tradable emission permits is 
likely to be high. All of the adjustments required by shocks of various 
kinds will be refl ected in prices: for example, a sequence of unusu-
ally cold winters could lead to dramatically higher permit prices. 
Unexpectedly high permit prices will be costly to the economy, as they 
may cause some plants to shut down or severely curtail output. This in 
turn will provoke appeals for relief, which governments may (sensibly) 
provide. But that prospect undermines the apparent quantitative cer-
tainty, in terms of expected emissions reductions, that a cap-and-trade 
approach would seem to provide.

There is a deeper philosophical issue here. A tight and effective cap 
implicitly places prevention of CO2 emissions above all other social 
objectives insofar as, in principle, it requires society to pay any cost 
to stay within the quantitative target. That feature may recommend 
a cap approach to some observers. But well-ordered societies do not 
generally attach infi nite economic value to any single objective. Just 
as individuals do, societies usually make trade-offs among objectives, 
depending on their incremental costs and benefi ts. Democratic socie-
ties do so through open public debate and political compromise. If 
some important objectives are threatened, the response frequently is 
to ease up on other objectives.

Also, it is necessary to look not only to the uncertainties of climate 
change itself, but also to the uncertainties possibly introduced by our 
efforts to deal with climate change. Absent a well-functioning global 
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 cap-and-trade system, which may be impossible to achieve for the 
reasons indicated above, we are likely to have disjointed national or 
regional systems. Inevitably the issue of international competitiveness 
will be raised, and equally inevitably there will be strong political pres-
sures in countries with more stringent GHG restrictions to (a) restrict 
imports from countries with less stringent or non-existent restrictions 
and (b) rebate domestic charges on the embedded carbon content of 
any export products. The prospect of such trade-infl uencing national 
actions, and the ultimate arbitrariness of any actions that are taken, 
could introduce a high degree of uncertainty into international trade 
and might, in a worst-case scenario, lead to an unraveling of the 
WTO-based trading system.5 Because climate change is a global 
problem, the solution to it—at least in its broad features—must also 
be global in scope.

Equity

A second objection to the approach proposed in this chapter is that a 
carbon charge deals inadequately with “equity.” Most of the observed 
increase in atmospheric CO2 concentrations over the last two centu-
ries is due to emissions generated by today’s rich countries during the 
course of their development. Therefore, some observers argue, today’s 
rich countries should bear most of the burden of reducing CO2 emis-
sions and, eventually, atmospheric concentrations. Notions of equity, 
however, are highly debatable. What looks “equitable” to one person 
often looks highly inequitable to another. When Englishmen launched 
the coal-based industrial revolution, they had no idea that climate 
change three centuries later would be a consequence. Why should 
their descendants be held responsible? When Americans in the mid-
19th century created the petroleum industry with the invention of 
kerosene—a substitute for increasingly scarce whale oil—they did not 
know the full long-term implications of this innovation (which prob-
ably included saving several species of whales from extinction).

Moreover, according to at least one estimate, the rich countries are 
not as overwhelmingly responsible for the increased concentration 

5 Frankel, 2008, has underlined the diffi culties, and the dangers, of allowing 
widespread rebates on exports. Houser et al., 2008, demonstrate the diffi culties 
in calculating the energy content of goods made in the United States—an easier 
task than calculating the GHG emissions associated with such goods.
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of GHGs in the atmosphere as is commonly believed. If changes in 
land use are taken into account, this analysis fi nds that rich countries 
account for only 55 percent of the increase in atmospheric concentra-
tions since 1890, while today’s poor countries account for 45 percent 
(Mueller et al., 2007). In any case, a debate over past culpability will 
not help solve the global problem we confront. Economic theory 
generally holds that optimal decisions require decision makers to take 
the past as a given, look forward rather than backward, and provide 
adequate incentives for desired behavior in the future. To focus retro-
spectively on responsibility for actions in the remote past is to assure 
continued inaction going forward.

Another reason advanced for having rich countries bear the exclusive, 
or at least the major, burden of cutting GHG emissions is that they can 
afford it. “Ability to pay” is a hallowed principle of public fi nance. But 
so is the principle that he who benefi ts should pay the costs. It is widely 
claimed (though that does not make it correct) that the main burdens of 
climate change will fall on people living in the tropics—that is, mainly 
people who today are poor—while populations living at higher lati-
tudes may actually gain, at least in the next few decades, from climate 
change (see, e.g., Mendelsohn et al., 2006). If this is correct, the tropical 
countries ought to be those most interested in reducing GHG emissions, 
and be willing to pay at least their share, and perhaps more.

I conclude that the only equity argument with enduring merit is 
that everyone who emits GHGs from now on should be discouraged 
from doing so, insofar as practicable, in proportion to their emissions. 
Citizens of wealthier nations will—and of course should—pay more 
because they emit more per capita.

In sum, current efforts to address climate change are predicated on 
the view that continued GHG emissions will damage the welfare of 
our descendants, albeit unevenly. Such emissions have a social cost 
that is not refl ected in the current prices of coal, oil, and other sources 
of GHGs. To correct this market failure, a charge should be added to 
the prices we would otherwise pay. All emitters, rich or poor, should 
pay the charge. An analogy would be to compare the use of the atmos-
phere’s absorptive capacity with the use of a common commodity such 
as copper. All users of copper pay the full current price of copper, 
regardless of their level of income and regardless of who consumed 
copper in the past. We need to think of the atmosphere as a scarce 
resource, like copper, that needs to be rationed by all who use it.
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Energy Security

Energy security is a common political theme these days. But achieving 
energy security and mitigating climate change are only coincidental 
bedfellows from a policy perspective. Conservation of energy serves 
both objectives. But energy security really concerns oil and natural gas 
(the latter especially for Europe, although a growing number of coun-
tries will become dependent on imported gas if current trends con-
tinue), while mitigation of climate change, at its core, concerns coal 
(though oil plays an important supporting role). Serious mitigation of 
climate change might even increase dependence on natural gas, as a 
lower-emitting fuel for electricity generation. Substitution of electric-
ity and eventually hydrogen for petrol in automobiles and trucks will 
improve energy security, but it could also put more pressure on the 
climate insofar as coal and gas are the primary fuels used to generate 
the electricity. Similarly, liquefying coal to produce substitute fuels for 
the transport sector would reduce demand for imported petroleum, 
but would be bad for the climate. To the extent that both enhanced 
energy security and reduced GHG emissions are desirable, the strong 
emphasis needs to be on energy conservation and electricity genera-
tion with sources of energy other than coal and gas.

Mixed Systems

This chapter has proposed an internationally agreed charge on carbon 
emissions that in principle all countries would levy. But several econo-
mies, most notably the European Union, have already embarked on a 
cap-and-trade system. The current Australian government also seems 
committed to this approach, and several bills before the US Congress 
call for introducing an emissions trading system in the United States. It 
is worth asking, therefore, whether the two systems can co-exist. The 
answer is affi rmative, provided several conditions are met.

A cap-and-trade country could, if it wished, introduce procedures 
whereby additional emission permits could be issued if the trading price 
of permits exceeded the agreed carbon charge by a signifi cant amount 
for a signifi cant period of time.6 But it need not do so. It could retain a 

6 McKibbon and Wilcoxen in Aldy and Stavins, 2007, proposed a system that 
mixes short- and long-term emission permits. The price of the short-term 
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more restrictive arrangement that generated higher carbon prices if it 
wished. Other countries would only be concerned about the opposite 
case, in which the price of permits falls signifi cantly short of the inter-
nationally agreed carbon charge. Thus, some conditions would need 
to be met for the two systems to co-exist comfortably.

First, permit prices under the cap-and-trade system over time should 
average no less than the internationally agreed carbon charge. For 
example, the average over ten years should be no less than the agreed 
carbon charge. This would give the cap-and-trade countries an oppor-
tunity to tighten their target limits appropriately in a quinquennial 
review should the permit trading price fall below the agreed charge 
during the previous fi ve-year period. Second, it might be agreed that if 
the permit trading price fell below the agreed charge by x percent for 
more than y months, trading partners could appropriately consider 
this gap in carbon prices to constitute an export subsidy and levy 
countervailing duties on their imports from the cap-and-trade coun-
tries. The x and y could be negotiated, but a price gap of 10 percent 
and a time period of six months might be reasonable threshold values 
for making this determination.

Third, countries could not provide rebates of carbon charges or 
permit prices on their exports except where the export is a fossil fuel, 
such as coal, crude oil or refi ned products, and natural gas, for which 
carbon charges have already been paid in the exporting country.

Finally, cap-and-trade countries could not give away emission 
permits to producers of goods and services, or at least to producers 
of tradable goods and services. These could properly be considered 
production subsidies in the context of a regime of common carbon 
charges. A cap-and-trade country would therefore have to auction the 
emission permits or, if it wanted to give the permits away, could give 

permits to be sold by governments on demand would by agreement be the 
same across participating countries. This is the equivalent of a common carbon 
charge, where the permit-issuing governments retain the revenue, as in the 
proposal here. The difference is that each country would initially also distribute 
long-term emission permits, which would be tradable within but not between 
countries, and would therefore have (varying) market value. These long-term 
permits could be allocated according to historical emissions or however the 
issuing country chooses. In the view of the authors, this would create a constitu-
ency for continuing the restraints on carbon emissions over time. Permit alloca-
tion is also, however, a mechanism for distributing political favors and, unless 
under careful control, for corruption.

 Footnote 6 (cont.)
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them directly to households (on a per capita or some other basis). The 
revenues from selling permits into the trading market would then go 
directly to consumers, bypassing the treasury. In either case, the larger 
objective would be to avoid either the appearance or the reality of 
conferring competitive advantage on certain fi rms or sectors through 
the operation of the permit system.

Negotiability

Would it be possible to negotiate an international agreement to impose 
a carbon charge? Why would countries such as China and India, or the 
United States for that matter, agree to it? The answer depends on how 
seriously these countries take climate change and, in particular, whether 
they view it as a global problem that must be dealt with and that will 
affect negatively Chinese, Indians and Americans two or three genera-
tions from now. The projections in Table 5.1 suggest that any scheme 
to reduce CO2 emissions must include the leading developing countries, 
and include them soon. Because the highest priority in these countries is 
maintaining an acceptably high rate of economic growth, and because 
achieving this objective involves increased demand for electricity and 
motive energy, many developing countries are unlikely to agree on 
binding emission targets that are effective in mitigating climate change. 
For this reason, the framework of international cooperation needs to 
be altered from one focused on quantitative national emissions targets 
to one focused on mutually supportive actions. Since the only way 
to reach millions of decision makers is through the price system, the 
natural (although not the only) way to focus on actions would be to levy 
a common charge on emissions of GHGs, especially CO2.

The idea of imposing a charge on carbon emissions is in complete 
harmony with China’s offi cial energy strategy, adopted in 2002. In 
the words of one senior government offi cial, China’s strategy “will 
constantly improve the macro control and power market regulatory 
system, deepen the power system reform, and try hard to build up an 
incentive mechanism for resource conservation, effi ciency improve-
ment, environmental protection, and development promotion.” (Wu 
Yin, Deputy Director-General of the Energy Department of the 
National Development and Reform Commission, 4/23/04, italics 
added.) The need to create appropriate incentive systems for effi ciency 
and environmental protection is constantly mentioned by Chinese 
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offi cials, as is the need to raise the price of coal to refl ect its full social 
costs, including environmental costs (e.g. China Development Forum 
2003, p. 93). A charge on environmentally damaging emissions fi ts 
perfectly with this objective; moreover, China has already experi-
mented with effl uent charges, with some success (Wang and Wheeler, 
1999). Limiting growth in the use of coal would also provide sig-
nifi cant public health benefi ts in China, and no doubt in other rapidly 
growing economies as well. Finally, an international agreement would 
help to strengthen the position of the central authorities in China vis-
à-vis the provinces and municipalities, where most of the problems 
with enforcing government policies arise.

Saudi Arabia, the world’s leading oil producer, has indicated that it 
would not have a problem with a universal charge on CO2 emissions, 
implying that it would not restrict oil production to capture the reve-
nues lost to other countries as a result of imposing a charge on carbon.

A carbon charge will generate signifi cant revenues. Since most gov-
ernments need additional revenues, a mechanism for raising them in 
an internationally acceptable way would be welcome, especially to 
fi nance ministries. As noted, the revenues could be used in various 
ways that would enhance growth, including fi nancing research and 
development. And they could be used to invest in adaptation measures 
that will help countries cope with those climatic changes that are likely 
to occur despite efforts at mitigation.

Given that many Americans are highly averse to taxes, revenues 
from the carbon charge could be used in the United States to reduce 
taxes, to enhance investment, and/or to neutralize the distributional 
effects of the carbon charge. Some portion might also be used to 
fi nance climate-relevant research and development, such as the devel-
opment of cellulose-based ethanol or carbon capture and sequestration 
technology for power plants and other large sources of emissions.

It is not necessary that all countries agree initially to the scheme. 
A carbon charge could be launched with the major emitters, perhaps 
three dozen countries in all. But it must include both China and the 
United States, the two largest emitters of CO2. Thus, any negotiable 
scheme must be agreeable to those two countries. Given its perceived 
reluctance to deal with this issue (although it remains the major source 
of research on climate change and on many alternative sources of 
energy), the United States would have to take the initiative, or respond 
enthusiastically if the initiative were taken by another country.
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The likelihood, based on current knowledge, that the major nega-
tive impacts of climate change will occur in low latitudes (even though 
surface temperature is expected to rise more at high latitudes) should 
provide many developing countries with an incentive to participate, 
as long as other major emitting areas also participate, and as long as 
participation was not seen to threaten their development.

If an agreement among a suitable number of relevant countries 
could be reached, non-participating countries would be encouraged 
to participate (in practice, even if not through formal agreement) 
by the possibility that their exports to participating countries would 
be subject to countervailing duties based on the implicit “subsidy” 
arising from their failure to impose a carbon charge.
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6 Towards a global compact for 
managing climate change1

R. Agarwala

The year 2007 witnessed a major surge in interest in controlling the 
damage that can be done to the global economy due to the accumula-
tion of greenhouse gases (GHGs) in the atmosphere. The Stern Review 
(Stern 2006) published in October 2006 and publicized in 2007 drew 
attention to the seriousness of the economic consequences potentially 
associated with a continuation of present trends in human-induced 
climate change. In an in-depth cost-benefi t analysis (subject to the 
usual caveats for such analyses), Stern demonstrated that about 1 
percent of Gross Domestic Product (GDP) invested in controlling 
GHG emissions can save an annuitized loss on a broad measure of 
consumption (that includes nonmarket goods and services) equiva-
lent to 5–20 percent of GDP by mitigating the negative impacts of 
climate change. In February 2007, the latest assessment report of the 
Intergovernmental Panel on Climate Change (IPCC 2007a) articulated 
a growing consensus among climate scientists about the devastating 
effects of human-induced climate change, particularly for low-income 
regions and low-income people of the world. Al Gore, the former 
Vice-President of the United States, in his powerful documentary, An 
Inconvenient Truth, which won two Academy Awards, demonstrated 
in a graphic manner the high costs of climate change for the world, 
including developed countries. Since then, and also under the leader-
ship of Al Gore, a series of Live Earth Concerts around the world have 
continued raising global consciousness about the dangers of climate 
change. On June 7, 2007, the communique issued by the Group of 
Eight (G8) Summit (G8 2007)—which also had inputs from fi ve major 
emerging economies, the Group of Five (G5)2—devoted a  considerable 
amount of attention to the issue of climate change and strategies for 

1 The chapter was prepared by Dr. Ramgopal Agarwala, formerly a Senior 
Adviser at the World Bank.

2 The fi ve emerging economies are Brazil, China, India, Mexico, and South 
Africa.
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reducing GHG emissions. Finally, the Nobel Peace Prize awarded 
to Al Gore and the IPCC in 2007 further raised the public profi le of 
climate change issues.

While the year 2007 began with a bang on climate change discus-
sions, however, it ended with a whimper on climate change agreements. 
The heated, and even tear-inducing, debates at the Bali Conference in 
December 2007 only produced a road map for further discussion leading 
up to the Copenhagen Conference in 2009 along with an agreement for 
consideration of enhanced national/international action on mitigation, 
adaptation, technology development and transfer, and provision of 
technical support and new and additional resources, including offi cial 
and concessional funding for developing countries. There was no agree-
ment even on broad principles to guide these deliberations. Not surpri-
singly, the follow-up meetings in Bangkok (in April 2008) and Bonn (in 
June 2008) did not make any real progress towards consensus.

Perhaps the most dramatic demonstration of the differences in per-
spectives of developed and developing countries3 on climate change 
came out at the recent (July 2008) summit meetings of G8 and G5 
countries in Hokkaido Toyako, Japan. The G8 declaration (G8 2008) 
called for adopting the goal of achieving at least a 50 percent reduction 
in global emissions by 2050 while emphasizing the need for “contri-
butions from all major economies”—code words for including major 
economies such as China and India in the compact. But the declaration 
did not specify the base from which this reduction was to be achieved. 
Nor did it specify targets for developed countries for 2050 or 2020. It 
also asserted that “all major economies will need to commit to mean-
ingful mitigation actions to be bound in the international agreement to 
be negotiated by the end of 2009” (italics added). The need for resource 
transfer to developing countries for adaptation and mitigation and for 
technology development and dissemination was recognized in broad, 
general terms without any commitment to numerical targets.

By contrast, the G5 declaration (G8 2008a) stated that a shared 
vision on climate change must be “based on an equitable burden-
sharing  paradigm that ensures equal sustainable development poten-
tial for all citizens of the world and takes into account historical 
responsibility and respective capabilities as a fair and just approach.” 

3 In this chapter, the words, “developed countries” and the North and “develop-
ing countries” and the South are used interchangeably.
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The G5 leaders did not mention a global target for mitigation, but 
called for quantifi ed emission targets for the developed countries 
under the Kyoto Protocol of at least 25–40 percent below 1990 levels 
by 2020 and between 80–95 percent by 2050. The G5 did not call[ed] 
for any commitments on mitigation by developing countries, either 
in aggregate or per capita terms, or in terms of emissions per unit 
of GDP. Instead, they “call[ed] upon the international community 
to work towards a strengthened scheme for technology innovation, 
development, transfer and deployment, and a comprehensive review 
of intellectual property rights regimes for such technologies in order to 
strike an adequate balance between rewards for innovators and global 
public good.” They also called upon developed countries “to commit 
clearly to signifi cant additional funding for both mitigation and 
adaptation in developing countries.” The commitment to additional 
resources should obtain not only in relation to current programs of 
Offi cial Development Assistance (ODA), but also to existing fi nancial 
arrangements under the Kyoto Protocol. The G5 leaders “welcome[d] 
for further exploration, inter alia, the proposal by China for setting up 
a climate fi nancing goal for all developed countries such as 0.5% of 
GDP (in addition to ODA) for climate action in developing countries 
as well as the Mexican initiative for a World Climate Change Fund.”

Clearly, if the Hokkaido G8 Summit is any indication, the devel-
oped and developing countries are not on the same page for manag-
ing climate change. In this chapter, we make some proposals to bring 
them together. In Section II, we argue for a frank discussion of the 
factors that are behind the slow progress in climate change nego-
tiations and present what may be called some “inconvenient truths.” 
Section III presents fi ve criteria that a global compact must satisfy to 
reconcile the views of both developed and developing countries and 
to meet global climate change goals. Section IV discusses how the 
Kyoto Protocol and Indian policy paper on climate change fail to meet 
the necessary criteria proposed in the chapter. Section V presents our 
proposal for a climate change compact that we believe satisfi es the fi ve 
criteria discussed in Section III. Section VII takes up the diffi cult issue 
of fi nding resources to fi nance adaptation and mitigation programs in 
developing countries and refers to some proposals for  restructuring the 
global fi nancial architecture in ways that can also generate resources 
for funding global public goods, including climate change mitigation. 
Section VI makes some concluding remarks.
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Factors behind slow progress in climate change negotiations

In order to make some real progress towards an international agree-
ment on climate change, we must be frank about the problems under-
lying past and current negotiations on this issue. In fact, there are 
some “inconvenient truths” that both the developed and developing 
countries must face up to if there is to be a global compact on climate 
change.

First, there is the issue of the historical responsibility for the current 
stock of GHGs in the atmosphere and its implications for the funding 
of adaptation and mitigation programs. What matters for climate 
change is not the fl ow of GHG emissions, but the stock of GHGs in 
the atmosphere. According to most calculations, developed countries 
are responsible for more than 50 percent of the current stock of GHGs 
(see Muller et al. 2007). The concept of carbon debt and the respon-
sibility for servicing that debt must be fully accepted. The present 
value of this debt needs to be quantifi ed and mechanisms for servic-
ing it must be explored. A few calculations can help to illustrate the 
enormity of developed-country responsibility. Since the dawn of the 
Industrial Revolution, the concentration of GHGs in the atmosphere 
has increased from about 280 parts per million (ppm) to about 430 
ppm. This increase was the result of GHG emissions estimated to total 
more than 1 trillion tons in carbon dioxide (CO2)-equivalent terms over 
the same period. Estimates of the social cost of carbon emissions today 
vary from $3 per ton to $130 per ton with an average value of $12 per 
ton in 2005 mentioned by Working Group II in the Fourth Assessment 
Report of the IPCC (IPCC 2007b). Even if one uses a low value for the 
social cost of emissions, the present value of carbon debt would be in 
the trillions of US dollars. Any reasonable fi gure on debt service obli-
gations would indicate payments of hundreds of billions of dollars—a 
major part of which should come from the developed countries—that 
should be paid to compensate the people of present and future genera-
tions (most of whom will reside in developing countries).

Second, the developed countries must accept that there cannot be 
an international apartheid in lifestyles. If the Western lifestyle is not 
replicable for the world as a whole, it must be modifi ed in both the 
developed and developing countries. The emerging middle class in 
developing countries is by and large trying to replicate the Western 
lifestyle, and it must be recognized that this middle class will accept 
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departures from current Western norms only if the West itself is like-
wise changing to more sustainable ways of life (see Naim 2008).

Third, there is suspicion in the South that, fi rst, the economic rise 
of the South is not acceptable to the North because it could end the 
North’s global dominance and second, that climate change discus-
sions may be one instrument for slowing down the rise of the South. 
There must be more research in developing countries on the impact of 
climate change on their economies and an internal conviction that the 
effects of climate change will be devastating for the South.

Fourth, the developing countries must stop hiding behind the 
poor. The burgeoning middle class in developing countries is set to 
exceed the population of the developed countries and their lifestyle 
and per capita GHG emissions are basically similar to those in the 
developed countries. Unless the carbon emissions of this group are 
reduced, developed-country efforts to mitigate emissions will go in 
vain.

Fifth, present discussions of climate change impacts concentrate too 
much on very long-term impacts and on impacts with respect to global 
GDP. It is diffi cult to be terribly worried about what may happen 
in a hundred years given all the uncertainties that apply, including 
uncertainties about future technological progress. Something more 
 convincing is needed. Among the possibilities are the following:

 i. We need to demonstrate that even though overall global effects 
may not be large, climate change can wipe out the livelihoods of 
millions of people—equivalent to the impact of x number of major 
tsunamis. Utter disaster even for 2 percent of the world population 
may affect the survival of up to 200 million people, more than the 
number affected by all the major disasters of the twentieth century, 
including the World Wars.

 ii. The effects of global warming work in tandem with other effects 
which operate in the short and medium term. For example, the 
risks of exploding numbers of cars on the world’s roads come in 
the form of pollution and congestion in the near term. Acid rain 
due to coal burning in China is a problem now. Promoting energy 
effi ciency is good for energy security now, apart from its climate 
change benefi ts. In short, the discussion of climate change impacts 
must put more emphasis on the near term, and on the other adverse 
effects associated with activities that generate carbon emissions, 
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than is done currently. Or to put it in another way, these discus-
sions must highlight more forcefully the “co-benefi ts” of mitigating 
carbon emissions, as has been done in India’s climate change paper 
(Government of India 2008).

iii. Researchers in affected countries need to elaborate on the nature of 
catastrophic changes that could be caused by climate change, such 
as changes in monsoon patterns in South Asia or weakening of the 
Gulf Stream to Europe. These consequences need to be publicized 
separately rather than being relegated to a footnote in a thick 
report.

Necessary criteria for a credible global compact

The above discussion may suggest that the positions of developed and 
developing countries are basically irreconcilable. However, in this 
chapter we argue that a compromise solution is possible—provided 
both sides are prepared to show some fl exibility. More specifi cally, 
we suggest fi ve criteria that have to be satisfi ed by a credible global 
compact on climate change:

First, it has to be • comprehensive. What matters for the global 
climate is the global stock of emissions and the global increment in 
that stock. If a compact leaves out major sources of the emissions, 
it cannot be effective. In this respect, the developing countries have 
to agree to be part of the emissions compact, though, as we note 
below, that does not have to mean that they commit to a “reduc-
tion” in CO2 emissions.4

Second, it has to be • equitable. Any hint of an analog to the 
Nuclear Non-Proliferation Treaty, where past and present high 
levels of emissions become a basis for future entitlements to high 
levels of emissions, will jeopardize a global compact. It is clear 
that on ethical grounds, any concept of intragenerational and 
 intergenerational equity will focus on emission rights on a per 
capita basis. The ethical argument is considerably strengthened 
by the economic argument that in the 50–100 year horizon rel-
evant for climate change discussions, per capita incomes of major 

4 In this chapter, unless otherwise mentioned, fi gures on CO2 emissions as given 
in World Development Indicators 2007 of the World Bank are used as proxies 
for all GHG emissions.
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developing countries may converge towards those of the developed 
countries. India’s per capita income in purchasing power parity 
(PPP) terms was $3,072 in 2005, an order of magnitude lower 
than the developed countries’ average of $29,114. However, if 
India’s per capita GDP grows at only 5.2 percent per year between 
2005 and 2050, its per capita income in PPP terms in 2050 will be 
slightly higher than that of the developed countries in 2005. For 
China this catching up may take place sooner. In other words, by 
2050, per capita emissions for India and China could be expected 
to be similar to those of the developed countries today, if these 
countries replicate the current relationship between carbon emis-
sions and per capita incomes in developed countries. The reduction 
that these countries can achieve in CO2 emissions has to be seen in 
relation to this potential level rather than in relation to the actual 
level today. On both ethical and economic grounds, equality in per 
capita emission rights has to be a fundamental principle of a global 
compact on climate change.
Third, emissions targets have to be • realistic. Unless there is a tech-
nological breakthrough, reducing emissions on the scale needed to 
address climate change is going to be a costly and slow process—
and as noted below, progress in the implementation of the Kyoto 
Protocol does not inspire optimism. Unrealistic targets will reduce 
the credibility of the compact.
Fourth, the program has to be • effi cient. It should minimize the 
global welfare loss associated with achieving emissions reductions 
and also minimize the risks of corruption in meeting the targets.
Fifth, the program has to develop an institutional mechanism for • 
effective implementation. Unless there are institutions which can, 
through incentives and/or disincentives, ensure compliance with 
global agreements, progress is likely to be limited. For developing 
countries, international assistance has to be massive, but it should 
be made contingent on the design and implementation of a credible 
program for adaptation and mitigation. For developed countries, 
there is a need for clear commitment to mitigation, backed by 
national legislation.
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Limitations of the Kyoto Protocol approach

At present, the Kyoto Protocol is the main international mechanism 
for managing climate change. That mechanism, however, seems to 
satisfy none of the fi ve criteria mentioned above.

First, the Kyoto Protocol does not provide a comprehensive mecha-
nism for controlling global emissions. Annex I countries that agreed 
to emission targets accounted for only 30 percent of global CO2 emis-
sions in 2003. If transitional economies, which are operating well 
below their production levels in 1990, are left out, then the percentage 
of emissions in 2003 covered by the Kyoto Protocol is only 20 percent 
of the global total.

Second, the Kyoto Protocol does not deal with the issue of equity. 
The targets it defi nes in relation to emissions levels in 1990 seem to be 
the products of political bargaining. There is no effort to demonstrate 
how the targets are linked to any principle of equity, even though 
exempting the developing countries from emission reduction targets 
may be regarded as an implicit recognition of the equity principle.

Third, the Kyoto Protocol does little to indicate, even in broad 
terms, the programs of technological dissemination, incentives, and 
resources needed for achieving its emission targets.

Fourth, with respect to effi ciency considerations, the Kyoto Protocol 
uses a cap-and-trade system to achieve carbon reductions. This system 
is rooted in the basic insight that the marginal cost of reducing emis-
sions beyond the allowable caps may be higher for some entities than 
the marginal cost of reducing below the caps for some other entities. In 
this form, an emissions-trading system could in principle work within 
countries and groups of countries with an aggregate cap. However, 
there are severe problems in practice. First, the allocation of caps to 
millions of individual units is a complex process subject to political 
and administrative manipulations. It has been diffi cult to implement 
cap-and-trade systems even in developed countries. It would be nearly 
impossible in developing countries with weak governance and adminis-
trative capacity. Second, there are major uncertainties about the future 
demand and supply of carbon allowances, and permit prices in exist-
ing trading systems have shown large fl uctuations. These uncertainties 
do not provide a stable basis for long-term investments in carbon 
mitigation. Moreover, when trading with developing countries where 
there are no limits on carbon emissions, the logic of a  cap-and-trade 
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system breaks down completely. A developing country may sell 
Certifi ed Emission Reductions (CERs) through the Clean Development 
Mechanism (CDM) with its carbon-saving projects while increasing 
carbon emissions through other projects. Thus, there is no assurance 
that extra carbon emissions allowed for the emitter in developed 
countries is being compensated by a net reduction in overall emissions 
elsewhere. Thus, the system may not achieve overall emission reduc-
tions at all. Finally, in the CDM, neither the buyer nor the seller has 
an incentive to be honest about the actual carbon savings achieved by 
the project. The certifying agencies thus face a temptation to avoid due 
diligence in issuing CERs. The loser when this happens is the global 
environment, which does not have a seat at the certifi cation table.

Fifth, the Kyoto Protocol does not provide an effective implementa-
tion mechanism. The Protocol’s enforcement mechanism for Annex I 
countries, whose targets are supposedly mandatory, is weak insofar as 
the noncompliant party is only asked to make up for the shortfall in 
future commitments and to submit a compliance action plan. (Also, 
the eligibility of a noncompliant party to make transfers under emis-
sions trading is suspended until the party is reinstated.) In addition to 
weak enforcement provisions, the Protocol allows a country to with-
draw from the agreement without specifying any penalty.

In view of the limitations of the Kyoto Protocol, it is not surprising 
that the objective of reducing carbon emissions is not being achieved. 
Between 1990 and 2003, global emissions of CO2 (a principal GHG) 
increased by 18.9 percent, with the increase shared almost equally 
between the developed and developing countries. What is surprising 
is that carbon intensity, in emissions per unit of GDP, declined more 
sharply in developing countries (28.5 percent) than in high-income 
countries (12.6 percent). Even more surprising is the fact that CO2 
emissions on a per capita basis, which were already relatively high 
in developed countries, increased by a further 8.5 percent between 
1990 and 2003 in the North, but declined marginally (by 1 percent) 
in developing countries. Clearly, despite all the hype about climate 
change in developed countries, the trend in those countries is one of 
retrogression rather than progress when it comes to reducing their 
carbon footprints.

Given recent trends, the Kyoto Protocol target of reducing CO2 
emission between 1990 and 2012 is unlikely to be realized even by 
signatory nations, much less by the world as a whole (IMF 2007).
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India’s 2008 “National Action Plan on Climate Change” (NAPCC), 
which was the product of a high-level Council chaired by the Prime 
Minister of India (Government of India 2008), highlights the nature of 
the problems underlying the international dialogue on climate change. 
The Action Plan begins with a clear statement about the historical 
responsibilities of developed countries for current levels of GHGs in 
the atmosphere and calls for the transfer of new and additional fi nan-
cial resources and climate-friendly technologies to support both adap-
tation and mitigation in developing countries. At the same time, the 
report shows agnosticism with respect to the potential adverse effects 
of global climate change in India.

The report highlights the need for low-carbon growth but avoids—
to an even greater extent than other government documents on energy 
policy—any effort to quantify targets for energy effi ciency or carbon 
effi ciency. There is obviously a concern that any mention of quantita-
tive targets may be seized upon by the international community as 
national commitments, irrespective of the availability of resources 
and technology to achieve these targets. The only target mentioned 
in the 2008 plan is that India is determined that its per capita GHG 

Table 6.1: Trends in CO2 emission, 1990–2003

   % change
 1990 2003 1990–2003

1. CO2 emissions (billion tons)
 World 22.50 26.8 18.9%
 High income 10.65 12.7 19.59%
 Low and middle income 10.66 12.6 18.68%

2. CO2 emissions (kg per 2000 PPP $ of GDP)
 World 0.628 0.507 −19.24%
 High income 0.522 0.456 −12.59%
 Low and middle income 0.801 0.572 −28.52%

3. CO2 emissions (metric tons per capita)
 World 4.3 4.3 0
 High income 11.79 12.79 8.49%
 Low and middle income 2.41 2.39 −0.80%

Source: WDI, World Bank, 2007.
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emissions will at no point exceed that of developed countries. Since 
that is not a likely outcome for decades, this approach could become 
an alibi for inaction for the foreseeable future. So far as a global 
climate change architecture is concerned, the Indian position is that 
the Kyoto Protocol does not expire in 2012; only a new phase of the 
Kyoto Protocol is to be discussed for the period beyond 2012. The 
implications of this position are that mitigation commitments will 
continue to be made by developed countries only and that developing 
countries will benefi t from resources made available under CDM and 
funds for adaptation.

The Indian climate policy report is a good example of how the 
developing countries are not on the same page as the developed coun-
tries when it comes to a post-2012 agreement on climate change.

An alternative framework for managing climate change

Defi ning targets for CO2 emissions that are comprehensive and 
equitable

As mentioned above, we believe that emission targets that are compre-
hensive and equitable should be defi ned on a per capita basis for the 
world as a whole. It can be argued that defi ning emission targets on a 
per capita basis will encourage pro-natal population policy. However, 
family planning has now become embedded in household behavior and 
is based on considerations of individual family welfare; the advantages of 
increased population in terms of expanded emission rights at a national 
level will be too small a matter to change household behavior. In any 
case, most other international assistance programs, such as ODA also 
use per capita allocation as the basic criterion without any demonstrated 
evidence that this approach encourages pro-natal national policies.

Table 6.2 works through the implications of allocating the G8 emis-
sions target for 2050 on a per capita basis. It suggests that, to achieve 
the targeted 50 percent reduction proposed in the G8 communique, 
the developed countries will have to reduce their per capita emissions 
by 90 percent from 2003 levels, while the developing countries will 
have to reduce per capita emissions by 40 percent from their already 
low levels. Such targets do not seem to be realistic. Even countries 
such as the United Kingdom that are committed to serious emission 
reduction efforts do not propose 90 percent reductions. Similarly, for 
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developing countries, a 40 percent reduction in emissions also does 
not seem realistic—either technologically or in political economy 
terms—considering the enormous needs of growth over the next few 
decades. In sum, though the 50 percent reduction target by 2050 is 
gaining currency, its validity would seem to be questionable.5

An alternative target would aim to stabilize CO2 emissions at 
2003 levels by 2050, with a possible target of 50 percent reduction 
by 2100.6 Apportioned on an equal per capita basis, this will require 
reductions in per capita emissions in developed countries of about 
80 percent by 2050 and allow an increase in developing countries’ 
per capita emissions of about 20 percent. For countries like India, 
where per capita emissions in 2003 came to only 1.20 tons; this will 
allow total emissions in absolute terms to increase by more than 100 
percent. If stabilization of emission levels until 2050 is accepted as a 
more realistic target, it will mean a greater focus on adaptation. In 
aggregate terms, the approach suggests the following targets:

Between 2003 and 2050, developed countries will reduce CO2 emissions by 
no less than 73 percent and developing countries will increase CO2 emis-
sions by no more than 73 percent.

These targets do not mean that developing countries will not be 
making efforts to reduce emissions, only that their cuts should be 
seen in relation to potential emissions after taking into account their 
growth needs and not in relation to current emission levels. So far as 
reducing the carbon intensity of growth is concerned, the developing 
countries will be making the same degree of effort as the developed 
countries. In 2003, CO2 emissions per unit of GDP in 2000 interna-
tional $ (i.e., in PPP terms) were 0.51 kg for the world, 0.46 kg for 
developed countries, and 0.57 kg for developing countries. Assuming 
2 percent annual growth in GDP for developed countries over the 
period 2005–2050 and 6 percent annual GDP growth over the same 

5 If the base level is 1990 rather than 2003, the task will be even more diffi cult.
6 As per the Summary for Policymakers of the Synthesis Report of the IPCC 

Fourth Assessment Report (November 2007), this corresponds to a Category 
III Scenario which has the following characteristics: CO2 stabilization at a con-
centration of 440–485 ppm; a peak year for CO2 emissions in the 2010–2030 
timeframe; a change in global CO2 emissions in 2050 of between −30 to +5 
percent of 2000 emissions; a global average temperature rise, relative to the 
preindustrial equilibrium, of 2.8 to 3.2°C; and global average sea-level rise, 
again relative to the preindustrial level, 0.6–1.9 meters.
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time period for developing countries,7 the above allocation of CO2-
emission rights leads to an average carbon intensity (in PPP terms) of 
0.048 kg per unit of GDP for the developed countries and 0.063 for 
the developing countries in 2050. This translates to an annual reduc-
tion in carbon intensity per unit of GDP of about 5 percent per year 
for both developed and developing countries (see Table 6.3). Thus, 
this scheme implies parity between developed and developing coun-
tries in terms of their efforts to reduce the carbon intensity of future 
economic growth:

Both developed and developing countries will aim to reduce carbon inten-
sity per unit of GDP by 5 percent per year between 2003 and 2050.

Carbon intensity targets can in turn be divided into targets for reduc-
ing the energy intensity of GDP and the carbon intensity of energy. 
The former may be cost effective in purely economic terms while the 
latter will require subsidies to compensate for externalities.

7 The assumptions made here are consistent with those of the World Economic 
Outlook (IMF, 2008), which estimates an average annual GDP growth rate of 
2.3 percent for developed countries and 6.5 percent for developing countries 
over the period 2000–2013. Even though it is diffi cult to make GDP projections 
over the long term (up to 2050), it is useful to assume some realistically optimis-
tic numbers as aspirational targets, which is what these assumed growth rates 
are. The achievement of such growth rates will require, within the emissions 
quota specifi ed here, 5 percent per year reductions in carbon-intensity per unit 
GDP. If, however, the developing countries can only achieve annual reductions 
in carbon intensity of 3 or 4 percent, they can, within the emission quotas, only 
achieve GDP growth rates of 4 or 5 percent per year, respectively.

Table 6.3 Targets for reducing carbon intensity of GDP

 GDP in trillions of CO2 emission (kg per
 2000 PPP$ 2000 PPP$ of GDP)

 2005 2050 2003 2050

Developed countries 29.4 71.7 (2%) 0.46 0.048 (−5.0%)
Developing Countries 25.3 348.5 (6%) 0.57 0.063 (−5.0%)
World 54.7 420.2 (4.6%) 0.51 0.060 (-5.0%)

Note: Figures in parentheses are annual growth rates between 2005/2003 and 2050.
Source: WDI and author calculations.
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The above approach will imply a clear defi nition of common but 
differentiated responsibilities for developed and developing countries. 
The commonality will obtain in targets for reducing the carbon inten-
sity of different economies. However, within the effi ciency targets, 
developing countries, which are at early stage of development, will be 
allowed to maximize their growth performance, while the developed 
countries, which are at a mature stage of development, will constrain 
their growth within the allowable carbon emission targets.

Thus for developed countries, with an economic growth rate of 
2 percent per year, CO2 emissions will be reduced by about 3 percent 
per year, leading to a 73 percent reduction in total emissions between 
2005 and 2050. This target will be mandatory.

For developing countries with a 6 percent per year economic growth 
rate, CO2 emissions will increase by about 1 percent per year with an 
increase in total emissions of 73 percent between 2005 and 2050. For 
developing countries, commitments to these targets will be conditional 
on receiving transfers of funds and technology from the developed 
countries in recognition of the limited capabilities of developing coun-
tries and the ecological debt owed by the developed countries for their 
past emissions.

Getting carbon prices right for effi ciency

The Kyoto Protocol and the programs associated with it have been 
dominated by a planning mindset. Targets are determined by an admin-
istrative/political process and countries (and production units) are 
required to fulfi ll the targets with the option to buy out emissions above 
the target through trading mechanisms. As noted above, the trends 
that characterized 1990–2003 do not present an encouraging picture 
of success in achieving these targets. Perhaps more attention should 
be given to articulating the instruments—in particular, market-based 
instruments such as pricing—to achieve emission-reduction goals.

For a generalized impact on carbon use with a minimum of bureau-
cratic intervention, the fi rst step is to get the carbon prices right. This 
in turn would be done in two steps.

The fi rst step will be to eliminate (or at least substantially reduce) 
the subsidies currently given to emitters, which are estimated to total 
$250 billion per year by the Stern Review. Whatever else is done, 
the phasing down of subsidies should be a priority; negotiating this 
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should be no more diffi cult than negotiating on subsidies in the World 
Trade Organization (WTO) framework. Resulting savings in carbon 
emissions could be substantial. According to estimates in a study pub-
lished in 1999 by the International Energy Agency (IEA 1999), eight 
countries outside the Organisation for Economic Co-operation and 
Development (OECD) (China, India, Indonesia, Iran, Kazakhstan, 
Russia, South Africa, and Venezuela) provide an average subsidy of 
20 percent in energy pricing. Removing these subsidies could reduce 
primary energy consumption by 13 percent and lower CO2 emissions 
by 16 percent. Studies like this need to be updated to cover major 
economies in both the developed and developing countries.

The second step will be to explore the mechanism for taxing 
carbon emitters. The theoretical rationale for such a tax is clear. It is 
interesting to note that eminent economists with differing views on 
many development issues, such as Jagdish Bhagwati, Joseph Stiglitz, 
Lawrence Summers, Jeffrey Sachs, Paul Krugman, all seem to agree 
that the sources of a negative externality (in this case climate change) 
should be taxed to compensate for the damage done by GHG emis-
sions. If one takes a conservative estimate of the average social cost of 
emissions at $10 per ton of CO2, a carbon tax equivalent to that cost 
will yield about $260 billion per year. This amount would go a long 
way toward meeting the costs of mitigation which the Stern Review 
has estimated at 1 percent of world GDP.

Development and dissemination of carbon-saving 
technologies

Over the longer term, technological breakthroughs will perhaps 
provide the real solutions to the climate change problem. How can 
the international community support such activities? What was done 
in the past for agricultural research activities under the Consultative 
Group on International Agricultural Research (CGIAR),8 for example, 
could provide a model of what international institutions can do for 
carbon-saving technologies.

There are many examples of carbon-saving technologies and prac-
tices at the micro- and macro-level around the world. These “success 
stories” need to be publicized. Perhaps international institutions can 

8 www.cgiar.org
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create a web page for ready access to such success stories. They could 
also launch a program for social marketing that would convey the 
importance of carbon-emission reductions to the masses. The massive 
programs popularizing family planning in developing countries, which 
seem to have made a dent in a very sensitive area, can provide an 
example of what could be done for climate change.

For the widest possible dissemination of existing and new technolo-
gies, WTO regimes should be made sensitive to climate change issues. 
As recommended by the Stern Review, the reduction of tariff and 
nontariff barriers for low-carbon goods and services within the Doha 
Development Round of international trade negotiations could provide 
further opportunities to accelerate the diffusion of key technologies. 
Among the nontariff barriers to technology transfer, intellectual prop-
erty rights are an important barrier. Although technology transfer is 
one of the objectives of trade-related aspects of international property 
rights (TRIPS), progress on this front has been inadequate and demands 
to opt for stronger intellectual property rights in developing coun-
tries, irrespective of their technological capability, continues to hinder 
technology transfer. In the case of global climate change, access to 
Environmentally Sound Technologies (ESTs) should not be withheld on 
account of weaker intellectual property rights in developing nations.

The Doha Declaration came out with a solution to facilitate access 
to drugs and pharmaceuticals, particularly in the case of Human 
Immunodefi ciency Virus/Acquired Immune Defi ciency Syndrome 
(HIV/AIDS). In view of the negative impacts, and particularly the 
negative health impacts, of global climate change, parties to the WTO 
should extend a similar approach to facilitate the transfer of low-
carbon technologies and ensure that intellectual property rights do 
not become a barrier. The Montreal Protocol provides a successful 
example where the global community came together to ensure that 
all countries could get access to technologies to control and eliminate 
ozone-depleting substances. It provided for an integrated mechanism 
to take care of the technology needs of developing nations and pro-
vided incentives for technology transfer. In view of the public goods 
nature of the global climate problem and to ensure that developing 
nations do not suffer from the negative impacts of climate change 
due to a lack of technology, the global community should formulate 
a similar mechanism to promote the development, transfer, and use of 
environmentally sound technologies to mitigate global climate change. 
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This mechanism should complement the various multilateral and 
bilateral initiatives to encourage technology transfer in the context of 
global climate change.

The development and transfer of technologies can be stimulated 
through many measures including patent buyouts for important tech-
nologies, reduction of tariffs on the sale and transfer of technologies, 
a global venture capital fund to commercialize clean energy technolo-
gies, transfer of technologies to the public domain, licensing schemes 
that reduce the duration of intellectual property rights to enable tech-
nology transfer, and fl exible mechanisms for climate technology trans-
fer taking into account the need for long-term climate stabilization.

A global institutional framework for effective implementation

Climate change is now widely recognized as perhaps the greatest 
market failure in human history and a perfect example of a negative 
global public good. As mentioned above, the diffi culties in making 
progress in this area should not to be underestimated. Just as providing 
for national public goods requires national governmental interven-
tion, providing for a global public good may require a breakthrough 
in global governance structures. And just as at the national level, the 
imperative of providing for certain national public goods drove the 
formation of bigger and bigger governance units (in for example the 
United States and Australia), the imperatives of providing for global 
public goods such as controlling climate change will require more 
and more public policy interventions at the global and regional levels. 
Theories and practices developed in the context of federal states for the 
allocation of functional responsibly and fi scal resources to meet public 
goods responsibilities may be increasingly relevant for the challenge of 
delivering global public goods such as addressing climate change. The 
massive task of redistributing resources from the minority who owe 
most of the carbon debt to the majority who are the victims of climate 
change will require a global compact and global authority to implement 
it. And that requires a breakthrough in global governance. Without 
such breakthrough, effective action just will not happen in this area. 
The TINA (there is no alternative) theme applies here as strongly as 
anywhere else.

Primary responsibility for helping to meet the challenge of provid-
ing for a truly global public good such as coping with climate change 
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should go to global institutions. In this context the UN system is 
the appropriate forum for negotiations and agreements on a global 
program for climate change.

However, the implementation of the agreed programs is likely to 
require substantial fi nancial resources as well as the formulation of 
concrete projects and programs. For that purpose, multilateral fi nan-
cial institutions (MFIs) will have to play a crucial role. The Bretton 
Woods Institutions, which seem to be losing their traditional business, 
may be restructured to deliver on this new global mission. The tradi-
tional tasks of macroeconomic stability, balance of payments support, 
infrastructure development, and poverty reduction—which are more 
national or regional public goods than global public goods—could 
be increasingly left to regional development banks while the global 
institutions concentrate on truly global public goods such as emis-
sions control. The International Monetary Fund (IMF) could be an 
ideal agency for reviewing the issues of carbon subsidies and carbon 
taxation at national and global levels and the World Bank could serve 
as an ideal agency for supporting projects and programs for carbon 
reduction. In particular, the IMF’s Article IV Consultation Reports 
could be restructured to become a vehicle for surveillance on taxes, 
subsidies, and other carbon reduction programs in both developed and 
developing countries. The World Bank can build upon its experience 
with development policy loans to help developing countries design 
and fund programs aimed at reducing the carbon intensity of their 
economies. Participation by developing countries in a climate treaty 
and in its effective implementation could be encouraged by making the 
receipt of international assistance conditional on such participation 
and effective implementation.

Mobilizing funding for carbon reduction efforts

If reducing global CO2 emissions by 50 percent by 2050 is not real-
istic, global warming of more than 2°C may be unavoidable. Thus, 
adaptation has to be given a more serious place in global discussions 
on climate change than has been the case until now. Country-by-
country assessments should be made to assess resource needs for both 
mitigation and adaptation. However, the United Nations Framework 
Convention on Climate Change (UNFCCC) estimate of an annual bill 
of $200 billion for activities related to climate change seems a good 
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enough fi gure to start with. A large part of this expenditure on adap-
tation and mitigation measures will have to be directed to developing 
countries that do not have adequate resources of their own. Thus, as 
part of their historic responsibility for the buildup of GHG emissions 
to date, developed countries should be willing to transfer resources to 
help developing countries meet their adaptation and mitigation costs.

While the principle justifying the global transfer of resources to 
provide for a global public makes eminent sense, however, it may not 
be realistic to expect this transfer to occur in the current atmosphere 
when developed countries are facing a resource crunch and are afraid 
of competition from developing countries. There is a need to explore 
alternative avenues for mobilizing resources—a process that may in 
fact be facilitated by the current fi nancial crisis in the United States. 
One proposal (Agarwala 2008) suggests creating a global currency to 
replace the US dollar as the main reserve currency. The seigniorage 
from global fi nance that is now accruing to the United States will, in 
the proposed scheme, accrue to the global community and can be used 
to fund global public goods such as managing climate change. This 
merely extends to the international level the widely accepted principle 
that the seigniorage created by national currency should contribute to 
the funding of national public goods (including defense).

Concluding remarks

Discussions on a post-Kyoto compact to address climate change are 
not going well. This poor performance is not so different from what 
has occurred with several other current multilateral negotiations, such 
as the Doha Round on international trade, multilateral surveillance 
on global imbalances and exchange rates, and the management of 
sovereign wealth funds. The basic factor behind this near-paralysis in 
multilateral negotiations is the changing power equation in the global 
economy. Until recently, the United States was the undisputed leader 
in international negotiations and under US leadership, the North basi-
cally wrote the rules of the game at the multilateral level. But now 
the South has stood up and is determined to make its voice heard. In 
climate-change discussions, there are some basic differences of perspec-
tives between the North and the South. The North is unwilling to face 
up to its historical responsibilities for climate change and to admit 
that its lifestyle in basically not sustainable at a global level and must 
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therefore be changed. The South is unwilling to agree that as the center 
of gravity of the world economy is shifting to developing countries, so 
is the global distribution of GHG emissions and that unless there is 
a reduction in emissions per unit of GDP in the South, all the efforts 
of the North to reduce emissions will come to naught so far as global 
warming is concerned. The South is also preoccupied with the techni-
calities of the UNFCCC agreement, which was reached in a different 
global economic environment in 1992 and is suspicious of any new 
international commitment on carbon emissions and of whatever mech-
anisms may be devised to enforce that agreement. In view of the serious 
risks that humanity faces if global warming trends continue at the 
present pace, paralysis in coming to agreement on an effective global 
approach to managing climate change will be most unfortunate.

This chapter makes some bold proposals for breaking the current 
logjam on climate change discussions. It argues that a global compact 
has to satisfy fi ve criteria: it has to be comprehensive, equitable, realistic, 
effi cient, and effective. In a departure from the conventional discussion, 
which puts the UN system center stage, this chapter proposes that the 
Bretton Woods Institutions should be utilized as the principal instru-
ments for effectively implementing a global compact on climate change. 
This chapter also suggests some bold proposals for mobilizing resources 
to manage climate change. These are undoubtedly ambitious ideas—but 
with the fate of humanity at stake, the world needs nothing less.
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7 Sectoral approaches to a 
post-Kyoto international 
climate policy framework
Akihiro Sawa

Introduction (Background)

This chapter explores the potential for sectoral approaches to a post-
Kyoto international climate policy framework. A number of sector-
based proposals have already been put forward; they share the concept 
that instead of the Kyoto-type, top-down approach of negotiating 
caps on economy-wide emissions for individual countries, a bottom-
up approach should be taken in which technology assessments would 
be used to establish aggregate emission-reduction targets for different 
sectors of the world economy. Many surveys have been conducted on 
sectoral approaches and similar architectures (Bodansky 2003; Philibert 
2005 and 2005b; The Pew Center 2005; Siikavirta 2006; IPCC 2007).

Sectoral approaches have not only been a subject of in-depth study 
in the academic community in recent years, they have also attracted 
growing interest in political circles as an option for multinational nego-
tiations. Reference to a “cooperative sectoral approach” fi rst appeared 
in the Bali Action Plan; since then, the Japanese government has led the 
world in developing specifi c proposals for making this approach the 
basis for negotiations on a framework to follow the Kyoto Protocol.

This chapter provides an overview of previous fi ndings on sectoral 
approaches and presents options for using this concept as the basis for 
a next international climate policy architecture. It differs from previ-
ous studies in that it (1) clarifi es the role of national governments in 
making legally binding commitments under international law to adopt 
domestic policies and measures for achieving sector-based mitigation 
targets; (2) categorizes emitting sectors into three groups in an effort 
to simplify and smooth negotiations; and (3) suggests a way forward 
for proceeding with negotiations.
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Specifi cally, Section 2 reviews previous studies and practical efforts 
to apply sectoral approaches and provides a summary of current 
understanding and thinking on this subject.

Section 3 presents a specifi c proposal for applying a sectoral 
approach to establish the next international climate policy frame-
work. This approach focuses on industrial sectors and analyzes sec-
toral reduction potentials in each country based on technology data 
to determine reduction targets and implementation measures through 
international negotiation. Section 3 also discusses methods for deriv-
ing national reduction targets by applying this approach to a wider 
range of sectors, such as the household/commercial and transport 
sectors, as needed.

Section 4 reviews some ideas for generating incentives for develop-
ing country participation in the context of a sector-based approach, 
including expanding or revising the current Clean Development 
Mechanism (CDM) scheme, or developing a new crediting system 
with corrective measures to resolve cost-effectiveness issues.

Finally, Section 5 identifi es the challenges in implementing a secto-
ral approach.

Theoretical analysis and practical application of sectoral 
approaches

Studies on sectoral approaches to date

The term “sectoral approaches” has appeared in a number of pre-
vious studies but still remains without an established defi nition. 
Nonetheless, various surveys and reviews have attempted to develop 
a categorization or typology of sectoral approaches (e.g., Siikavirta 
2006; Egenhofer and Fujiwara 2008; Sawa 2008). Much research 
has focused on policy design options for a sectoral approach (e.g., 
Baron 2006; Bradley, Baumert, Childs, Herzog, and Pershing 2007). 
Numerous bottom-up approaches to developing sector-based emis-
sion reduction targets have been proposed; other proposals adopt a 
policies-and-measures approach in which individual countries make 
binding or nonbinding commitments to adopt certain domestic 
policies and measures to reduce greenhouse gas (GHG) emissions 
(e.g., Philibert and Pershing 2001; Aldy, Barret, and Stavins 2003; 
Sawa 2007).
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The following points have often been offered as reasons for focusing 
on sectoral approaches in envisaging a post-Kyoto framework1:

A sectoral approach encourages the participation of a wider
range of countries
Given forecasts of future global emissions, meaningful action to 
mitigate GHG emissions on the part of non–Annex I countries that 
are experiencing dramatic rates of economic growth is indispensable 
to achieving an effective international climate policy. However, these 
countries have been unwilling to accept economy-wide emission caps 
out of concern that such caps would constrain their economic devel-
opment. Moreover, even if these countries were willing to accept caps, 
their ability to collect reliable emissions data and monitor compliance 
could be insuffi cient to verify the results of their mitigation actions. 
Depending on the design of the program and the incentives it provides 
for participation, a sectoral approach that aims to mitigate emissions 
in specifi c sectors may serve to facilitate developing country participa-
tion while arguably also helping to address “measurability, reportabil-
ity, and verifi ability” issues.

A sectoral approach mitigates competitiveness issues
Sectoral approaches have the potential to resolve two issues con-
cerning competitiveness. First, the Kyoto Protocol encompasses a 
mixture of countries, some with carbon emissions restrictions and 
others without such limits. This raises a concern about imposing 
unfair competitive conditions on fi rms in different countries, particu-
larly energy-intensive industries in regulated jurisdictions. Second, 
the Kyoto Protocol establishes an economy-wide cap, but leaves the 
method of achieving that cap to individual countries to decide; there-
fore, if a country supports particular industries or imposes less strin-
gent restrictions to protect domestic industries, comparable fi rms in 
other countries will not be able to compete on a level playing fi eld. 
Sectoral approaches will enable industries to make cross-border 
commitments to equitable targets, thus mitigating disparities in the 

1 See METI 2004; Berk, den Elzen, and Gupta 2005; Watson, Newman, Upton, 
and Hackmann 2005; Bodansky 2007; Bradley, Baumert, Childs, Herzog, 
and Pershing 2007; Baron, Reinaud, Genasci, and Philibert 2007; Neuhoff and 
Droege 2007 regarding 1) and 2).
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carbon restrictions or domestic regulations that apply in different 
countries.

Furthermore, sectoral approaches can help to address leakage issues 
by removing the incentive for energy-intensive industries to relocate 
from countries with strict carbon restrictions to countries that are free 
of such restrictions to escape a competitive disadvantage.

A sectoral approach promotes consensus by contributing to the 
establishment of equitable economy-wide reduction targets
Some well-known approaches include the triptych approach, which 
served as a basis for negotiations within the European Union (EU) in 
1997 on the sharing of emission-reduction burdens among member 
countries (Groenenberg, Phylipsen, and Blok 2001), and the multi-
sector convergence approach that differentiates emission standards 
among sectors with the aim of eventually equalizing per capita emis-
sions in all countries (Jansen, Battjes, Sijm, Volkers, and Ybema 
2001). Recently, the Government of Japan offi cially proposed that 
the technologically feasible emission reduction potential of all emit-
ting sectors be aggregated in a bottom-up approach to set quantifi ed 
national GHG reduction targets for the major emitting countries 
(Government of Japan, 2008).

By applying a technology analysis to determine reduction poten-
tials, the process of setting national emissions targets can become 
more credible to stakeholders and pressure groups, thus facilitating 
diplomatic negotiations and increasing the chance of achieving con-
sensus. Furthermore, compared to using a top-down approach for 
setting economy-wide emissions targets, there is the practical advan-
tage that uncertainty about abatement costs as a result of uncertainty 
about future economic growth can be reduced because individual 
sectors, under their own targets, will be able to forecast their own 
costs irrespective of the overall economic situation, in part if not 
entirely (Philibert 2005).

Finally, because the number of parties concerned is small under a 
sectoral approach that involves mainly energy-intensive industries, the 
target-setting negotiation process can be substantially simplifi ed, com-
pared to the negotiation process of the United Nations Framework 
Convention on Climate Change (UNFCCC), and hence increase the 
likelihood of reaching agreement (e.g., Bodansky 2007; Bradley, 
Baumert, Childs, Herzog, and Pershing 2007).
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A sectoral approach achieves effective emissions reductions through 
the promotion of technology development and technology transfer
To achieve signifi cant emissions reductions in the long-term, innovative 
technology development is indispensable (Barrett 2003; Sugiyama and 
Sinton 2005; Justus and Philibert 2005; Barrett 2007). In the short- and 
mid-term, with properly designed incentives, direct emission reductions 
can be achieved by identifying energy conservation technologies that 
will improve energy effi ciency in each sector and by transferring these 
technologies to countries with large emissions reduction potential, 
especially developing countries that are undergoing rapid economic 
growth. Once equipment that uses relatively ineffi cient carbon-inten-
sive technology is installed in facilities with long operating lives, such 
as power generation plants, the opportunity for further emission reduc-
tions is lost until the next round of equipment replacements.

Although carbon prices may indeed have signifi cant implications 
in promoting technology development, there is not evidence enough 
for the relationship to be proven true; furthermore, it will be diffi cult 
for companies to construct a technology portfolio in the likely case 
that carbon prices are unstable over time. Because the application 
of a certain technology is often limited to a single sector, sectoral 
approaches should provide an effective means to identify and impose 
mandatory standards in sectors where emissions trading is not rel-
evant (transport, building, appliances, etc.) (De Coninck, Fischer, 
Newell, and Ueno 2007). The MARPOL Convention (International 
Convention for the Prevention of Marine Pollution from Ships, 1973, 
as modifi ed by the Protocol of 1978 relating hereto) is a successful 
example of a multinational agreement that imposed technology stand-
ards on a specifi c sector to achieve a shared environmental objective, 
and it provides a model that can be applied in the climate change 
context also (Barrett 2003).

Sector-specifi c carbon or energy intensity targets and R&D agree-
ments can also accelerate technology development and advance 
emission-reduction efforts (Watson, Newman, Upton, and Hackmann 
2005). By contrast, emissions trading may undermine incentives for 
technology development because of uncertainty about future carbon 
prices and the potential for prices to be inconsistent over time (OECD 
2008).

On the other hand, the viability of sectoral approaches has also been 
questioned, for reasons that are summarized below (e.g., Watson, 
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Newman, Upton, and Hackmann 2005; Philibert 2005b; Berk, den 
Elzen, and Gupta 2005; Baron 2006; Baron, Reinaud, Genasci, and 
Philibert 2007; Bradley 2007; Egenhofer and Fujiwara 2008).

A sectoral approach faces barriers in providing an international 
framework to replace the Kyoto Protocol
A sectoral approach requires information exchange and sector-specifi c 
negotiations and thus entails immense transaction costs. Negotiators 
in the UNFCCC process are reluctant to accept new approaches. Also, 
countries that have already introduced robust policies, such as the 
EU Emission Trading Scheme (EU ETS), will try to avoid approaches 
that risk introducing uncertainties into their domestic programs. 
Furthermore, a sectoral approach may create openings for countries 
to slip onto the negotiation table other competitiveness issues that 
concern their domestic industries, but bear no direct relevance to 
carbon restrictions, thus complicating negotiations.

Bradley, Baumert, Childs, Herzog, and Pershing (2007) describe 
several options for designing a fi nal agreement based on sectoral 
approaches, including the “Sector-Only” model, the “Addition” 
model, the “Complementary” model, the “Carve-Out” model, and 
the “Integration” model. But these authors also conclude that it is in 
reality “diffi cult to envision” a multinational agreement based only on 
sectoral approaches, because this would involve a sizeable number of 
independent agreements and thus entail complex negotiations.

Furthermore, Kulovesi and Keinanen (2006) contend that, from the 
perspective of international law, implementing agreements concluded 
by representatives of industry sectors or between states and industry 
sectors will call for a new legal framework that is unprecedented 
except at the regional level.

A sectoral approach reduces cost-effectiveness
Because they cover all sectors, economy-wide approaches to achieving 
emissions targets can exploit abatement opportunities with minimum 
costs and thus are generally regarded as the ideal option in terms 
of cost-effectiveness. On the other hand, a sectoral approach forces 
reductions upon specifi c sectors and will thus be less cost-effective 
unless a mechanism to reduce marginal abatement costs, such as an 
emissions-trading scheme, is implemented. Marginal reduction costs 
may end up not being equalized across sectors, in which case a sectoral 



approach would contribute to protecting a particular industry sector. 
The importance of cost-effectiveness was noted in the Bali Action Plan 
and measures to address this issue will need to be contrived if a secto-
ral approach is pursued.

A sectoral approach will not be effective from an environmental 
standpoint
A sectoral agreement only provides for emissions reductions in spe-
cifi c sectors, assuming they succeed in achieving target agreements, 
and does not necessarily induce mitigation actions from other sectors. 
By comparison, an agreement based on economy-wide targets will 
involve all sectors.

In addition, many proposals for a sectoral approach envisage inten-
sity targets. Because they allow emissions to grow with increased 
output, intensity targets may be inferior to absolute targets in terms of 
reducing GHG emissions.

In addition, when a low-carbon product is exposed to inter-sectoral 
competition, sectoral agreements and differences in the stringency or 
form of government regulations used to enforce them may alter com-
petitiveness conditions and thereby risk driving low-carbon products 
out of the market in favor of more carbon-intensive alternatives that 
are produced by sectors not subject to climate-based agreements and 
regulations.

A sectoral approach entails government intervention
A sectoral approach is likely to increase opportunities for government 
intervention in two respects. First, given the prevailing asymmetry of 
information between the private and public sectors, the government 
may need new authority to collect data from fi rms about technology, 
production forecasts, and emission-reduction costs in order to set 
sectoral targets that will achieve substantial environmental results. 
In that case, government intervention in corporate activities will be 
aggrandized. Second, as long as the current international law regime 
prevails and only governments and intergovernmental organizations 
are eligible to become parties to international agreements, govern-
ments would need to pledge compliance in order for a consensus 
reached within a particular sector to gain legal status under interna-
tional law. Governments would then need to take domestic action to 
legally bind the relevant industries within their borders.

Sectoral approaches 207
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A sectoral approach faces challenges in data collection
Several major data-related issues have been identifi ed in connection 
with implementing a sectoral approach (Baron, Reinaud, Genasci, and 
Philibert 2007; Bradley 2007; Egenhofer and Fujiwara 2008):

In developing countries especially, a lack of reliable data and • 
limited monitoring capacity reduce the potential effi cacy of sectoral 
approaches.
No agreement has yet been reached concerning standard boundaries • 
for defi ning sectors.
The data needed for benchmarking could be confi dential corporate • 
information, in which case data collection would be complicated.
Verifi cation should be performed by a third party to assure trans-• 
parency and reliability; this in turn may call for new institutional 
capacities.
How should data marked by high uncertainty—such as data con-• 
cerning prospects for future technologies and production forecasts 
where this information is required for baseline setting—be acquired 
and managed?

A sectoral approach faces challenges with antitrust laws
Successful sectoral approaches will encompass the majority of com-
panies belonging to a particular sector and thus cover the greater part 
of that sector’s total production volume. The mutual exchange of 
information on production, technology, and costs could constitute a 
violation of antitrust laws (Egenhofer and Fujiwara 2008).

Based on the aforementioned studies, the shared view of sectoral 
approaches within the academic community at present can be outlined 
as follows:

A sectoral approach may potentially play a signifi cant role in over-1. 
coming challenges that are intractable within the current Kyoto 
framework, such as involving developing countries in mitigation 
actions and using technology assessments of emission-reduction 
potential as a basis for diplomatic negotiations, which would make 
politically acceptable national targets for individual countries 
easier to set. In order to realize these potential advantages of a 
sectoral approach, however, proper incentive policies (in terms of 
fi nancial and technology transfer) should be designed to promote 
developing-country participation, and data problems, like setting 
common benchmarks, should be solved.



Given remaining questions regarding their cost and environmental 2. 
effectiveness, it is not yet clear that sectoral approaches are supe-
rior to the existing Kyoto-type framework, in which a top-down 
approach to target setting for individual countries is coupled with 
fl exibility mechanisms.
Furthermore, taking into account data collection issues and the 3. 
need for numerous sector-specifi c negotiations, reaching agree-
ment on a sectoral approach will be substantially painstaking. 
Therefore, sectoral approaches can only be complementary or 
additional to the Kyoto Protocol; they are not suffi ciently cost-
effective to replace the Protocol as the international framework 
for global warming measures that require agreement in a limited 
amount of time.

Practical application of sectoral approaches

Just as progress has been made in the theoretical analysis of sec-
toral approaches, efforts by the International Aluminium Institute 
(IAI), the Cement Sustainability Initiative/World Business Council 
for Sustainable Development (CSI), the International Iron and Steel 
Institute (IISI), and the Asia-Pacifi c Partnership on Clean Development 
and Climate (APP) provide opportunities to observe how sectoral 
approaches may be applied. To give an example, the APP’s accom-
plishments to date are summarized below.2

The APP is an initiative for regional cooperation launched in July 
2005 at the behest of the United States. Its membership comprises 
seven countries, namely, the United States, Australia, South Korea, 
China, India, Japan, and Canada. The purpose of the APP is to pursue 
the development, deployment, and transfer of clean and effective 
energy technologies in particular.

Given that the seven APP countries collectively account for more 
than half of the world’s economic output, energy consumption, and 
GHG emissions, the Partnership’s work promises to lead to  substantial 
progress in climate change measures.3 APP task forces have been 

2 For efforts in the IAI, CSI, and IISI, refer to Egenhofer and Fujiwara (2008) 
main text and appendix.

3 According to one of the Asia Pacifi c Partnership studies,“. . . modeling indicates 
that accelerated adoption of world–best practice for thermal power generation 
alone would reduce global emissions by 1.5 percent by 2010 . . .” Available at: 
asiapacifi cpartnership.org/PowerGeneration-TransmissionTF.aspx.
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established for eight sectors to identify and implement technologies 
and fl agship projects that are strategically important in the climate 
change arena and that promote effi cient energy use and the sharing of 
technological information and best practices.

The APP’s task forces on power generation and transmission, 
steel, and cement, in particular, have made the most progress in 
practically applying a sectoral approach. In the Power Generation 
and Transmission Task Force, ineffi cient power plants have received 
peer-review visits, followed by workshops and on-site guidance on 
operational improvements so that best practices can be shared and 
actual emissions reductions be implemented. The Steel Task Force has 
developed a handbook on state-of-the-art clean technologies for that 
industry and is engaged in establishing a common methodology for 
calculating GHG–reduction potential and performance indicators.

The Partnership’s joint work to date has fostered a common aware-
ness that there is great emissions reduction potential in China and 
India. Furthermore, direct corporate participation has facilitated the 
identifi cation of energy- and environment-related investment barri-
ers, including barriers related to intellectual property rights and tax 
systems in developing countries that governments could eliminate to 
improve the investment and business environment for effective and 
continued technology transfer. The accumulation of successful under-
takings by the APP provides developing countries with a model for 
pursuing sustainable development through cooperation with devel-
oped countries and promises the smoother involvement of developing 
countries in a post-Kyoto framework.

The case for a policy-based sectoral approach

A post-Kyoto framework based on a sectoral approach

There are many advocates for a post-Kyoto framework based on the 
global linkage of emissions-trading schemes on grounds that these 
schemes provide an effective means to achieve given reduction targets 
at minimal cost (notwithstanding the fact that this cost-effectiveness 
advantage is not fully realized because of the Protocol’s so-called sup-
plementarity principle4). However, more attention should be directed 
to the process for deciding emission targets themselves.

4 Because “any such trading shall be supplemental to domestic action for the 



Sectoral approaches may have no advantage over emissions- 
trading schemes and environmental taxes from the standpoint of 
providing the most cost-effective means to achieve a given target. 
However, they should be evaluated in terms of their effectiveness 
as an approach for allocating reduction targets among countries in 
a way that minimizes the generation of hot air—that is, setting an 
emissions target that is likely to exceed actual emissions even if no 
abatement actions are undertaken. This aspect of sectoral approaches 
has been correctly recognized in the European Union, where sectoral 
approaches are being considered for benchmarking—that is, as an 
effective method for allocating allowances among the actors in the 
EU ETS. By enabling the allocation of allowances with minimized 
risks of hot air, sectoral approaches promise to increase the stabil-
ity of both domestic and international emissions-trading markets 
already in place.

A second reason why sectoral approaches should play a role in the 
negotiation of a post-Kyoto framework is that they could provide 
a contingency framework for tentative agreement to prevent delays 
in implementing global warming countermeasures. If sectoral agree-
ments can be reached when countries fail to agree on Kyoto-type, 
economy-wide national targets, some continued progress in mitigation 
actions can still be expected.

Policy-based sectoral approach

This section proposes a framework that employs sectoral approaches 
in national target setting and involves international commitments by 
governments to implement policies to achieve those targets. In the 
discussion that follows, this idea is termed the “policy-based sectoral 
approach.” The commitment period under this sectoral approach 
should be long enough, say ten years, to allow governments and 
industries the time required for investments in long-term technology 
research and development.

purpose of meeting quantifi ed emission limitation and reduction commit-
ments” (Article 17, Kyoto Protocol), countries with stringent emission targets 
(in the sense that marginal reduction costs for the country as a whole exceed 
the world market price for carbon) are not permitted the full use of fl exibility 
mechanisms and thus reductions in those countries cannot be achieved with 
minimal costs.
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Basic structure of a policy-based sectoral approach
Sectors would be divided into three groups according to their features 
and sectoral negotiations would be held within each group. This 
would allow for negotiations to be conducted by experts who are 
more familiar with sector-specifi c concepts, circumstances, and tech-
nologies, than would be the case in a single negotiation for agreements 
across all sectors.

The fi rst group of sectors would comprise energy-intensive industries 
that are exposed to trade and leakage issues (hereafter Group I). The 
second group would include sectors that are basically domestic, such 
as electricity generation and road transport and for which benchmarks 
(generation effi ciency, vehicle fuel effi ciency, etc.) and best practices 
can be relatively easily identifi ed, but which are also susceptible to 
resource availability, geographic, and natural factors and domestic 
policies and measures (e.g., rate of deployment of renewable energy 
technology, traffi c measures, etc.) and thus need to be unilaterally 
adjusted with government policies and measures (hereafter Group II). 
The third group (hereafter Group III) would be composed mainly of 
the household and commercial sectors, or sectors that encompass a 
wide range of technologies, thus complicating the ability to set and 
compare indicators at the international level, though it is worth noting 
that energy effi ciency comparisons are possible for some products like 
household appliances.

In all groups of sectors, it would be preferable to have technical 
experts from industrial and academic circles participate to provide 
insights on issues like benchmarking and calculating effi ciency indica-
tors and to promote negotiations. Through this process, the genera-
tion of hot air can be avoided to the maximum extent.

As indicated by Table 7.1, each group of sectors would negotiate 
numerical targets and government policies and measures to achieve 
them. The conclusions reached through this process would be com-
piled into a policy template, which will constitute the new Protocol. 
Governments would pledge to implement agreed policies and meas-
ures and achieve numerical targets. Legally binding numerical targets 
refer to numerical targets for industries exposed to international 
competition in Group I and national reduction targets. In Annex I 
countries, policies and measures would be limited to legal regula-
tions, government budgets and tax systems, and other measures that 
involve resource allocation for the primary objective of reducing GHG 



P
ro

je
ct

ed
am

ou
nt

 o
f

G
H

G
re

du
ct

io
ns

T
ar

ge
t &

pr
oj

ec
te

d
re

du
ct

io
ns

P
ol

ic
ie

s 
&

m
ea

su
re

s

T
ar

ge
t &

pr
oj

ec
te

d
re

du
ct

io
ns

P
ol

ic
ie

s 
&

m
ea

su
re

s

T
ar

ge
t &

pr
oj

ec
te

d
re

du
ct

io
ns

P
ol

ic
ie

s 
&

m
ea

su
re

s

T
ar

ge
t &

pr
oj

ec
te

d
re

du
ct

io
ns

P
ol

ic
ie

s 
&

m
ea

su
re

s

T
ar

ge
t &

pr
oj

ec
te

d
re

du
ct

io
ns

P
ol

ic
ie

s 
&

m
ea

su
re

s

U
S

Ja
pa

n
E

U
U

K
G

er
m

an
y

F
ra

nc
e

• 
  •

   
• 

• 
  •

   
• 

C
hi

na
 

B
ra

zi
l

In
di

a

R
ef

er
en

ce
va

lu
e 

fo
r 

re
du

ct
io

n
po

te
nt

ia
l

de
riv

ed
fr

om
M

et
ho

d 
1

or
 2

P
ro

je
ct

ed
am

ou
nt

of
 g

lo
ba

l 
re

du
ct

io
ns

E
ne

rg
y-

in
te

ns
iv

e 
in

du
st

rie
s

E
le

ct
ric

ity
R

oa
d 

tr
an

sp
or

t
H

ou
se

ho
ld

/
C

om
m

er
ci

al

no
n-

bi
nd

in
g

no
n-

bi
nd

in
g

no
n-

bi
nd

in
g

A
nn

ex
1

no
n-

A
nn

ex
1

bi
nd

in
g

bi
nd

in
g

bi
nd

in
g 

or
no

nb
in

di
ng

bi
nd

in
g 

or
no

nb
in

di
ng

bi
nd

in
g 

or
no

nb
in

di
ng

Ir
on

 a
nd

 s
te

el
C

em
en

t

bi
nd

in
g

T
ab

le
 7

.1
 P

ol
ic

y 
te

m
pl

at
e 

to
 b

e 
ne

go
ti

at
ed



214 Akihiro Sawa

 emissions. Nonlegal measures, like national campaigns for mitiga-
tion that are not supported by government funding, would not be 
included.

In the case of non-Annex I countries, both numerical targets for 
Group I and national reduction targets may become nonbinding as a 
result of negotiations. Furthermore, policies and measures in develop-
ing countries would not be limited to those with the primary objective 
of reducing GHG emissions but may be expanded to include a wider 
range of policies and measures that serve to reduce GHG emissions as 
a co-benefi t.

National reduction targets would not be represented by national 
emission caps for a particular point in time, rather they would refl ect 
total reductions projected for a certain period of time as a result of 
implementing policies and measures. This is to avoid the inequities 
introduced by choosing a particular base year5 and refl ects the fact 
that it would be close to impossible to guarantee compliance with 
a specifi c emissions cap for a certain point in time unless economic 
changes can be precisely forecasted. Carbon dioxide (CO2) emissions 
are naturally susceptible to fl uctuations in the economy-wide volume 
of activity, especially over short time horizons in which technological 
structures do not change. By constructing targets as total reductions, a 
higher level of certainty about the effi cacy of reduction efforts can be 
expected (Baumert and Goldberg 2006).

Countries would be able to stay in compliance with binding pledges 
to national emissions reductions by purchasing emissions allowances or 
credits, but policymakers should recognize that leaving room for such 
options could delay national progress toward a low-carbon society. 
Therefore, it may be desirable to incorporate limits on the use of these 
mechanisms to meet reduction goals; on the other hand, limiting the 
use of such fl exibility mechanisms would also tend to increase abate-
ment costs and reduce the overall cost-effectiveness of the policy.

There are three reasons to include policies and measures in future 
international climate negotiations: (1) to address the oft-noted dis-
advantage of sectoral approaches with respect to providing a clear 

5 The issue of what year should be set as the base year was offi cially raised in the 
UNFCCC negotiation recently by the Government of Japan, which believes that 
setting 1990 as the base year is too advantageous to the EU where extensive 
fuel switching from coal to natural gas occurred before the Kyoto Protocol took 
effect for reasons that had nothing to do with GHG mitigation efforts.



explanation of what role governments will play in ensuring compli-
ance with multinational sectoral agreements, which in turn creates 
the need for governments to identify and pledge internationally to 
undertake certain domestic measures; (2) to encourage broader par-
ticipation by making it more widely known to the international com-
munity that developing countries are also engaged in global warming 
countermeasures, as well as by providing support for policies and 
measures to which developing countries are committed (Lewis and 
Diringer 2007); and (3) to develop a built-in mechanism for promot-
ing compliance and to encourage information sharing on effective and 
effi cient policies and measures and policy best practices by applying 
the regular UNFCCC review process to relevant national policies and 
measures.

As envisaged for this proposal, participants in these negotiations 
would include not all countries but only major emitting countries. If, 
as a result of incentive measures for developing countries described 
elsewhere in this chapter, other countries wish to join, they can be wel-
comed as well. Countries that are not engaged in the policy template 
would be treated as non–Annex I countries under the Kyoto Protocol.

On the other hand, if a non–Annex I country decides to partici-
pate, different parameters consistent with the principle of “common 
but differentiated responsibilities and respective capabilities” may be 
applied with respect to the timing and extent of policies and measures. 
Furthermore, if negotiations conclude that further differentiation 
between Annex I and non–Annex I countries is required, then sectoral 
reduction targets for Group I industries exposed to international com-
petition in developing countries may be determined to be nonbinding 
(see BASIC 2006).

Deriving reference values for the negotiation of reduction targets
Reduction potentials calculated by international organizations and 
research institutions should be inserted in the fi nal row of the policy 
template to provide an idea of the reference level of numerical targets 
to be sought in negotiations. Then, the sum of national reduction 
targets provided in the right-most column of the fi nal row can be 
compared with whatever mid- to long-term overall target has been 
agreed in prior negotiations. In the event that aggregated sectoral 
targets fall short, the distribution of the remaining reduction burden 
would be subject to further negotiation. If coupled with a Kyoto-type, 
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top-down approach from the beginning, repetitious negotiations may 
be avoided, but it must be noted that Kyoto-type negotiations always 
run the risk of generating hot air as mentioned above.

Reference numerical targets would generally be derived by using 
a bottom-up approach and/or by using model simulation. Method 1 
calculates projected reductions for each sector assuming that best 
available technologies (BAT) and best practices (BP) are deployed. 
Method 2 calculates projected sectoral reductions in each country 
for the given common level of marginal abatement cost based on eco-
nomic models with consideration for existing and future technologies. 
Sectoral numerical targets would be negotiated with reference to the 
values derived using these two methods.

An example of reference values determined using Method 1 is pro-
vided in Figure 7.1 which shows carbon intensity in the iron and steel 
industry (Okazaki 2008). As technology improves, the carbon inten-
sity achieved by “top-runner” or industry-leading fi rms will change. 
As a result, reduction potentials and benchmarking will need to be 
periodically reviewed—at fi ve-year intervals, for example.

Although Method 1 needs to be improved so that it incorporates 
other factors (such as regional differences in the accessibility and use 
of energy sources and materials and raw data on CO2 or energy inten-

-

Worst
Performer
Group

Identifying
reduction
potential 

Intensity in CO2 emissions (t-CO2/t-steel)

Best Performer Group
Steelworks in the world

Target:Global “top runner”

Figure 7.1. Method 1: Global Top-Runner 



sities at individual plants), it can provide a tentative marker for where 
subsequent negotiations should be headed.

An example of Method 2 is shown in Table 7.2 which employs 
research results generated by the Systems Analysis Group of the 
Research Institute of Innovative Technology for the Earth (RITE)6.

This study assumes that marginal reduction costs will be homog-
enized across countries and sectors to generate estimates of reduction 
potential based on the energy or carbon intensities that are achievable 
using the latest technology, equipment, and products. The timing 
assumed for making capital investments in new technology should 
take into consideration the vintage of the existing stock.

Using this research method, it should be possible to calculate specifi c 
energy or carbon intensity values for each country and sector for any 
given year up to 2050. By way of example, Table 7.2 presents calcula-
tions for the United States in 2020. The study divides the world into 
fi fty-three countries and regions and data are compiled accordingly.

Each cell provides a quantitative indication of what each country 
can do, to what extent, and in which sectors, to introduce the kind of 
technology and equipment needed to meet the requirement of equal-
izing marginal reduction costs. In general terms, accelerated rates of 
improvement should be achievable for countries and sectors that are 
currently marked by low energy effi ciency and can make signifi cant 
improvements at a relatively limited cost. Method 2 can provide 
important reference values not only for Group I negotiations but also 
for negotiations in other sectors.

Measures to ensure compliance

Measures to ensure compliance and deter noncompliance need to be 
considered in two dimensions: namely, failure to achieve numerical 
targets and failure to implement policies and measures.

As in the current Kyoto Protocol, a new Protocol should stipulate 
that if a party is in noncompliance with national emission targets, 
it must compensate for excess emissions by purchasing credits from 

6 The model employed for the analysis was based on work undertaken for the 
Assessment of Mitigation Frameworks after 2013 (Beyond 2010), a project 
commissioned by the New Energy and Industrial Technology Development 
Organization (NEDO). See the appendix of Sawa 2008 for the details of the 
model assumptions.
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other countries within the adjustment period that succeeds each com-
mitment period. This provision would not apply to a non–Annex 
I country in cases where that country’s national emissions target is 
determined to be nonbinding. To provide incentives for the implemen-
tation of policies and measures, emissions in excess of the target may 
be discounted in the event that sectoral policies and measures pledged 
in the policy template have been fully implemented, as judged from 
reports of the regular UNFCCC review process.

When a binding target is not achieved in Group I, emission permits 
must be purchased to cover emissions in excess of the target whether 
or not the country is in compliance with its national reductions target. 
Therefore, if a country has also failed to achieve its national reduc-
tions target, it would have to purchase twice the permits equivalent 
to its emissions in noncompliance with the Group I binding target. If 
not economically rational, this “double-binding” rule will ensure that 
the international agreements negotiated with respect to the politically 
sensitive Group I sources are implemented. After an adjustment period 
to allow countries to purchase emission permits, countries still in non-
compliance would be required to accomplish additional reductions 
based on a certain penalty rate combined with its national reductions 
target for the subsequent commitment period.

To address noncompliance with respect to the implementation of 
policies and measures by an Annex I country, the new Protocol should 
establish a panel under the auspices of the UNFCCC so that legal pro-
cedures can be taken against the government(s) in question, or it should 
incorporate the provisions on dispute settlement articulated in Article 14 
of the UNFCCC. In the latter case, considering the global characteris-
tics of the climate issue, confl icts are unlikely to be bilateral—therefore, 
the following options can be conceived: (1) establish a new “objection 
system” where any country that believes another country is in violation 
of the new Protocol can make a submission to the legal panel described 
previously; or (2) create a totally new “dispute settlement scheme” that 
takes into account the global nature of the issue.

In the event that a non–Annex I country is in noncompliance, on the 
other hand, that country should not be exposed to penalty-oriented 
procedures; rather, new procedures should be developed to encourage 
compliance and maximize the contribution from non–Annex I coun-
tries based on assistance from developed countries in capacity building 
and the exchange of information about best practices.
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How to proceed with sectoral negotiations

Group I
As described above, many institutions have begun to compile extensive 
data regarding Group I, and benchmarking methods for these indus-
tries are also increasingly being standardized. Thus, it is relatively easy 
for this sector to enter into negotiations. Data collection has often 
been raised as a challenge for implementing sectoral approaches, but 
the agreement reached at the Group of Eight Summit of the Leaders 
of the Main Industrialized Countries held in Toyako in July 2008 to 
exchange information on mitigation opportunities and sectoral effi -
ciency has paved the way for addressing this issue. In the industrial 
and power generation sectors, the APP is engaged in identifying high- 
effi ciency technologies, examining technology diffusion rates, and 
calculating emission-reduction potential. In the iron and steel, cement, 
and aluminum sectors, international industrial groups have been 
working with data on energy-effi ciency indicators and best available 
technology (BAT) and best practices (BP). The World Business Council 
for Sustainable Development (WBCSD) has launched a standardized 
GHG protocol. The International Energy Agency (IEA) has estimated 
sectoral reduction potentials for the iron and steel, cement, power 
generation, and petrochemical/chemical industries. Negotiations can 
indeed be promptly initiated in Group I by employing these and other 
fi ndings and analyses that are already available.

Existing data and methodologies can serve as a basis for developing 
the next generation of internationally standardized boundary-setting 
methodologies, emissions-calculation procedures, and performance 
indicators. Cooperation from institutions that establish international 
standards, such as the International Organization for Standardization 
(ISO) and International Electrotechnical Commission (IEC), will become 
essential. If these types of organizations can assume the role of certify-
ing sectoral agreements, then the complex technical issues involved in 
negotiating sectoral approaches can be signifi cantly simplifi ed.

In developing numerical targets for Group I, negotiators would 
need to debate between intensity targets—either energy intensity or 
 CO2-emissions intensity—or targets based on absolute quantity reduc-
tions (tons). The two indicators represent different forms of commit-
ment, and thus discussions over which is the more stringent in general 
terms are irrelevant. Which form should be adopted depends in part on 



what level of uncertainty regarding future production is acceptable. In 
times of stagnant economic activity, intensity-based regulations could 
be more environmentally effective (Ellerman and Wing 2003; Kolstad 
2005; Herzog, Baumert, and Pershing 2006; Jotzo and Pezzey 2005). 
Another approach that may be feasible, depending on industrial circum-
stances, is to negotiate targets for the minimum effi ciency of equipment 
to be installed after a given year, the ratio of existing facilities that have 
to install state-of-the-art technologies and equipment for effi ciency 
improvements, and the energy effi ciency of products and product 
standards. Whatever type of target is adopted, however, total emissions 
reductions must be calculated and provided in the policy template.

In the event that international consensus is reached on numerical 
targets for a certain industrial sector, domestic measures imple-
mented by each government to ensure compliance by the relevant 
fi rms and facilities will constitute Group I policies and measures. 
EU countries may formulate such policies and measures in the form 
of participation in an emissions-trading scheme (presumably the EU 
ETS), whereas Japan and China may opt to enact laws setting tech-
nology standards that would improve energy intensities of manufac-
turing processes and/or enter into formal agreements with domestic 
industries. An internationally-shared understanding that policies and 
measures can be diversifi ed to suit national circumstances should 
be maintained for some time in order for agreement on an initial, 
policy-based sectoral framework to be reached without delay. With 
mutual learning about the effi cacy of various climate policies and 
measures over time, however, participating countries would be 
expected to accelerate their efforts toward an internationally coor-
dinated or harmonized framework, such as a system of international 
linkages among emissions-trading schemes.

Group II
The most effective option for reducing GHG emissions from power 
generation (besides reducing end-use power consumption) is to shift 
the power mix to low-carbon resources. Target-setting negotiations 
for this group, however, would have to refl ect national circumstances, 
given the disparities that exist in domestic resource availability, energy 
security policies, and equipment vintage. As many countries have 
recently adopted targets for introducing renewable energy, these com-
mitments should be refl ected in numerical targets.
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Compared with Group I, however, it is much more diffi cult to 
 designate targets in terms of CO2 intensity in Group II because the 
targets will affect the power mix as a whole. Nevertheless, the power 
sector accounted for 41 percent of total global energy-derived CO2 
emissions in 2005, and therefore effi ciency improvements in the power 
sector—especially improvements in thermal power plants that combust 
fossil fuels—have signifi cant potential to reduce GHG emissions. The 
reduction potential associated with effi ciency improvements in coal-
fi red power plants alone has been estimated to range from 1.4Gt-CO2 
to 2.0Gt-CO2 (IEA 2008). Thus, the most appropriate commitment 
to numerical targets would be to increase the average conversion 
effi ciency of coal-fi red power plants—which in 2005 ranged from 33 
percent in China to 42 percent in Japan (IEA 2008a)—to the highest 
viable level.

Since transferring technology and know-how from private companies 
in developed countries, extending information on best practices, and 
providing on-site diagnosis and guidance would hold the key to such 
performance, fi nancial support for such activities by private companies 
should be a major option for government policies and measures.

Emissions from the road transport sector include those from 
automobile producers, automobile users, fuel producers, and gov-
ernments—thus target-setting negotiations for this sector must also 
engage each actor to fulfi ll their separate roles.

Emissions from the road transport sector can be calculated using the 
following equation:

CO2Emissions �  Emissions Intensity � Activity Volume
�  On-road Fuel Effi ciency � CO2 Emissions 

Coeffi cient � Total Distance Traveled
�  Certifi ed Fuel Effi ciency (km/l)-1 � Traveling 

Coeffi cient � CO2 Emissions Coeffi cient 
(gCO2/l) � Total Distance Traveled (vehicle-km)

Individual terms in this equation can be infl uenced by different 
actors. For example, automobile manufacturers can improve certi-
fi ed fuel effi ciency (km/l)�1, while government measures to relieve 
traffi c jams and eco-friendly changes in driver behavior can infl uence 
the traveling coeffi cient. Similarly, changes in the CO2 emissions 
 coeffi cient (gCO2/l), can be achieved by fuel producers and automobile 
manufacturers in response to government regulations while total dis-



tance traveled (vehicle-km) can be reduced through policies to encour-
age mode shifting (e.g., increased use of public transit) or by the users’ 
choice of transportation means.

Of these terms, benchmarks and technologies can be identifi ed for 
certifi ed fuel effi ciency (km/l)-1 and the CO2 emissions coeffi cient 
(gCO2/l)—thus, these are the factors that lend themselves to specifi c 
numerical targets in a policy template. Other indicators can constitute 
targets for policies and measures, if associated emissions reductions 
can be quantifi ed. Thus, in order for sectoral approaches to function 
in Group II, data collection and a standardized accounting methodol-
ogy will be essential (JAMA 2008).

Group III
Group III is closely related to lifestyles and working styles and basi-
cally with the level of development in domestic service industries. 
Therefore, it is questionable to what extent government policies and 
measures that may restrain individual freedom of choice can be jus-
tifi ed in this group. On the other hand, indicators of effi ciency for 
household appliances in domestic markets and policies and measures 
that address construction standards for houses and buildings can serve 
as numerical targets in Group III. In Japan, the household and com-
mercial sectors are bound by mandatory energy effi ciency regulations 
under the Law Concerning the Rationalization of Energy Use (Energy 
Saving Law). In developing countries as well, governments can imple-
ment tariff reductions and usage regulations to promote the diffusion 
of household appliances of the highest effi ciency in domestic markets; 
thus, such options can be considered as policies and measures to be 
pledged in a policy template.

Incentives to encourage developing country involvement and 
measures to ensure cost effectiveness

Sectoral crediting mechanism

To involve developing countries in sectoral approaches, they must 
be presented with fi nancial or technological incentives that are 
more attractive than those related to the conventional project-based 
Clean Development Mechanism (CDM). Without such incentives, 
 developing countries are more likely to devote their negotiation 
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resources to maintaining the Kyoto Protocol, and thus they will not be 
economically motivated to take part in sectoral approaches to begin 
with. A diversity of incentive options can be conceived; these options 
may vary among Groups I, II, and III.

If an industry belonging to Group I is subject to an agreed emis-
sions intensity target, credits can be granted for efforts to deviate 
from the baseline emissions intensity projected for that industry in a 
developing country. The advantage of this method is that wider cov-
erage is possible compared to project-based CDM. A major example 
of this mechanism involves pledging a “no lose” target of GHG 
intensity. Further intensity reductions below the target can then be 
recognized as credits (Schmidt and Helme 2005; Schmidt, Helme, 
Lee, and Houdashelt 2006). To implement this concept, however, a 
number of challenges must be resolved (Ellis and Baron 2005; Baron 
and Ellis 2006):

1) How can the policy avoid motivating developing countries to 
deliberately set moderate baseline intensity indicators or no-lose 
targets? Pledged targets would have to undergo expert third-party 
assessment, the quality of which could risk being undermined by data 
collection problems in developing countries. CDM/EB or ISO could 
assume the role of the third party. Baseline-setting methods need to be 
consistent with those in the conventional CDM program in terms of 
environmental rigor.

2) Should the mechanism address the retrofi tting of existing equip-
ment, should it be limited to the installation of new equipment, or 
should it include both? If existing equipment is included, the cost and 
institutional capacity needed to administer the mechanism will be 
greater.

3) When the credits generated are issued to governments instead of 
individual companies, as is the assumed case, there is the question of 
whether domestic incentives are designed to appropriately refl ect the 
efforts of individual companies. For example, if a portion of revenues 
is granted to ineffi cient companies—essentially as a subsidy to protect 
domestic industries—companies that have devoted much effort to 
improving their performance would be put at a competitive disadvan-
tage and effectively penalized. Competitive circumstances would be 
distorted from the viewpoint of developed countries as well. In that 
case, the original objective for adopting sectoral approaches would be 
undermined.



Would developing countries tolerate restricting conditions on the 
use of credit-based revenue? If negotiations conclude that numeri-
cal targets should be binding for developing countries as well and if 
companies in developing countries directly participate in international 
emissions trading, such problems will be eliminated.

Other alternatives for generating incentives are worthy of full consid-
eration. One approach known as the Dual Intensity Targets Mechanism 
(Samaniego and Figueres 2002) is centered on national emission intensi-
ties and gives each country dual intensity targets, namely a “compliance 
target,” a target which, if not achieved, will constitute formal noncompli-
ance, and a “selling target,” which—if successfully exceeded—can serve 
as the basis for awarding salable credits. A second idea is the Technology 
CDM, proposed by Fei Teng, Wenying Chen, and Jiankun He in another 
chapter of this book. This proposal puts emphasis on the transfer of new 
technologies rather than incumbent ones. Teng, et al. contend that com-
pared to the current project-based CDM, a Technology CDM would 
better meet developing countries’ need for access to low-carbon tech-
nologies that are not domestically available and relieve competitiveness 
concerns on the part of technology providers.

A third alternative is as follows: if the established numerical target 
is not represented by emission intensity but by a minimum effi ciency 
requirement for newly installed equipment, then incentive meas-
ures could include funds from international fi nancial institutions or 
preferential treatment in trade insurances and export credits to be 
granted in the event that new equipment surpasses these minimum 
effi ciency requirements. Also, if products manufactured at plants that 
meet minimum effi ciency standards could receive an internationally 
recognized label, measures to expand trade could also be considered 
to provide incentives for both climate change countermeasures and 
economic growth.

It should be noted, however, that as long as credits are issued to 
developing countries under the aforementioned sectoral crediting 
mechanism for policies and measures undertaken in Group I, Group I 
policies and measures—unlike those in Groups II and III—should not 
be given any further incentives.

In Group II as well, credits could be issued based on a sectoral cred-
iting mechanism for the entire power sector that rewards  emissions 
reductions generated by capital investments in the effi ciency of thermal 
power plants that go beyond minimum effi ciency  requirements. In 
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addition, given that projects to diagnose operations and maintenance 
performance at thermal power plants were among the most appreci-
ated of all APP activities in developing countries, support from devel-
oped country governments to continue such projects could constitute 
incentives for developing country participation. This type of incentive 
would increase practical opportunities for technology transfer and 
provide energy-security benefi ts.

In the road transport sector, automobiles with low-carbon tech-
nology can be widely deployed through the implementation of fuel-
effi ciency regulations in the domestic markets of developing countries. 
The wider recognition of demand side management (DSM)-type CDM 
projects could help accelerate such trends: DSM-type CDMs attach 
incentives such as cash-back rebates (partial refunds of sales price) to 
increase the market penetration of energy effi cient products relative 
to “BAU sales”; this in turn reduces power (energy) consumption and 
can be used to generate Certifi ed Emission Reductions (CERs). The 
same kind of approach can be applied to household appliances in 
Group III as well.7

More general incentives for policies and measures in Groups II and 
III can be provided through programmatic CDM under the current 
Kyoto Protocol. CDM/EB32 Annex 38 provides that, “A programme 
of activities (PoA) is a voluntary coordinated action by a private or 
public entity which coordinates and implements any policy/measure or 
stated goal (i.e. incentive schemes and voluntary programmes) which 
leads to anthropogenic GHG emission reductions or net anthropogenic 
greenhouse gas removals by sinks that are additional to any that would 
occur in the absence of the PoA.” Going through programmatic CDM 
can help mitigate the approval procedures or requirements developing 
countries face in seeking credit for participation in a policy template.

Finally, the defi nition for programmatic CDMs can be further 
relaxed to cover also general Sustainable Development Policies and 
Measures (SD-PAM). This would invite the wider participation of 
developing countries. However, in that case, a determination must 
be made about what kind of SD-PAMs should be included in a policy 
template. Decisions concerning the inclusion of policies and measures 

7 This method was put into practice in a project to promote the replacement of 
incandescent lamps with compact fl uorescent lamps (CFL) with Japan’s coop-
eration in China’s Shijiazhuang City in Heibei Province in 2005.



related to Groups II and III, such as traffi c measures and energy, 
industry, and urban policies, could pose problems. A government’s 
fi scal or regulatory actions including mandates, standards, or sectoral 
reforms—or other initiatives with formal status that can be  numerically 
represented and generate GHG reductions, direct or indirect—could 
generally be included whether or not their primary objective is emis-
sions mitigation. Defi nitions and boundaries of SD-PAM are already 
discussed in several studies. (Heller and Shukra 2002; Bradley and 
Baumert 2005; Ellis, Baron, and Buchner 2007).

Trade and investment related measures

One of the objectives of sectoral approaches is to mitigate interna-
tional competitiveness issues. Therefore, it is only natural that the 
introduction of trade measures as incentives for compliance with 
agreements based on sectoral negotiations, or as penalties against 
noncompliance, should be a subject of debate. Such measures 
have been explicitly included in legislative proposals, such as the 
Lieberman–Warner bill for a domestic emissions-trading system in 
the United States and the EU ETS reform plan that is currently under 
discussion.

The relationship between the World Trade Organization (WTO) and 
multinational environmental agreements (MEA) embraces many issues 
yet to be debated (Cosbey and Tarasofsky 2007). Acknowledging that 
further talks are needed among the WTO and international-climate-
agreement negotiators, a number of options for trade-based incentives 
can be contrived in support of sectoral approaches:

 i. Introduce trade restriction measures against imports from nonpar-
ties to sectoral agreements

 ii. Incorporate better treatment for imports from parties to sectoral 
agreements

 iii. Raise tariffs or collect credits for imported goods and services from 
relevant sectors or parties in noncompliance

 iv. Reduce tariffs or issue credits for imported goods and services from 
relevant sectors of compliant parties

 v. Impose a process tax—that is, a tax against underperforming 
manufacturing processes that fail to meet agreed benchmarks—as 
a border tax adjustment
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 vi. In the automobile and household appliance sectors, impose import 
restrictions and unfavorable treatment in government procurement 
for products that do not comply with labeling and technology 
standards agreed upon in sectoral negotiations.

Furthermore, industries and institutional investors could introduce 
common codes of conduct, such as those that have been developed 
for green procurement, to address transactions with companies from 
sectors in countries (not limited to developing countries) that are in 
noncompliance with numerical targets or are not implementing agreed 
policies and measures.

Measures to ensure cost-effectiveness

The issue of cost-effectiveness, often noted as a weak point of secto-
ral approaches, can be resolved to a certain point by establishing an 
intensity-based market for emissions trading. Because the proposal 
described in this chapter assumes that governments will legally ensure 
compliance with sectoral agreements, at least in Annex I countries, 
cross-border emissions-trading markets could be easily established 
within a single industrial sector where common measurement, report-
ing, and verifi cation methods have been stipulated and shared in the 
sectoral agreement (Philibert 2005a). In order to take full advantage 
of emissions trading, linkages with cross-sectoral transactions; with 
different emissions-trading markets, including markets that operate 
under absolute caps or reduction requirements; with the CDM that 
already exists under the Kyoto Protocol; and with the new crediting 
mechanism proposed here must be envisaged. Although domestic 
emissions-trading markets may or may not be arranged in countries 
other than the European Union, it would be necessary to conceive of 
the emergence of an international trading market to achieve sectoral 
agreements with minimal costs.

The general idea here is to establish both an absolute reductions-
based market and an intensity-based market, setting a gateway 
between the two markets to restrict the net fl ow of allowances from 
the latter into the former. This is necessary because participants in an 
intensity-based, emissions-trading market will otherwise increase pro-
duction to acquire more allowances, resulting in excess production and 
undermining economic effi ciency (De Muizon and Glachant 2004).



Conclusion

Challenges for a policy-based sectoral approach
to a post-Kyoto framework

The sections above have demonstrated that a post-Kyoto framework 
based on sectoral approaches can be designed to equitably allocate 
reduction efforts among developed countries and at the same time 
engage developing countries. However, in order to actually implement 
this idea, a number of challenges must be overcome in addition to the 
issues presented in Section 2.

1) Political challenges: As can be guessed from the policy template, 
negotiations for a post-Kyoto framework based on sectoral approaches 
involve procedures—including setting the forum for negotiations and 
incorporating UNFCCC negotiations—that are substantially more 
complex compared to Kyoto-type negotiations which substantively 
address only reduction targets for developed countries. By including 
policies and measures in negotiations, there would be a higher chance 
of achieving real GHG reductions compared to the compliance scheme 
under the Kyoto Protocol, which relies on legal commitments that 
allow for simply purchasing allowances instead of physically reducing 
emissions. However, the United States, in particular, could be disin-
clined to accept a framework in which options for domestic measures 
could also constitute binding international commitments (this would 
represent an important change from the Kyoto Protocol, which left 
domestic measures to be decided by each government). Such resist-
ance would be magnifi ed in request-and-offer-type negotiations; thus, 
to overcome resistance to the framework, governments may have to 
be given the freedom to select which policies and measures they will 
pledge.

2) Economic challenges: The sectoral approach proposes to facili-
tate participation for each country by expressing national targets in 
terms of total emissions reductions instead of an emissions cap or limit 
at a certain point in time. This has the advantage that it reduces the 
risk of countries not fulfi lling their commitments because of uncertain-
ties in economic growth. However, it may not be suffi cient to answer 
initial questions regarding the volume of emissions reductions to be 
assigned to each country.

Sectoral approaches aim to determine national reduction targets 
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using a bottom-up approach and thus can better refl ect national cir-
cumstances than top-down methods, which tend to decide questions of 
mid- and long-term targets and burden sharing in a diplomatic game 
among countries. However, efforts to distribute the burden equitably 
based on the principle of equalizing marginal abatement costs could 
be undermined by uncertainties in the parameters required to calculate 
those costs. Even estimates of marginal abatement cost developed at 
the national level by research institutions such as the Intergovernmental 
Panel on Climate Change (IPCC) vary widely. Therefore, top-down 
negotiations may be called for at the fi nal stage, after reduction poten-
tials have been assessed for each country and each sector.

Also, if sectoral crediting is to be incorporated as an incentive 
measure to involve developing countries, then the issue of determin-
ing the volume of credits to be issued and the coverage of policies and 
measures eligible for credits is inextricably linked to the decision about 
what constitutes an acceptable target for overall reductions among 
developed countries. An issue that further complicates matters is the 
scope of the market for credits. If credits become widely distributed, 
the marginal costs of emissions reduction can be fully equalized across 
different markets, thus achieving maximum economic effi ciency from 
emissions-trading schemes. However, allowance prices could decline, 
provoking a negative reaction from parties that look to emissions-
trading markets for promising fi nancial and business opportunities 
and from companies holding allowances as assets.

3) Technological challenges: One of the main objectives of sec-
toral approaches is to increase developing country involvement by 
promoting technology transfer. However, it is extremely diffi cult to 
mandate technology transfer to private companies. Therefore, tech-
nology transfer based on sectoral agreements must be accompanied 
by incentives that will drive companies to participate. These incentive 
measures should be included in the policies and measures identifi ed in 
policy templates, but may give rise to political concern about technol-
ogy transfer to future or present competitors in developing countries. 
This could be especially problematic for developed countries that 
regard their possession of state-of-the-art technologies as an impor-
tant element of their continued global competitiveness. In addition, if 
bilateral measures aimed at providing fi nancial support to developing 
countries are implemented as untied loans, then fi nancial leakage—the 
risk that a country could provide fi nancial aid but still lose a project 



funded with that aid to a company from another country—could also 
pose political problems. Furthermore, from an intellectual property 
perspective, industries in developed countries may apply pressure 
on their governments to formulate sectoral agreements that limit the 
scale and/or range of technology transfer. Yielding to such pressures 
will jeopardize the involvement of developing countries. Thus, there 
is a need to consider expanding the export insurance system to cover 
infringements of intellectual property rights in preparation for such 
obstacles.
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8 A portfolio system of climate treaties
Scott Barrett+*

Introduction

Climate change is so fundamental a challenge that it may be best ad-
dressed from a multiple of perspectives, using a multiple of approaches.

This is a radically different concept from the arrangement developed 
thus far. Under the Kyoto Protocol, emission reduction obligations 
apply to entire economies, not to individual sectors; reforestation 
(which sequesters and therefore removes carbon dioxide or CO2 from 
the atmosphere) is allowed to substitute for abatement (which reduces 
greenhouse gas [GHG] additions to the atmosphere, relative to “busi-
ness as usual”); the emissions of different countries can be traded; and 
increases in the emission of one gas can be offset by reductions in the 
emission of another. This approach has one great virtue: it promotes 
cost-effective abatement.

Unfortunately, this approach has also (so far, at least) failed to 
address the more important objective, which is to reduce GHG emis-
sions and ultimately to stabilize atmospheric concentrations. There 
may be different explanations for this. My diagnosis is that this failure 
is due to a lack of robust enforcement. So, why not add an enforcement 
capability? As I shall explain in this chapter, it may not be possible to 
enforce the current treaty design.1 If enforcement is important—and 
I shall argue here that it is essential—then a better strategy may be 
to break up the problem, treating different sources and types of gases 
separately. This strategy may succeed better at reducing emissions 
overall.

+ Lenfest-Earth Institute Professor of Natural Resource Economics, Columbia 
University School of International and Public Affairs.

* I am grateful to Joseph Aldy, Robert Stavins, and an anonymous referee for very 
helpful comments on earlier versions of this chapter.

1 For a discussion of the possible trade off between cost-effectiveness and enforce-
ment, see Barrett and Stavins (2003).
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Of course, in breaking things up, cost-effectiveness may be com-
promised—but this is why the different approaches need to be linked. 
We don’t simply need a number of agreements; we need a system of 
agreements.

The existing regime is, by design, linear. The United Nations 
Framework Convention on Climate Change (UNFCCC) establishes a 
collective, long-run goal and lasts indefi nitely (of course, this treaty, 
like all treaties, can always be revised or dissolved or replaced). The 
Kyoto Protocol, by contrast, establishes short-term, individual-coun-
try emission targets and lasts only through 2012. Kyoto was supposed 
to be succeeded by a series of follow-on agreements—one that estab-
lished individual country targets for 2013–2017; followed by another 
that established targets for 2018–2022; and so on ad infi nitum. The 
ultimate aim of this series of protocols was to meet the collective goal 
expressed in the Framework Convention: to ensure that concentra-
tions would be stabilized “at a level that would prevent dangerous 
anthropogenic interference with the climate system.”

There are a number of problems with this design. The short-
term nature of each protocol creates little incentive for countries 
to innovate and invest. Also, by not promoting R&D, Kyoto fails 
to generate the knowledge that will be needed to reduce emissions 
dramatically in the future. Investments in R&D and emissions reduc-
tions are complements. Not only are both needed; both need to be 
considered jointly.

A focus on emissions alone is also inappropriate because of climate 
change uncertainty. We don’t know the GHG concentration level that 
will prevent “dangerous interference.” We might guess wrong. We 
might guess right but, for the reasons already mentioned, be unable to 
use Kyoto to stop the world from exceeding the target concentration 
level. The objective of a climate change policy regime should be to 
reduce climate change risk.

Of course, limiting emissions will reduce risk, but there is more we 
can and should do. Perhaps most importantly, countries must be made 
less vulnerable to the climate change that is not or cannot be avoided 
by reducing emissions. One way to do this is by adapting to climate 
change. Many countries are capable of adapting on their own, but 
many are not, and those that are not must be helped. The Framework 
Convention and the Kyoto Protocol both acknowledge this need, but 
neither adequately addresses it.
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Another approach to reducing climate change risk is not even men-
tioned in these agreements. This is “geoengineering,” which involves 
the use of technologies for scattering solar radiation to counteract 
the effect of rising atmospheric GHG concentrations on the climate. 
Geoengineering has the potential to limit climate change risk, but its 
use will introduce new risks. We may therefore also want to reduce 
the risks associated with deploying geoengineering measures. One 
way to do this, of course, is to limit GHG concentrations so that geo-
engineering need never be attempted. However, it may not be possible 
to reduce the probability of abrupt and catastrophic climate change 
to zero. Another way to reduce risk is to develop the capability to 
reduce concentrations rapidly after geoengineering has been tried and 
found, possibly, to be wanting. We can potentially do this by means 
of another new technology: “air capture,” which involves removing 
GHGs from the atmosphere directly. Finally, many of the approaches 
to reducing emissions entail risks of their own—examples include 
long-term storage of nuclear waste and long-term sequestration of 
CO2 in underground geologic formations. The current regime does 
not provide a means for balancing these risks. To do that requires a 
portfolio of agreements.

These, then, are my three main conclusions: fi rst, that a different 
treaty design, comprising a system of agreements, could potentially 
achieve greater emission reductions overall than the current design; 
second, that these individual agreements must be coordinated to 
promote cost-effectiveness; and third, that this coordination must 
also manage overall risk, by developing a portfolio of approaches to 
climate change. In short, and as the title of this chapter indicates, my 
proposal is for a portfolio system of climate treaties. Subsequent sec-
tions of this chapter develop the analysis behind these conclusions.

Overview

I begin with a critical review of the Kyoto Protocol. It may be widely 
believed today that Kyoto is inadequate and that there is no need, 
therefore, for further critiques. However, even if there were wide-
spread agreement that Kyoto has failed, there may be many incompat-
ible explanations for why it has failed. If we misunderstand the reasons 
for Kyoto’s failure, we may end up repeating the same mistakes. In the 
next section of this chapter I argue that enforcement is the most essen-
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tial challenge for an international climate agreement and that Kyoto’s 
greatest fl aw is that it lacks effective enforcement.

I am not alone in making this diagnosis. The most popular suggested 
remedy is to leave the basic architecture of Kyoto unchanged and to 
incorporate trade restrictions as the primary means for enforcement 
in a post-2012 agreement. In a later section I explain why this remedy 
may not work—and why a different architecture may work better.

The problem, as I see it, is that a treaty’s architecture and its 
enforcement mechanism need to be co-determined. Not every desira-
ble outcome can be enforced internationally. Kyoto’s architecture may 
be commendable, provided enforcement can be assured. But if Kyoto’s 
architecture makes enforcement diffi cult, then we may be better off 
using a different architecture—even one that would be theoretically 
inferior in a world in which enforcement was assured.

This chapter begins to outline an alternative architecture for a 
post-2012 agreement. The focus here is on the logic of negotiating 
sector-specifi c agreements rather than a single, all-encompassing, 
economy-wide agreement. Later sections extend this argument to 
propose having different agreements for different gases and return to 
the earlier topic of trade restrictions. I explain here that while trade 
restrictions may fail to enforce economy-wide targets of the type 
prescribed by Kyoto, they may be effective in enforcing sector- and 
gas-specifi c agreements.

To reduce emissions dramatically, new technologies are needed; 
and, to develop these new technologies, increased spending on R&D 
is needed. In the second half of this chapter I explain how R&D agree-
ments should be structured, and how they ought to relate to other 
agreements within a broader system of agreements.

I then discuss other components of a portfolio system of agreements 
for limiting climate change risk, including adaptation, geoengineering, 
and air capture. The last section of the chapter concludes with some 
fi nal thoughts.

Kyoto’s enforcement challenge

The Framework Convention on Climate Change was negotiated 
years before Kyoto, but because it is linked to Kyoto, parties to the 
Convention have sought to defi ne its collective goal in terms that are 
compatible with Kyoto. At the G8 summit held in Hokkaido, Japan 
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in July 2008, the G8 members agreed that they would “share with 
all Parties to the UNFCCC the vision of, and together with them to 
 consider and adopt in the UNFCCC negotiations, the goal of achiev-
ing at least 50% reduction of global emissions by 2050 . . .”2

Climate negotiations have been going on for so long that history is 
beginning to repeat itself. In 1988, at a quasi-political conference held 
in Toronto, participants concluded that global CO2 emissions should 
be reduced 20 percent from the 1988 level by 2005. Through 2004, 
however, global emissions increased 32 percent.3 The UNFCCC’s 
framing of the challenge, thus, has not helped. Of course, from the 
perspective of the climate, only global emissions matter, and so there 
is a logic to expressing the collective goal in these terms. The problem 
is that this approach creates no incentives for countries to limit their 
emissions. It is easy to reach agreement on a collective goal. If every-
one is responsible for meeting it, no single country is responsible for 
meeting it. This is why the Kyoto Protocol was needed: its purpose 
was to establish individual country emission limits.

Setting a global emissions target only helps if a way can be found 
to disaggregate the overall target and to enforce country- or source-
specifi c emission limits. This is how Title IV of the US Clean Air Act 
Amendments of 1990 is designed. This law establishes a total cap 
on sulfur dioxide emissions for all large power plants in the United 
States (the initial cap was set to about 50 percent of the levels emitted 
in 1980).4 It then allocates this total to individual plants. Finally, it 
allows the operators of these plants to trade sulfur dioxide allowances. 
Trading creates an incentive for operators to meet the overall emis-
sions target at minimum cost.

Though the trading arrangement in this law inspired Kyoto’s design, 
other features of the US sulfur dioxide program are more important. 
Participation in Title IV is mandatory and non-compliance is penal-
ized severely. Indeed, the penalty for non-compliance is so severe that, 
in 2006, compliance was 100 percent.5 Title IV is successful because it 
is enforced centrally, by the US government.

2 www.mofa.go.jp/announce/speech/un2008/un0810-2.html.
3 See http://cdiac.ornl.gov/ftp/ndp030/global.1751_2005.ems.
4 For a summary of the acid rain program, see www.epa.gov/airmarkets/

progsregs/arp/index.html.
5 See www.epa.gov/airmarkets/progress/docs/2006-ARP-Report.pdf, p. 11.
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An international climate change treaty cannot be enforced in the 
same way. There is no world government—there are, instead, nearly 
200 governments, each accorded sovereign equality in international 
law. Under the rules of international law, states participate in a treaty 
(such as Kyoto) on a voluntary, not mandatory, basis. Customary law 
says that states must comply with their treaty obligations, but this 
does not create an incentive for compliance. It creates an incentive to 
negotiate obligations that countries will want to meet anyway, treaty 
or no treaty. If a treaty is to sustain international cooperation, it must 
create incentives for parties to comply. Of course, to be effective, it 
must also create incentives for states to participate.

Kyoto lacks both arrangements. It provides no incentive for par-
ticipation, which explains why the United States is a non-party. It 
also provides no incentive for compliance, which is why Canada—a 
party to the Protocol— has declared that it will emit much more than 
allowed by Kyoto.

The problem is not with these individual countries but with the 
design of the agreement. China is a party to the Kyoto Protocol and 
it will comply, but that is only because Kyoto does not require that 
China reduce its emissions. Russia is a party and it will also comply, 
but that is only because Russia’s Kyoto limits are so generous that 
they do not bite. Other parties, like Japan and New Zealand, face 
emission limits that do bite, but it is not yet clear whether these coun-
tries will ultimately comply. They could comply by purchasing surplus 
credits from countries like Russia, but then their compliance would 
not help to reduce global emissions. What would be the point? They 
could comply at some cost, but why should they do that when other 
countries (like the United States, Canada, China, and Russia) are 
not reducing their emissions? Compliance by some members of the 
European Union also appears challenging. Spain has the largest gap 
between actual emissions and its Kyoto limit of any country. Denmark 
is well off its individual target. However, thanks to the European 
“bubble” and substantial reductions by other EU member states (in 
part for reasons having nothing to do with their climate change poli-
cies), Spain and Denmark are not bound by their individual limits so 
long as the original fi fteen members of the European Union meet their 
collective limit. Australia recently ratifi ed the Kyoto Protocol, but 
because of the Protocol’s provisions for land use, land-use change, 
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and forestry (known to climate insiders as LULUCF), Australia is 
within its Kyoto limit and will have to do very little, if anything, to 
comply.6

One current strategy is to make Kyoto’s emission-reduction obliga-
tions more stringent, but if that is all that is changed, the effect will be 
the same. A means must also be found to enforce a new agreement.

Trade restrictions in a post-2012 agreement?

President Sarkozy of France has suggested that trade restrictions 
be considered for enforcing a new international climate agreement. 
Nobel-prize-winning economist Joseph Stiglitz (2006) has likewise 
recommended this approach. Should it be used?7

Trade restrictions can serve two purposes. They can be used to 
correct leakage. They can also be used to promote participation (that 
is, deter free riding).

For example, leakage can be addressed by “border tax adjustments.” 
Parties to a new treaty would agree to impose a tariff on imports from 
non-parties and give a rebate on exports to non-parties, where the 
tariff and rebate would equal the cost of meeting treaty obligations, 
as embodied in the price of traded goods. How would these values be 
determined? Calculating the emissions released in the manufacture of 
a particular good is diffi cult. Two identical products, manufactured 
in the same country, might have very different “carbon footprints” 
(depending, for example, on how the electricity used as an input to the 
manufacturing process was generated). Cruder calculations might be 
contemplated (and most policy proposals have simplifi ed the issue by 
focusing on the most trade-sensitive and energy-intensive sectors), but 
sector-specifi c taxes aimed at reducing leakage would also be hard to 
calculate.8 Moreover, as trade restrictions became cruder, they would 
be less effective at reducing leakage.9 Finally, crude border tax adjust-
ments could serve as a disguise for protectionist measures.

6 LULUCF is normally treated differently from emissions because of various 
accounting and incentive problems. For example, carbon accumulated in for-
estry may later be released.

7 See Jeffrey Frankel’s paper on this subject in the same series for the Harvard 
Project on International Climate Agreements. See also Houser et al. (2008).

8 For example, Hoel (1996) shows that there is no simple relationship between 
fossil-fuel intensity and the optimal sector-specifi c carbon tax.

9 See Oliveira-Martins et al. (1992).
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Trade restrictions intended to promote participation can be blunt. 
Indeed, ideally, they would not need to be imposed at all—the cred-
ible threat to impose them would suffi ce to make all countries want 
to participate. Better still, if trade restrictions impelled all countries to 
participate, not only would free riding be eliminated, but so too would 
leakage.

Unfortunately, blunt punishments cannot be relied upon to work 
this way. To make countries want to participate, trade restrictions 
would have to be severe. But the threat to impose them would also 
have to be credible. That is, participating countries would have to be 
better off imposing the punishment than not imposing it in a situa-
tion where participation is less than full. The reason this may not be 
credible is that trade restrictions harm the countries that impose them 
as well as those on the receiving end. Worse, punishments typically 
become less credible as they become more severe.10

The legitimacy of using trade restrictions to enforce an agreement 
may also be challenged. Who should decide what a particular country 
should be required to do? Who should decide the punishment that is 
appropriate should that country fail to fulfi ll this obligation? Suppose 
trade restrictions were to be imposed against the United States for 
not ratifying Kyoto. Might not the United States claim that Kyoto’s 
base year (1990) favored Europe, or that its own efforts to promote 
R&D were at least as helpful in addressing climate change? Suppose 
that China were to be the target of trade restrictions. Might not China 
argue that its economic development is the greater priority or that the 
rich countries are primarily responsible for the accumulation of GHGs 
to date? Trade restrictions that lack legitimacy may only spur retali-
ation—and lead to trade wars. Britain’s efforts to bring the topic of 
climate change up for debate at the United Nations Security Council 
in 2007 hints at the reactions that might follow the inclusion of trade 
punishments in a climate change treaty. Countries without permanent 
representation on the Security Council felt that the issue should have 
remained with the General Assembly, where every country has one 
vote. The meeting ended without even a statement, let alone a resolu-
tion. Were one group of countries to seek to impose a climate agree-
ment on others, backed by the threat of trade restrictions, an even 
stronger response would seem possible if not likely.

10 See Barrett (2005).
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To be effective, trade restrictions would need to enforce compliance 
as well as participation. Otherwise, countries could participate and 
then choose not to comply to avoid both the trade restrictions and the 
need to reduce emissions. Will parties to a future climate treaty agree 
to this? Would Kyoto’s current parties agree to trade restrictions as an 
enforcement mechanism when some of them are already at risk of not 
complying?

Finally, it cannot be assumed that every other aspect of a treaty 
would remain unaltered if trade restrictions were used for enforce-
ment. Countries might insist that their obligations be weakened as the 
price for accepting trade restrictions. If so, then the adoption of trade 
restrictions will not have achieved very much.

I want to conclude here by saying that the case for (or against) 
incorporating trade restrictions is far from obvious. We have seen 
what happens when there is no enforcement mechanism—global emis-
sions have kept on rising. But we haven’t seen what happens if trade 
restrictions are used for this purpose. It might be that they will improve 
matters. It might be that they will make no difference. Or it might be 
that they will make matters worse—failing to help the climate while at 
the same time depriving countries of some of the gains from trade.

Indeed, I shall argue later that trade restrictions may be more 
helpful in enforcing a different kind of agreement—one that focuses 
on limiting the emissions of individual sectors rather than of whole 
economies.

The logic of sectoral agreements

Earlier I explained that it makes scientifi c but not political sense to 
limit global emissions. It makes scientifi c sense because only global 
emissions matter for the climate. It does not make political sense 
because there is no world government able to enforce a global limit. 
Now I want to extend this argument to say that it may not make 
political sense to limit emissions at the national level either. This 
is because national, economy-wide limits are diffi cult for a state to 
enforce. It is easier for states to enforce limits on the emissions of 
individual sectors.

Consider how states have chosen to implement Kyoto. No country 
has a single, economy-wide policy for meeting its Kyoto obliga-
tions, even though those obligations apply to entire economies. The 
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European Union Emission Trading Scheme (EU ETS), for example, 
covers less than half of EU emissions.11 Sweden arguably has the most 
well developed climate change policy of any country, but its approach 
involves both “sector integration” (every sector plays a part towards 
meeting the overall goal) and “sector responsibility” (different sectors 
have different obligations). In other words, even Sweden’s economy-
wide policies differentiate by sector. Its carbon tax, for example, 
offers relief for energy-intensive industrial operations.12 The mismatch 
between the approaches taken to implement Kyoto and the way in 
which the Protocol’s obligations were expressed hints that a different 
design, focused on individual sectors, would work better.13

To be sure, it is feasible to limit an economy’s total emissions. 
Proposals in the United States for an upstream cap-and-trade program 
are economy-wide in their reach. However, other proposals in the 
United States target individual sectors (as was done in the previously 
mentioned Title IV program for sulfur dioxide emissions), and it is 
not obvious which type of proposal will eventually become law. A key 
issue is likely to be the possible vulnerability of trade-sensitive indus-
tries under an economy-wide cap. If fi rms that compete with US fi rms 
are based in countries that do not limit emissions, comparative advan-
tage my shift towards these countries, harming the “competitiveness” 
of US companies. This means that the emissions of these other coun-
tries may increase as a consequence of the United States restricting its 
own emissions—a phenomenon known as “leakage.” Concern about 
leakage is the reason that Sweden offers its energy-intensive industries 
relief from its carbon tax.

To be clear, an economy-wide policy would be cost-effective, but it 
would not be effi cient from the perspective of a country acting to limit 
emissions unilaterally—not if leakage were signifi cant.

Though Kyoto is an economy-wide agreement, it makes exceptions. 

11 It is worth noting that Title IV, discussed previously, is also a sectoral policy.
12 See Ministry of Sustainable Development (2005). The Swedish Report on 

Demonstrable Progress Under the Kyoto Protocol. Available at www.sweden.
gov.se/content/1/c6/05/47/62/24057533.pdf.

13 The American Clean Energy and Security Act of 2009, which was approved by 
the United States House of Representatives, contains an economy-wide, cap-
and-trade component, but also numerous sectoral policies, such as performance 
standards for new coal-fi red power plants, investment in an electric vehicle 
infrastructure, effi ciency standards for appliances, emission standards for auto-
mobiles, and so on.
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It excludes emissions from aviation and marine transport. One reason 
is that it isn’t obvious how the responsibility for lowering these emis-
sions should be allocated. Take the case of ocean shipping. Should the 
state where a ship refuels be responsible? Or should the responsible 
state be the one in which the operator is based, or the owner resides, 
or the ship is registered (these are often three different states)? Another 
reason for excluding aviation and marine transport is that, no matter 
how responsibility is assigned, restricting emissions at the country 
level creates an incentive for unwanted behavioral change—for ships 
to re-register with a non-party, for example. This is an extreme version 
of trade leakage.

Article 2.2 of the Kyoto Protocol says that emissions from avia-
tion and marine transport should be reduced, but through arrange-
ments made outside the Protocol, by the parties “working through 
the International Civil Aviation Organization and the International 
Maritime Organization, respectively.” So far, parties to both organi-
zations have failed to act, but the motivation for treating marine and 
aviation emissions outside of Kyoto remains compelling. These are 
international transportation systems. In systems it is imperative that 
different parts be compatible. The reason the above two organizations 
were formed in the fi rst place was to provide a forum for choosing 
global standards. (Under rules established by the International Civil 
Aviation Organization, for example, pilots fl ying internationally must 
speak either the local language or English, while controllers must be 
able to speak both languages. This rule ensures that pilots and con-
trollers can always communicate in the same language.) Both organi-
zations could play a role in choosing standards for reducing GHG 
emissions from their respective sectors.

For example, Farrell, Keith, and Corbett (2003) have suggested 
that marine transport may offer attractive opportunities for switching 
to hydrogen fuel. One reason for this is that ports are often located 
near refi nery operations, where hydrogen is already produced and 
where cargo vessels already refuel. Such network effects have already 
transformed other aspects of ocean shipping, such as standards for oil 
tankers, which initially required separate oil and ballast water tanks 
but later evolved to require double hulls (Barrett 2007a). Parties to the 
International Maritime Organisation could establish a new standard 
for hydrogen-powered container ships. This would require that ports 
make the fuel available and that individual governments ban ships 
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(above a certain size) that are not powered by hydrogen. As more 
countries impose this standard, the incentives for others to do likewise 
would increase.

Notice that marine transport can be made carbon neutral in this way 
(assuming that hydrogen production is carbon-free) without needing 
to agree on an allocation of property rights. Even more importantly, so 
long as the network effects are strong, the arrangement described above 
will be self-enforcing. We have some assurance that this arrangement 
can work in the marine shipping context because it has worked to limit 
damage to the oceans from deliberate and accidental releases of oil.

The same logic can apply to those parts of the economy that are 
included under Kyoto emission caps, such as road transport. The 
economics of hydrogen for automobile transportation are currently 
unattractive because of the need to change transportation infrastruc-
ture—especially the fuel distribution system, refuelling stations, and 
vehicles. Currently, electric vehicles seem to have the edge, especially 
as the plug-in hybrid could possibly act as a bridge to an all-electric 
future. Plug-in hybrids are similar to hybrids on the road now insofar 
as they run on electricity and gasoline. The difference is that plug-in 
hybrids have bigger batteries that can be recharged from the grid. 
People with garages can charge them at home now. In contrast to the 
all-electric car (which, given current battery technology, continues to 
suffer from restricted driving range between charges), plug-in hybrids 
can be driven long distances, making use of the existing refuelling 
infrastructure. Some people (depending on relative prices) may want 
to purchase these cars now. As plug-in hybrids penetrate the market, 
the number of electrical outlets for recharging will increase. The incen-
tive to improve batteries for extended travel in electric mode will also 
increase. Both of these developments will improve the economics of 
the all-electric car.

As with international marine and aviation transport, the road trans-
portation systems of different (especially contiguous) countries must 
be compatible. Plug-in hybrids are compatible with existing infrastruc-
ture. Their use can spread to new geographic regions under current 
conditions. Wider adoption by more countries will allow economies 
of scale and learning to be exploited, helping to increase market pen-
etration further. In short, the adoption of plug-in hybrid vehicles may 
spread without the need for international cooperation. By contrast, 
the all-electric vehicle may fail to take off without an international 
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agreement. At minimum, an international agreement may be needed 
to facilitate the transition to an all-electric vehicle future.14 Note as 
well that technical standards create an automatic trade restriction 
that is legal (so long as the standards are non-discriminatory) and 
easily administered. This also helps to encourage the proliferation 
of common standards. It is by this means that the catalytic converter 
coupled with the use of unleaded gasoline became a global standard.

Of course, a switch to electric (or hydrogen) vehicles makes it even 
more imperative that emissions from electricity generation be cut very 
substantially. I discuss the electric sector later in this chapter.

Another sector excluded by Kyoto is deforestation. This is an impor-
tant omission since deforestation is estimated to be responsible for 
around 18 percent of global GHG emissions (Bradley et al. 2007: 44). 
There is wide agreement that the deforestation “loophole” needs to be 
closed, and there are proposals for doing so by creating “credits” for 
avoided deforestation.15 However, there are also good reasons why 
avoided deforestation was left out of the Kyoto Protocol in the fi rst 
place. Forest loss is sometimes beyond the control of individual parties 
(as in the case of forest fi res), the potential for leakage is huge, the ben-
efi ts of avoided deforestation are reversible, and establishing a base-
line for the purpose of calculating credits is fraught with diffi culties. 
Policies to reduce deforestation are needed, but they will be imperfect.

Indeed, while afforestation and reforestation (tree planting, essen-
tially) are counted by Kyoto, “trade” in forestry-based credits between 
developing (non-Annex I) countries and developed (Annex I) coun-
tries under the Clean Development Mechanism (CDM) has been very 
limited. So far, only one such project has been approved, and this 
project has been unable to fi nd a buyer. As noted by Basu (2009: 146), 
“Because of their uncertain environmental value, forest-generated 

14 We already have an agreement for harmonizing automobile standards—the 
Agreement Concerning the Establishing of Global Technical Regulations for 
Wheeled Vehicles, Equipment and Parts which can be Fitted and/or Used on 
Wheeled Vehicles. See www.unece.org/trans/main/wp29/wp29wgs/wp29gen/
wp29glob/globale.pdf. An agreement on new automobile standards could be 
negotiated as an amendment to this agreement.

15 See, for example, Scott L. Malcomson, “Leafonomics,” New York Times, 
20 April 2008, at www.nytimes.com/2008/04/20/magazine/20wwln-es-
say-t.html?partner=rssnyt&emc=rss. The UN’s Reduced Emissions from 
Deforestation and Forest Degradation Program, or UN-REDD, also creates 
emission “credits.”
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credits are expected to fetch only $4–$5 apiece in the global markets, 
compared with the $20–$25 fetched by carbon credits from other 
offset schemes.” The EU currently does not allow forestry credits 
such as these to be traded within its Emission Trading Scheme, thus 
voting with its feet, as it were, to ring-fence forestry, so as not to allow 
forestry activities to contaminate other efforts to reduce net emissions 
(other CDM projects are allowed).

To sum up this section, the Kyoto Protocol’s limits are not truly 
economy-wide, and while there have been proposals to develop a 
more comprehensive agreement, there was a logic in the original 
design, which treated different sectors—notably marine and aviation 
transportation, and deforestation—differently. This logic could also 
be extended to other sectors that are presently included in Kyoto’s 
emission caps. I take up the question of whether a more fragmented 
approach should substitute for a broader agreement, or be additional 
to a broader agreement, in a later section.

Separate agreements for different gases

The logic of breaking the global mitigation challenge up into pieces 
can also be extended to the different types of GHGs. Indeed, one of 
the six gases controlled by Kyoto has already been addressed under 
a different agreement—the Montreal Protocol, which was created to 
protect the ozone layer, not to limit climate change.

Protection of the ozone layer has both positive and negative impli-
cations for climate change, but a 2007 study concluded that, overall, 
the Montreal Protocol has been very effective in mitigating climate 
change.16 Indeed, the study calculates that the Montreal Protocol has 
done more to address global climate change than the Kyoto Protocol, 
even assuming that Kyoto worked as originally intended. Already, this 
study estimates, the Montreal Protocol has reduced GHG emissions 
by four times as much as the Kyoto Protocol planned to do.

In late 2007, months after the above study was published, the 
Montreal Protocol was revised again. This time, an earlier  agreement to 
phase out hydrochlorofl uorocarbons (HCFCs) was accelerated. HCFCs 

16 See Velders et al. (2007). Ozone-depleting substances also have a warming 
effect in the atmosphere, but so does stratospheric ozone itself and so do many 
of the substitutes for ozone-depleting substances.
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are a category of GHGs, though they are not regulated by Kyoto (for 
the reason that they were already controlled by the Montreal Protocol). 
However, the manufacture of HCFCs produces HFCs (hydrofl uorocar-
bons) as a byproduct, and HFCs (which are a GHG but not an ozone-
depleting substance) are controlled by Kyoto. This new agreement thus 
adds to the Montreal Protocol’s earlier achievement.

The implication is that, had HFCs been addressed in a separate 
agreement, they could have been cut dramatically and perhaps 
phased out—not only by Kyoto’s Annex I countries, but globally. By 
pooling HFCs with the other GHGs within Kyoto’s structure, less was 
achieved.17

Why has the Montreal Protocol succeeded where the Kyoto Protocol 
has failed? An important reason is that climate change and ozone 
depletion are different problems. Ozone depletion threatens human 
health directly, and can be avoided at relatively low cost. There are, 
however, other reasons—reasons having to do with the design of these 
treaties and how these designs address the underlying challenges.

Four observations are especially important. First, Montreal requires 
that all countries cut their emissions, whereas Kyoto only limits the 
emissions of Annex I countries. Second, Montreal controls production 
and consumption whereas Kyoto only limits the emissions arising from 
production. By restricting consumption (defi ned as production plus 
imports minus exports), Montreal dampens the potential for emis-
sions leakage through trade. Third, the Montreal caps are permanent, 
whereas Kyoto’s last only fi ve years. Permanent limits create an expec-
tation of a fundamental shift in global demand, stimulating innova-
tion. Finally, Montreal created strong incentives for both participation 
and compliance—“carrots” in the form of fi nancial  payments from 
rich to poor countries, and “sticks” in the form of trade restrictions 
between parties and non-parties to the agreement. Kyoto only offers 
fi nancial assistance through the faulty CDM; as discussed earlier, it 
lacks an enforcement mechanism.

The lesson is not that an international climate agreement ought to 
have the features of the Montreal Protocol. These are different prob-

17 Indeed, there is evidence that Kyoto might actually have created incentives for 
HFC production to increase. According to Michael Wara (2007: 596), produc-
ers of HCFCs can earn more from Clean Development Mechanism (CDM) 
credits for the HFCs produced as a byproduct than from the HCFCs themselves. 
This is an illustration of one problem with the CDM—establishing a baseline.
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lems; they will have different solutions. The lesson is that, by pooling 
all gases and sources together, Kyoto loses the leverage that can be 
brought to bear in controlling, in this instance, one type of GHG inde-
pendently of others. Montreal has shown us that a different design 
would have achieved much more.

Sectoral agreements again

Although the Montreal Protocol’s production and consumption limits 
are economy-wide, they are determined with a view to how indi-
vidual sectors can substitute away from controlled chemicals, and 
they take into account the benefi ts to be derived from these changes. 
For example, the adjustments agreed in late 2007 were grounded 
in a very detailed analysis of individual sectors, including refrigera-
tion and air conditioning, foams, medical aerosols, and fi re protec-
tion.18 The Technology and Economic Assessment Panel (TEAP) that 
advises parties to the Montreal Protocol includes members who are 
“infl uential in technical standards organizations, industry associa-
tions, and private and public regulatory authorities” (Anderson and 
Sarma 2002, p. 441). The members from environment ministries “use 
knowledge of emerging technology to time regulatory approval with 
commercialization,” while industry experts are “infl uential in crafting 
regulatory incentives necessary to stimulate investment and rapidly 
achieve economies of scale” (Anderson and Sarma 2002, p. 441).

A consequence of this process is that, by the time treaty parties 
approve TEAP recommendations, the political, economic, and tech-
nical feasibility of their implementation is virtually assured. As 
explained by Parson (2002), Montreal’s “success was not achieved by 
the control measures in the original treaty. Instead, it was achieved 
by rapid adaptation of the controls and the fl ood of innovations that 
followed. The protocol’s novel process of assessing alternatives to 
ozone-depleting chemicals was central to this adaptation.” Parson 
adds, “These linked processes of assessment, innovation, and dif-
fusion were so powerful they almost made the regulations appear 
superfl uous, as private reduction efforts stayed consistently ahead of 
regulatory requirements.”

18 See http://ozone.unep.org/teap/Reports/TEAP_Reports/TEAP-TaskForce-HCFC
-Aug2007.pdf.
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For climate change, Parson suggests that more progress might be 
made if technology-based assessments were undertaken in key indus-
trial sectors such as steel, smelting, chemicals, and pulp and paper, 
and in other areas that offer signifi cant abatement potential, such 
as improving the fuel effi ciency of vehicles; developing power-plant 
carbon capture and storage; and reducing industrial emissions of 
HFCs, perfl uorocarbons (PFCs), and sulfur hexafl uoride (SF6).

This process of technology assessment was made effective by 
structural features of the Montreal Protocol. Several of these features 
could—and, I would argue, should—feature in a new climate treaty 
regime.

First, a climate treaty’s obligations, whether for an individual sector 
or a particular type of gas, should apply globally. Developing coun-
tries should not be exempted from meeting new global standards, as 
they were from reducing their emissions under Kyoto (though, as with 
the Montreal Protocol, it may be desirable in some cases to establish a 
different transition path for developing countries).

Second, developing countries should be offered fi nancial assistance 
to reward their participation and aid their compliance. This assistance 
should be based on the principle of “incremental cost,” meaning that 
developing countries should not be made worse off for participating 
and complying as compared with an alternative scenario where the 
agreement did not exist. In contrast to Kyoto, payments would not be 
made for “hot air.” Nor would surpluses be paid (as they are, except 
at the margin, under a trading system). This arrangement will lower 
the cost to rich countries of achieving emission reductions in poor 
countries and thus encourage greater action to limit emissions.

Third, trade restrictions should be used to enforce agreements for 
trade-sensitive sectors. Since developing countries would be compen-
sated for participating in and complying with these agreements, and 
since the aim of the agreements would be to create universal standards 
for a “level playing fi eld,” the use of trade restrictions in this context 
would have legitimacy. The threat of trade restrictions should also 
have a high chance of being credible, since parties to such sectoral 
agreements would not want non-parties to have an “unfair” advan-
tage in international trade. Moreover, the trade-sensitive sectors are, 
by defi nition, especially vulnerable to leakage. Applying trade restric-
tions to non-parties would help to reduce leakage, thus making cred-
ible the threat to apply restrictions (Barrett 2005).
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Finally, treaty obligations should be expressed in terms of con-
sumption and not only production. Importing countries should agree 
to import only goods that were produced by methods that meet 
global standards. This measure reduces the market for non-partici-
pants and increases the market for participants. It thus encourages 
participation.

The aluminum sector is a prime candidate for a sectoral agree-
ment.19 It is a concentrated industry: twelve countries account for 82 
percent of global production; ten companies produce more than half 
of world output. The industry employs just two smelting technologies, 
and emissions can be reduced substantially by re-melting aluminum 
scrap, which is 95 percent less GHG-intensive than primary aluminum 
production. Finally, twenty-six companies, making up 80 percent of 
world output, belong to the International Aluminium Institute, which 
has already adopted voluntary energy intensity targets. There exists a 
basis here for negotiating new global standards for the industry, in a 
manner similar to the TEAP, backed by international enforcement.

The precise nature of such an agreement would need to be worked 
out by the parties, in association with the industry—demonstrating the 
value, again, of technology assessment. One possibility is to require 
that all smelters employ the more effi cient Prebake smelting technol-
ogy (some facilities in developing countries still rely on the less effi -
cient Söderberg technology). Another possibility is to limit upstream 
emissions associated with electricity inputs to the production process. 
A fi nal possibility is for an agreement to reduce emissions of PFCs. 
There is tremendous variation among aluminum plants in the amount 
of this gas that is emitted—and opportunities, therefore, for the lower 
emission rates to serve as an industry standard.20 Other obvious candi-
dates for sectoral agreements include steel and cement.21

A fi nal question is whether sectoral and individual gas agreements 
should substitute for an economy-wide, multi-gas agreement or 
whether the different types of agreement should coincide. The latter 
possibility may be more cumbersome, but it has the advantage of 
being more evolutionary. Over time, we can shed the agreements that 
prove superfl uous or ineffective.

19 I am drawing here from the excellent study by Bradley et al. (2007), especially 
pp. 37–8.

20 Watson et al. (2005) p. 12.
21 Again, see Bradley et al. (2007).
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R&D

An area where linkage is certainly needed concerns policies to reduce 
emissions and promote R&D.

The Kyoto Protocol lasts just fi ve years—too short a period to 
provide incentives for fi rms to make major investments in new tech-
nologies for reducing emissions. Patents typically last 20 years. If a 
treaty is to create incentives for industry to innovate, its obligations 
must last at least as long.

Preferably, and as noted previously, the obligations expressed in a 
treaty should hold indefi nitely and thus prevent backsliding. Future 
adjustments and amendments can ratchet up the actions required. It 
may be diffi cult for a climate treaty to do this if the goals are expressed 
as emission limits—in that case the question arises, would permanent 
limits be credible? It may be easier if goals are expressed in some other 
way—as technology standards, for instance. It is sometimes claimed 
that technology standards have the opposite problem of “locking in” 
a given level of performance. However, there is evidence to counter 
this claim. The oceans have been protected from oil releases by a suc-
cession of technology agreements, each one more demanding than the 
last.22

The Kyoto Protocol has the additional shortcoming that it creates 
little incentive for countries to invest in R&D. The product of basic 
research is knowledge, and knowledge (by social choice) cannot be 
patented. Instead, the production of basic research must be stimulated 
by public fi nancing—by national laboratories undertaking research 
directly, by research grants being awarded on a competitive basis to 
universities, by research subsidies being paid to industry, or by prizes 
being awarded for research success. Energy R&D spending was fl at 
after the UNFCCC was adopted in 1992; it changed little after Kyoto 
was negotiated; and it has remained steady since Kyoto entered into 
force.23 Kyoto’s design does not promote R&D directly.

Failure to stimulate R&D makes long-term progress in reducing 
emissions diffi cult. Basic knowledge and technology development are 
complements. The returns to each activity increase in the level of the 
other activity. Both activities are also crucial to addressing climate 

22 Barrett (2007a).
23 See Doornbosch and Upton (2006).
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change. Reducing emissions dramatically will require a technological 
revolution.

Knowledge is a global public good. Countries—especially large, 
rich countries—have incentives to invest in R&D, individually in 
some cases and collectively in others. However, in the case of climate 
change, the returns to supplying one global public good (knowledge) 
depend on the returns to supplying the other (using the knowledge to 
reduce GHG emissions).

We know that the incentives to conduct research into nuclear 
fusion are strong, because countries have already cooperated in this 
research.24 Fusion power, however, promises to yield benefi ts unre-
lated to climate change, in addition to climate benefi ts. The incentives 
to undertake R&D into carbon capture and storage, by contrast, are 
much weaker. They depend entirely on the prospects of the knowl-
edge emerging from this research being embodied in new technologies 
that are actually diffused, and these prospects depend in turn on the 
strength of future incentives for countries to cut their GHG emissions 
(Barrett 2006). As noted previously, these incentives are likely to 
remain weak even with an international climate agreement unless a 
way can be found to address the enforcement challenge.

Electricity is not usually traded (that is, it is mostly generated in the 
country where it is consumed), and so the emissions from this sector 
cannot be controlled in the same way as emissions from sectors like 
aluminum and transport. This, of course, is another reason why it 
makes sense to break the larger problem up to accommodate different 
approaches for different sectors.

Though trade restrictions cannot be used to enforce an agreement 
on electricity generation, at least we do not need to worry about 
leakage compounding free rider incentives. Recall that Title IV of the 
Clean Air Act Amendments of 1990, which limits power plant emis-
sions of sulfur dioxide, was adopted as a US law. It was incorporated 
within a bilateral agreement with Canada, but only after being passed 
as domestic legislation. This law did not make any provision for 
trade restrictions because leakage was not a problem. Nor was free 
riding, because the domestic benefi ts of Title IV outweighed the costs. 

24 The International Thermonuclear Experimental Reactor, being built now in 
France, is a cooperative endeavour, supported by the European Union, China, 
India, Japan, South Korea, Russia, and the United States—the same countries 
that will need to cooperate in addressing climate change.
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A climate change treaty requiring, say, that all new coal-fi red power 
stations be fi tted with carbon capture and storage would need to over-
come free rider incentives.

How might this be done? One possibility is to make the policies of 
different countries contingent. For example, an agreement could require 
that all new coal-fi red power stations be fi tted with carbon capture and 
storage, with this obligation being binding on individual countries only 
so long as the treaty’s minimum participation condition was met. This 
arrangement would address one of the motivations for free riding—
the fear that, should your country cooperate, others will not, with the 
consequence that your country helps free riders but is made worse off 
itself compared with a situation in which cooperation fails completely 
(Barrett 2005). To provide additional reassurance that other parties 
really will adopt the new standard, the agreement could require that 
parties adopt domestic legislation mandating the technology standard. 
This would shift the compliance burden onto domestic institutions (par-
ticipation would still need to be enforced internationally, but that would 
be the purpose of the minimum participation clause noted above).

Two problems with carbon capture and storage cannot be avoided. 
The fi rst is that it is more costly and results in more local pollution 
emissions than an equivalent plant without carbon capture (this is 
because capture requires energy). It will never be something coun-
tries implement on a major scale unilaterally. A way must therefore 
be found to enforce participation in an agreement that mandates the 
use of this technology (or that prescribes emissions constraints that 
can only be met using carbon capture and storage). Second, geologic 
storage will introduce new risks, particularly if done on a substan-
tial scale. Some of these risks are local (harm to groundwater, for 
example). Some are global (leakage of CO2 into the atmosphere). 
(Deep ocean storage introduces other risks.)

A priority for action now must be to advance both carbon capture 
and geologic carbon storage. R&D must demonstrate the economics 
of large-scale, integrated power plants with carbon capture, and fi nd 
ways to lower costs and improve effi ciency. It must also demonstrate 
the safety of underground storage. Because the benefi ts of this R&D 
lie entirely in supplying the global public good of climate-change 
mitigation, this research will need to be coordinated. Indeed, there 
is almost certainly a need for international cooperation in fi nanc-
ing R&D in this area. The Carbon Sequestration Leadership Forum 
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(with  twenty-one member states) is a “framework for international 
cooperation in research and development for the separation, capture, 
transportation and storage of carbon dioxide.”25 The Forum does not 
undertake R&D. Its purpose is to share information. About twenty 
large-scale carbon capture and sequestration demonstration projects 
are now being planned, but as noted by the International Energy 
Agency (IEA 2008: 276), the list of such plants is “changing rapidly . . .  
due to a number of project cancellations as well as new projects being 
announced.”26 We should be able to rely more on R&D in this vital 
area.

R&D agreements do not require universal participation or even a 
high level of participation. They can involve a small number of coun-
tries. The ITER nuclear fusion project, for example, is supported by 
the European Union and six other countries. Countries contribute to 
an effort like this when they benefi t from the fruits of the research 
and their contributions are pivotal to the project going ahead. They 
also contribute so that their scientists can learn from colleagues based 
in other countries—a greater benefi t when a country is engaged in 
complementary research programs. In these situations, other countries 
may free ride, but their free riding need not undermine the provision 
of knowledge-based public goods (Barrett 2007a). High participa-
tion levels are important only for agreements that aim to reduce 
emissions.

Adaptation

Countries have exceptionally strong incentives to adapt. They have 
incentives to adapt in response to climate change, to limit the damage 
from climate change, and they have incentives to adapt in anticipation 
of climate change, to insure against future damage.

25 See www.cslforum.org/publications/documents/CSLFcharter.pdf.
26 The United States had planned to build a “clean coal” pilot project called 

FutureGen. The plant was to produce hydrogen and electricity from coal while 
using carbon capture and storage to sequester the CO2 underground. The ini-
tiative was launched in 2003. In December 2007, a site was selected. A month 
later, the project was cancelled, ostensibly because the cost had risen from 
$1 billion to $1.8 billion. See M. L. Wald, “Higher Costs Cited as U.S. Shuts 
Down Coal Project,” New York Times, January 31, 2008; available at www.
nytimes.com/2008/01/31/business/31coal.html?ref=environment&pagewanted
=all. Recently, the Obama adminstration reversed this decision.
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In contrast to mitigation, the benefi ts of adaptation are excluda-
ble—they need not be shared with outside parties. Much adaptation 
will therefore be done “automatically” by the market. Much of the 
rest will require governments to invest in local public goods (such as 
augmenting the Thames Barrier), the benefi ts of which will be largely 
internal to the countries that supply them.

Poor countries are especially vulnerable to climate change. This is 
partly because of their geography (Mendelsohn, Dinar, and Williams 
2006). It is also because poor countries lack the capability to adapt. 
Adaptation requires the same institutions as development. Poor coun-
tries have weaker market institutions, and their governments rou-
tinely undersupply basic local public goods (like immunization). Poor 
countries are also less accustomed to cooperating with each other to 
address cross-border challenges like malaria, which may become an 
even greater threat with climate change.

Mitigation will depend mostly on the efforts of the richest countries 
(not only as regards their own abatement but also their willingness to 
fi nance abatement by other countries). However, these countries are also 
more capable of adapting. The rich countries may, therefore, substitute 
the local public good of adaptation (the benefi ts of which are captured 
locally) for the global public good of mitigation (the benefi ts of which 
are distributed globally), leaving poor countries more vulnerable still. 
Climate change thus has the potential to widen existing inequalities.

Compassion might move rich countries to offer assistance to the 
poor: but there is a more powerful motive: the rich countries are 
responsible for the poor needing to adapt.

Rich countries have already accepted that they are obligated to 
assist poor countries with adaptation. Article 3 of the UNFCCC says 
that rich-country parties to the Convention shall “assist the develop-
ing country Parties that are particularly vulnerable to the adverse 
effects of climate change in meeting costs of adaptation to those 
adverse effects.” However, the agreement does not say how much 
money the rich countries ought to provide or the basis for determining 
this amount. Nor does it mention burden sharing. How much should 
each rich country contribute?

The Kyoto Protocol made a fi rst attempt to defi ne and implement 
the obligation of rich countries to assist the poor. It established an 
adaptation fund, fi nanced by a levy on CDM transactions (the CDM 
allows rich countries to fulfi ll their emission-reduction obligations 
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by obtaining credit for emission reductions they fi nance in poor 
 countries). However, there are three problems with this arrangement. 
First, the amounts of money that will be needed for adaptation bear 
no relation at all to the amounts raised by CDM transactions. Second, 
taxing CDM transactions penalizes efforts to supply the global public 
good of mitigation. Finally, since the United States is not a party to 
the Kyoto Protocol, its obligation to assist developing countries (an 
obligation it accepted under the UNFCCC) cannot be fulfi lled by the 
CDM. For all three reasons, a different approach is needed.

What form this new approach might take is presently unclear. The 
priority at this time should be to make investments in development 
that will reduce future vulnerability. An obvious area for investment 
is agriculture. The Consultative Group on International Agricultural 
Research (CGIAR) is currently undertaking research that could reduce 
future vulnerability dramatically. This includes developing “climate-
ready” crops capable of withstanding climate change—examples 
include heat-tolerant crops, “drought-escaping” rice (varieties that can 
grow over a shorter cycle), and “waterproof” rice (varieties that survive 
prolonged fl ooding). Industrialized countries pay about 70 percent of 
the CGIAR’s budget (multilateral and regional development organiza-
tions fi nance most of the balance). They should increase their contribu-
tions to fi nance an expanded climate-related research program.

Another obvious area for investment is tropical medicine. The 
link between climate change and infectious diseases is complex and 
uncertain but there are reasons to be concerned. For example, the 
relationship between temperature and the number of days it takes 
for the malaria parasite to develop within a mosquito is non-linear. 
Small changes in temperature can thus lead to large changes in malaria 
incidence.27 Of course, even leaving direct climate-disease interactions 
aside, we can be sure that countries will be better able to adapt to the 
myriad impacts of climate change if they are relieved of their crush-
ing disease burden. Much of this burden can be erased using existing 
medical products, but R&D into the tropical diseases has also been 
lacking. One way to help developing countries adapt is thus to invest 
in R&D on infectious diseases.

27 See Patz and Olson (2006). Of course, rainfall patterns are also important, and 
the phenomenon of “biological amplifi cation” described here depends on a 
number of things, including the existing level of transmission.
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The important design question is whether and how contributions to 
adaptation and R&D should be linked to other actions in the treaty 
system. Much future climate change can be attributed to historical 
emissions. Even more climate change will be due to future emissions. 
The more we succeed in reducing emissions, the less we will need to 
spend on adaptation. This suggests that a component of each coun-
try’s contribution to adaptation should be linked to its role in reducing 
future emissions.

Geoengineering

Two fundamental forces determine the Earth’s climate: the amount of 
solar radiation that reaches the surface and the amount of this radia-
tion that is trapped by GHGs in the atmosphere. So far, international 
negotiations have focused on addressing the latter—that is, the con-
centration of GHGs. Geoengineering is a radically different approach. 
Its aim is not to limit climate change by limiting GHG concentrations 
but to limit climate change by altering the amount of solar radiation 
that reaches the Earth.

There are many different ideas for how this might be done. The 
most prominent option involves throwing particles (sulfates or parti-
cles engineered specifi cally for this purpose) into the stratosphere. This 
would have a similar effect to some volcanic eruptions—the particles 
would scatter sunlight, cooling the Earth. Of course, this is a Band-Aid, 
not a solution that gets at the root of the problem; but there are other 
problems. Putting large volumes of particles in the atmosphere fails to 
address the allied problem of ocean acidifi cation. It may not maintain 
the current distribution of climate. It may increase stratospheric ozone 
depletion. It may create other risks as yet unknown. There are many 
reasons why geoengineering should never be tried.

Geoengineering is also the only available option for lowering global 
temperature quickly. Reducing (net) GHG emissions takes decades 
to translate into temperature changes. Geoengineering could cool the 
Earth within months. Suppose, then, that a low-probability but high-
consequence climate event started to unfold. Would we want to have 
the option to use geoengineering then? Certainly many people would 
say yes—as a last resort.28

28 See, for example, Stephen Schneider’s (2008) recent paper on this question.
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Two other aspects of geoengineering are crucial. First, geoengineer-
ing is relatively cheap in fi nancial terms. How cheap? According to 
David Keith (2000: 263), the cost is suffi ciently low that “it is unlikely 
that cost would play any signifi cant role in a decision to deploy strat-
ospheric scatterers . . .” Second, geoengineering can be undertaken as a 
discrete action—in other words, a number of countries could deploy 
this option unilaterally.

This means that an international agreement is not really needed to 
fi nance deployment (alternatively, such an agreement should be easy 
to reach). If getting countries to reduce their emissions is “too hard,” 
getting countries to try geoengineering may be “too easy.” Indeed, the 
international challenge is not to get countries to use geoengineering 
but to get them not to use it if other countries object.29

The situation in which “abrupt and catastrophic” climate change 
appears imminent and can only be prevented by geoengineering is 
easy to analyze. Under these circumstances, many countries will want 
to use this technology. Since no country is likely to gain from abrupt 
and catastrophic climate change, few if any countries at that point are 
likely to oppose deployment. We can expect that geoengineering will 
be used under these circumstances, and that this will be desirable, at 
least from an ex ante perspective.

The situation in which “gradual” climate change is occurring is 
more complicated. William Cline (2007) has shown that the effects 
of gradual change on agriculture, within this century, are likely to 
be mixed. Some countries will probably lose substantially. In Cline’s 
analysis, a “business as usual scenario” that leads to an increase in 
mean global temperature of 3 degrees Celsius by around the year 2080 
causes India’s agricultural capacity to fall by nearly one-third. This is 
a huge loss for a country where many millions of people rely on agri-
culture for their livelihood. The losses in equatorial Africa are even 
larger—over 50 percent. However, other countries gain. Agricultural 
capacity in China rises nearly 7 percent. In Russia it rises 6 percent; in 
the United States, 8 percent. The overall or aggregate effect of climate 
change in 2080 is small—global agricultural capacity falls by only 

29 For a discussion of this challenge, see Barrett (2008a). An anonymous referee 
suggested that an expectation that geoengineering could stimulate confl ict may 
create an additional motivation for states to reduce their emissions. Others 
have suggested the opposite—that the possibility of geoengineering reduces the 
incentive for states to cut their emissions.
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about 3 percent, an amount so small as to be within the “noise” given 
the uncertainty in these estimates and the number of things that can 
change over a period of 75 years. What stands out is the variation of 
impacts across countries.

India already has space and nuclear programs. It would certainly 
have the capability to use geoengineering in an attempt to reverse 
damages caused by “gradual” climate change, should it choose to 
do so. But, plainly, other countries might object, perhaps strongly, if 
India were to attempt this approach. In this situation, confl ict seems 
likely. How will it get resolved? That is hard to say, but given that 
confl ict can be anticipated, an incentive exists for making it less likely 
to emerge—another reason why it is essential that rich countries not 
only reduce their GHG emissions but also help poor countries adapt 
by making investments in areas like agriculture. Potentially, agricul-
tural improvements resulting from such investments could more than 
offset productivity declines caused by climate change.

What else to do now? R&D in the area of geoengineering is cer-
tainly needed—to explore whether this approach is likely to work, 
how it should be deployed, and what the harmful consequences may 
be. Because individual countries may have the incentive to deploy geo-
engineering, they have an incentive to undertake related R&D unilat-
erally. However, because the consequences of geoengineering would 
be global, my view is that R&D on this option should be undertaken 
cooperatively and openly.

Air capture

Of course, R&D cannot tell us everything we need to know about 
geoengineering—only after this option were used at scale and over a 
sustained period of time would we learn its full consequences.

Suppose, then, that geoengineering is deployed in the hope that 
it will reduce the chances of imminent catastrophe. Suppose further 
that, upon deploying this technology, we learn that geoengineering 
works and does not result in serious adverse consequences. Then we 
can continue to use it. Suppose, however, that we discover geoengi-
neering is effective at lowering global mean temperature but that it 
has other, adverse consequences—perhaps consequences that were 
previously unforeseen—then what? At this point we will want to 
reduce atmospheric GHG concentrations, so that we can slowly wean 
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ourselves away from geoengineering. We could do this more quickly 
and at lower cost if we invest much earlier in R&D to advance new 
low-carbon technologies. Even so, however, reducing GHG emissions 
is a slow way to reduce atmospheric concentrations.

A faster approach is “air capture.” This involves removing CO2 
directly from the air. Of course, the process of photosynthesis does 
this naturally, which is why Kyoto acknowledges the role of affore-
station and reforestation. However, there are limits to reducing con-
centrations in these ways.

Another approach is to fertilize iron-limited regions of the oceans, 
to stimulate phytoplankton blooms. This has already been done on 
an experimental basis, but the potential for this kind of air capture 
is also limited. Moreover, there are concerns about the consequences 
of attempting ocean fertilization on a large scale—in fact, parties to 
the London Convention, an international treaty for the protection of 
the oceans, recently cautioned against large-scale experiments of this 
kind.30

Industrial air capture involves bringing air into contact with a 
chemical “sorbent”—an alkaline liquid that would absorb the CO2 in 
the air. The CO2 could then be sequestered in the same way as CO2 
removed from a power plant’s stack gases. This technology can be 
scaled up to any level and would offer the fastest way to reduce atmos-
pheric concentrations.

Air capture is also extremely expensive, however. In contrast to 
geoengineering, it is very unlikely that any country would choose to 
deploy this technology on a massive scale unilaterally. It is possible 
that a number of countries would be willing to do so collectively, 
but only if the damages avoided were at least as large as the cost—a 

30 In 2007, the eighty-four parties to the London Convention/Protocol endorsed 
a “statement of concern” about ocean fertilization, and urged parties “to use 
the utmost caution when considering proposals for large-scale ocean fertiliza-
tion operations.” (See OSPAR Decision 2007/02 on Storage of Carbon Dioxide 
Streams in Geological Formations, June 2007.) They also agreed that they 
would consider regulating this technology. This should be of concern to parties 
to the UNFCCC. Restricting ocean fertilization may be to the benefi t of the 
oceans, which are the primary concern of parties to the London Convention. 
However, the choice is not whether to allow such an experiment; it is whether 
to allow such an experiment or to do something else to reduce concentrations, 
or to accept the damage from climate change that could have been avoided by 
implementing ocean fertilization. The parties to the Framework Convention 
must surely play a role in making this judgment.
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situation that is most likely to arise when the case for implementing 
geoengineering is also strong and when air capture can be deployed 
to directly reduce atmospheric GHG concentrations so that geoengi-
neering interventions can be scaled back or stopped. Currently, our 
knowledge of this technology is in its infancy. R&D should be under-
taken now to develop air capture and lower its costs, so that we will 
be ready to deploy this technology should we feel the need to do so in 
the future.31

Conclusions

In this chapter I have outlined a different approach to addressing 
climate change, building on my earlier proposal for a “multitrack 
climate treaty system” (Barrett 2007b). I have provided more details 
about how the individual parts of such a treaty system might be devel-
oped and I have examined their potential interconnections, including 
their implications for managing climate change risk. I am not claiming 
here that my approach is ideal. Plainly, it is not. My proposal should 
be judged relative to the viable alternatives. In making this compari-
son, it is essential that the alternatives be shown to be self-enforcing. 
Proposals that either ignore the need for enforcement, or that assume 
that enforcement will appear out of thin air, do not offer viable 
alternatives.

There are two fundamental problems with the approach taken so 
far to reduce GHG emissions. The fi rst is that it lacks an effective 
enforcement mechanism. The approach outlined here allows us to use 
different means to enforce different parts. We know this alternative 
approach could do better because we have seen it do better—the latest 
adjustment to the Montreal Protocol is proof. We also know that this 
approach could not do worse than the existing arrangement, since sep-
arate agreements for individual sectors and gases could be developed 
as supplements or additions to the approach tried thus far.

The second problem with the approach taken thus far is that it 
largely neglects other opportunities for reducing climate change risk. 

31 In a recent analysis of a similar but not identical situation, Baker, Clarke, and 
Weyant (2006: 173) conclude that, “from a policy perspective, the more likely 
we believe dramatic emissions reductions will be necessary, the more R&D 
funding should be pushed toward technologies that will reduce the costs of 
these reductions.”
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Adaptation is also important. So, ultimately, may be geoengineering 
and air capture. We need a portfolio of approaches, one that allows 
for changes in the mix of measures used to manage climate change as 
we learn more about the problem and our ability to address it.
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9  How to negotiate and update climate 
agreements*

 Bård Harstad
 

Executive summary

Climate change is a dynamic problem with uncertain consequences. As 
we learn more about the benefi ts and costs of abatements over time, any 
agreement made today is bound to be renegotiated and updated in the 
future. Anticipating such negotiations, every country may try to infl u-
ence its future bargaining power to be able to negotiate a more favora-
ble deal. Increasing the bargaining power can be done by (i) investing 
less than optimally in R&D, (ii) adapting more to climate change than 
what is socially optimal, (iii) signaling reluctance by delay, or (iv) del-
egating bargaining authority to representatives that are less in favor 
of an agreement. Such strategic behavior makes an effi cient agreement 
less likely. In fact, the situation with an agreement can be worse than a 
situation without any agreement at all. Thus, it is immensely important 
to determine in advance the rules governing how the countries should 
negotiate and update future climate change agreements.

This chapter presents and discusses fi ve such rules. First, the nego-
tiations may be more effi cient, and less strategic, if harmonization of 
contribution-levels is required across countries, or if the contribution-
shares are pre-determined by some formula that itself is not subject 
to renegotiation. Second, the time horizon of an agreement should 
be long enough to prevent the above-mentioned strategies from being 
too infl uential. The larger the number of participants, the longer the 
time horizon should be. Third, the default (the outcome to which one 
reverts if the negotiations fail) should be the previous agreement or, 

 * I am grateful to the participants at the 2008 workshop of the Harvard Project 
on International Climate Agreements, in particular the detailed comments by 
Joe Aldy and an anonymous referee. This chapter does not contain original 
theoretical results, but draws on several papers that are (or may become) pub-
lished elsewhere.
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even better, a very ambitious agreement. This provides an effi cient 
starting point from which one may renegotiate the agreement. Fourth, 
the unanimity requirement should be replaced by majority rules (or 
supermajority rules) when it comes to updating the agreement. Fifth, a 
minimum participation requirement should specify the lowest number 
of countries that has to ratify the treaty before it becomes binding to 
anyone. Each rule can be employed even if the other rules are not. In 
fact, the rules are “strategic substitutes” in the sense that each of them 
is more important if the other rules are not implemented. For example, 
it is more important to subsidize trade in abatement technology if the 
time horizon of the agreement is short. The rules can also be modifi ed 
and used to regulate the entry of new participants.

While each of these rules may help in mitigating the hold-up prob-
lems described above, they may fail to be credible if countries are 
tempted to opt out of the agreement. Such exits are less likely to be 
attractive if the climate change treaty is bundled with a trade agree-
ment, and the threat to exit is then less likely to be credible. Thus, 
linking trade and environmental agreements complements all the rules 
above. In addition, bundling trade and environmental agreements 
makes it possible to sanction non-compliance in a credible way.

Introduction

As a dynamic problem, climate change requires a dynamic solution. 
The future is uncertain and today we know neither the costs nor the 
benefi ts of reducing emissions in the future. Therefore, we cannot and 
should not hope for an “evergreen” agreement that specifi es commit-
ments for all future dates. Instead, we must accept that any agreement 
will need to be updated and renegotiated later on, and perhaps eventu-
ally be completely replaced.

At the same time, the outcome of a bargaining game depends on 
the bargaining rules. Anyone hoping for good environmental agree-
ments should thus pay attention to the rules governing the negotiation 
process.

There are several rules and norms that govern international negotia-
tions. Some of these are informal, like the norm against threatening an 
opponent with war unless a trade agreement is signed. Other rules are 
explicit, like the voting rules in the United Nations (UN): important 
decisions require a two-third majority, while other decisions require 
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only a simple majority. Multilateral trade negotiations take place 
under the “reciprocity” and “most favored nation” principles of the 
World Trade Organization (WTO) (Bagwell and Staiger 2003).

Do we need rules for negotiating and updating climate agreements? 
Without rules, the outcome will be determined by countries’ relative 
bargaining powers. A country is likely to have more bargaining power, 
and be a tougher negotiator, if it is reluctant to join a climate agree-
ment and this is publicly known. To improve its bargaining position, 
a country may thus be tempted to signal reluctance by, for example, 
delaying negotiations or repeatedly rejecting other countries’ propos-
als. Countries may also want to appoint negotiators that are recognized 
as being ambivalent about or even opposed to climate treaties. More 
importantly, national governments may think twice before investing 
heavily in abatement technology when climate negotiations are coming 
up in the near future. A superior technology can easily become a liabil-
ity if other parties to the negotiation use it to argue that the high-tech 
country should be required to bear the lion’s share of the burden. By not 
investing in technology, on the other hand, a country faces larger costs 
when entering a climate agreement and it may expect to be partly com-
pensated for these costs. Underinvestment in abatement technologies is 
thus one of the big costs associated with international negotiations.

The purpose of this chapter is, fi rst, to better explain these costs of 
negotiation. Second, the chapter suggests and discusses fi ve bargain-
ing rules. Each rule can help to reduce bargaining costs and induce 
countries to invest more in abatement technology. It may be necessary 
to commit to the rules by letting the climate agreement specify the 
procedure for future negotiations. The suggested rules are “strategic 
substitutes,” meaning that each rule becomes more important to 
implement if the other rules are not implemented. I also discuss link-
ages to trade agreements. It turns out that linking to trade agreements 
can complement the proposed rules, making each of them more effec-
tive and credible.

The fi rst rule is to require some kind of harmonization of policies 
or use formulas when deriving country-specifi c abatement commit-
ments. Under this rule, it is hard for a country to exploit its bargaining 
position, and countries cannot be held up and required to contribute 
more simply because they have already paid the price of investing 
in  abatement technologies. With agreement on the use of formulas, 
therefore, countries are likely to invest more in R&D.
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The second rule is to aim for a long time horizon. If the time horizon 
is short, frequent negotiations are necessary and investing in bargain-
ing power becomes important. To motivate countries to instead invest 
in abatement technology, it is thus crucial that the time horizon of 
each commitment period be long.

The third rule concerns the outcome if future negotiations should 
fail. Notice that if current climate negotiations fail, the outcome is 
no agreement at all, since existing emission commitments are set to 
expire. By contrast, when international trade negotiations fail, the 
outcome is that the previous set of trade agreements remains in force, 
not that there is no agreement. This is, as argued below, a much 
more effi cient default outcome. Future climate negotiations should 
also revert to an existing or pre-specifi ed agreement if they fail to be 
updated in negotiations.

Fourth, when updating future climate agreements, the unanimity 
requirement should be relaxed, since it gives the most reluctant coun-
tries a disproportionate amount of bargaining power.

I also discuss minimum participation rules and how they may 
govern the exit and entry of participants.

The relationship to trade agreements is relevant for two distinct 
reasons. First, a weak system for the international protection of 
intellectual property rights (patents) contributes to the underinvest-
ment problem. Not only should patents on abatement technology 
be enforced to encourage innovations, but tariffs on trade in such 
technologies should be eliminated and replaced by subsidies to induce 
countries to invest more. Such policies are particularly important if the 
suggested rules are not followed, since then underinvestment in R&D 
is likely to be even more severe. R&D should be subsidized more for 
short-term agreements than for long-term agreements, for example.

The main problem with the suggested rules is that countries may be 
tempted to opt out of an agreement if the rules are strictly followed 
(e.g., if contributions are dictated by a formula, the time horizon is 
very long, or unanimity is not required). This threat makes each of the 
rules less likely to be credible and effective. To make the rules work, 
therefore, it is important to reduce the temptation to opt out. This can 
be done by linking participation in a climate agreement to the benefi t 
of getting most favored nation status in international trade. Despite 
the obvious drawbacks, such a linkage may be necessary to encourage 
participation and compliance.
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To simplify the discussion in this chapter, I am abstracting from 
fi rms and private investors. The private sector is, of course, going to 
be pivotal for the effectiveness of an agreement, and it is the private 
sector that for the most part is going to invest in abatement technol-
ogy. However, each fi rm is relatively small compared to the size of a 
country, and thus fi rms may not think strategically about how their 
actions can affect their home country’s bargaining power. On the 
other hand, fi rms do respond to rules, regulations, and incentives 
provided by the government. Using such instruments, governments 
can infl uence fi rms’ choices to a large degree, and governments are, 
in contrast to individual fi rms, generally concerned with their future 
bargaining power. For simplicity, therefore, I will often say that gov-
ernment decides the level of investment in abatement technology, even 
though it may be the private sector that implements these investments 
in practice.

The next section argues that any agreement will need to be renegoti-
ated, or updated, over time. The problem is that without any rules gov-
erning this process, a new or revised agreement can be worse than no 
agreement at all. Motivated by this claim, the third section of this chapter 
discusses the use of formulas to structure negotiations, the optimal time 
horizon of agreements, the best default outcome, the voting rule, and 
minimum participation requirements. I also discuss how these rules can 
be modifi ed to regulate the entry of new participants and how a link to 
trade agreements would complement each of these rules.

Do we need rules for negotiating and updating treaties?

Why update in the fi rst place?

Current commitments under the Kyoto Protocol expire in 2012, and 
subsequent commitments have yet to be negotiated. The form of a 
future agreement has not been specifi ed, though several proposals 
have been made. Most of these proposals have a limited time horizon, 
and no serious proposal suggests commitments that will remain 
unchanged forever. Thus, we can expect climate negotiations to con-
tinue to take place more or less frequently in the future.

Is such updating necessary? Could we instead make an agreement 
that is “evergreen,” specifying commitments for all future periods, 
such that no further negotiations are needed later? There are several 
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reasons why updating agreements over time is both benefi cial and 
necessary.

First, technology changes over time. Most likely, it is going to be 
cheaper to abate in the future than it is today. If so, the optimal abate-
ment level should increase. If an emission tax is used, it should decline 
over time.1 But the future abatement level (or tax) cannot be specifi ed 
today, since we do not yet know how much better the new technology 
is going to be or what it will cost.

Second, the social cost of climate change is highly uncertain. The 
Intergovernmental Panel on Climate Change (IPCC, 2007) presents 
a variety of scenarios for how much global average temperature 
may increase, and each is associated with very uncertain social costs. 
Thus, we are most likely going to learn what actual costs will be only 
gradually and over time. Several decades from now, it may turn out 
that modern agriculture can easily adapt to a new climate, or we 
may instead realize that important ecosystems are going to collapse 
unless we reduce emissions drastically. Then, and not before, is the 
best time to determine future emission levels. If the problem becomes 
more severe over time, then abatement levels should increase, and, if 
an emission tax is used, the level of the tax should rise. But the future 
optimal abatement level (or the tax) cannot be specifi ed in advance, 
since the social cost is still to be learned.

Third, differences between countries may change over time. If a 
country discovers large coal reserves, or anticipates rapid economic 
growth, it may no longer be satisfi ed with the emissions quota or share 
assigned to it. Even if a country could purchase more emission permits 
to meet its new demand, it may be tempted to instead exit the entire 
agreement. To prevent this, agreements may need to be renegotiated, 
or updated.

Ideally, an agreement could be updated “automatically,” in that 
future commitments could be a specifi ed function of technology levels, 
the social cost of climate change, and the preferences of different 
countries. However, these parameters are going to be hard to measure 
and verify, so “automatic” updating may not be enough. Notice that 
the need to renegotiate and update exists no matter the choice of 
policy instrument (quotas, tradable permits, or emission taxes) used 
to implement the agreement—though, as discussed in the Appendix, 

1 The Appendix discusses these arguments in detail.
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certain policy instruments may need to be updated more frequently 
than others.

Given the necessity to update, it is surprising that basically no pro-
posal or analysis of climate agreements addresses how commitments 
are to be negotiated or updated in the future.2 This is a severe fl aw, 
since it is certainly possible to let a treaty specify the rules that will 
govern future decisions. As argued in the next subsection, if no rules 
govern the future bargaining and updating process, the outcome can 
be detrimental to everyone. The following sections discuss fi ve rules 
that can mitigate these problems.

The costs of bargaining

Suppose every country expects that at some point in the future, coun-
tries will be getting together to negotiate. They may then negotiate 
a new agreement, or they may renegotiate an existing agreement. 
Suppose, further, that no rules are in place to structure these negotia-
tions. Then, the bargaining outcome is going to be determined by the 
relative bargaining powers of the countries. But what, in turn, deter-
mines the distribution of bargaining power?

In negotiations, bargaining power typically depends on how eager or 
“keen” a country is to arrive at agreement. The more eager a country 
is, the more it is willing to “pay” to get an agreement fi nalized. And, 
the more it is willing to pay, the more other countries will require it to 
pay—in this case by making a larger contribution to total abatement. 
Thus, a country is in a bad bargaining position if it has a lot to gain from 
completing the agreement, or if it has a lot to lose should negotiations 
fail. Such countries can expect to bear the lion’s share of the abatement 
burden. These predictions are in line with standard bargaining theory 
(going back to Nash 1950 and Rubinstein 1982), and they explain 
why Russia, which may in fact benefi t from global warming, ended 
up with emissions targets that exceeded its historical emissions levels 
under the Kyoto agreement. Europe, fearing that climate change could 
cause a catastrophic change in vital ocean circulation patterns, ended 
up bearing a relatively large share of the burden. The fact that Europe 
could better afford abatement further contributed to this outcome.

2 Schelling (2007) addresses this problem. For an overview of alternative propos-
als, see Aldy, Barrett and Stavins (2003) or Aldy and Stavins (2007).
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Anticipating international negotiations, a country may want to 
keep an eye on how its bargaining power can be affected by domestic 
policies. In fact, concern about future bargaining power may induce 
countries to distort their domestic policies in several ways.

Underinvestment in R&D
Technologies that can reduce abatement costs are obviously benefi -
cial once an agreement is signed and more stringent emissions limits 
take effect. However, possessing superior technologies also makes 
it tempting for other countries to “hold up” the high-tech country, 
which already has paid much of the costs associated with abatement, 
and require that country to take a leading role in the collective agree-
ment. This is possible if the high-tech country agrees to undertake 
more domestic abatement than other countries, or if it lends its 
technology cheaply to the others. This creates a “hold-up problem” 
that may give countries second thoughts before investing heavily 
in R&D, particularly if negotiations are around the corner. Thus, 
countries may invest less in abatement technology if they anticipate 
future international negotiations than if they do not. This reasoning 
draws on Harstad (2009), where a formal analysis shows that such 
strategic considerations can be immensely costly relative to the value 
of environmental agreements. Such costs may in fact outweigh the 
gains from an agreement itself, making it better to have no agreement 
at all.

Overinvestment in adaptation
If, after serious investments in agriculture and infrastructure, a country 
is in a position to adapt successfully to climate change, then no one 
can expect that country to be willing to pay a lot to avoid climate 
change. Such a country will be able to arrive at a good deal without 
costly abatement commitments at home. Hence, to increase its bar-
gaining power ahead of international negotiations, a country may end 
up investing too much in adaptation (as opposed to mitigation). These 
predictions are, again, in line with standard bargaining theory.

Delay and reluctance in negotiations
A third way of gaining bargaining power exists if one country’s valu-
ation of the costs and benefi ts of reaching agreement is only vaguely 
known to the negotiators representing other countries. In this context, 



How to negotiate and update climate agreements 281

a country’s representative may want to pretend that she places a low 
value on reaching agreement, or that the cost to her country of imple-
menting an agreement is high. If this can be signaled credibly, other 
participants will understand that they may need to offer the country 
a better deal to ensure it agrees. Countries can signal reluctance by 
delaying before making serious offers or by proposing a less ambitious 
agreement (Harstad 2007). If emission permits are tradable, countries 
(or fi rms) may want to purchase more than they actually need, to 
signal that they deserve a larger allocation in the future (Harstad and 
Eskeland 2008). These incentives to signal reluctance may lead to a 
less ambitious agreement than what is optimal or, in the worst case, 
may result in no agreement at all.

Strategic delegation
A related strategy is to strategically appoint the individual who will 
represent the country in international negotiations (Schelling 1956). 
If this representative is well-known to be less concerned with climate 
change, she may be a tougher negotiator and capable of landing a deal 
under which the country contributes less than it would otherwise. 
Obviously, if every country acts this way, the round table of reluctant 
representatives will be unlikely to set ambitious collective goals, and 
the citizens in every country may be worse off.

To summarize, a country can increase its bargaining power by 
investing relatively little in abatement technology; by undertaking sub-
stantial adaptation to climate change; by pretending to be reluctant to 
join an agreement; or by appointing a representative who is person-
ally reluctant to reach agreement. These strategies have in common 
that they are intended to improve a country’s bargaining position; the 
problem is that they can both distort domestic policies and make an 
effi cient international agreement less likely. This outcome is poten-
tially worse than if there were no agreement at all. It is therefore 
immensely important to think hard about rules that could govern the 
bargaining game and mitigate these strategic effects.

Rules for negotiating and updating treaties

This section discusses several rules, each of which has the potential to 
mitigate the ineffi ciencies described above. The rules are independent 
in the sense that one rule can be employed even if the others are not. 
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In fact, the rules are “strategic substitutes,” meaning that each rule is 
more important to implement if the other rules are not implemented.

This chapter recommends that nations commit to one or more of 
these rules before future climate treaties are negotiated, renegotiated, or 
updated. Such a commitment may be included in the rules of the treaty 
itself. As discussed in a later section, however, the danger is that coun-
tries may later be tempted to opt out or exit the treaty unless the rule is 
abandoned. This can make it necessary to complement the bargaining 
rules discussed below with certain linkages to trade agreements.

Harmonization and formulas

Bargaining costs arise when countries seek to improve their bargain-
ing power to get a better deal. This can be avoided, however, if it is 
required that treaty obligations or the allocation of burdens be dis-
tributed according to a particular formula. Trade negotiations, for 
example, typically apply various formulas along with a requirement 
that each country’s tariff reduction should be of the same magnitude 
when the formula is applied. To take an environmental example, 
the initial goal in the Kyoto negotiations was that every developed 
country should reduce its emissions by the same fraction relative to 
a 1990 baseline. This formula is similar to a requirement that poli-
cies should be “uniform” or “harmonized” across various countries. 
If such formulas pin down the contribution or share of my country, 
there is no point in strategically distorting domestic policies to gain 
bargaining power. In particular, if my opponents cannot require high-
tech countries to contribute more, the hold-up problem vanishes and 
I dare to invest more in R&D.

Where bargaining costs result from delay and asymmetric infor-
mation, the reasoning is quite similar. If there is no harmonization 
requirement, every country may try to signal to the others that it 
attaches a low value, or a high cost, to participating in the treaty 
(Harstad 2007). After learning of this reluctance, other participants 
are likelier to give in and offer the country a better deal with less 
costly obligations. Anticipating this dynamic, every country may want 
to pretend that it is not that interested in agreement, and may try to 
signal this reluctance by seeking delay or by proposing ineffi cient 
agreements. On the other hand, if policy harmonization is required, 
countries need only negotiate over how ambitious the common policy 



How to negotiate and update climate agreements 283

should be. In that case, it is less rewarding to signal bargaining power, 
and negotiations will proceed in a much more effective manner—that 
is, with less delay and signaling of reluctance—than if uniformity and 
harmonization were not required. A similar argument holds if permits 
are tradable (Harstad and Eskeland 2008) and if representatives are 
strategically appointed (Harstad 2008a).

The disadvantage of harmonization is, of course, that countries are 
heterogeneous and have different needs. If the heterogeneity is large, 
the cost of imposing uniformity is likely to dominate the gains associ-
ated with a more effi cient negotiation process (Hoel 1992; Alesina, 
Angeloni and Etro 2005). However, the benefi ts of harmonization 
can be exploited without requiring completely uniform policies. If it 
is effi cient (or fair) that developed countries contribute more than less 
developed ones, this could be captured by a well-designed formula, 
stating that rich countries should reduce emission levels by twice as 
much as developing ones, for example. The formula could also build 
in automatic responses, such as assigning emission-reduction obli-
gations on the basis of countries’ wealth (GDP), economic growth, 
or energy consumption. Then, the formula could automatically 
 distribute—and redistribute—abatement burdens over time in a way 
that is considered to be effi cient or fair. In this case, it would still be 
hard for a country to infl uence its individual burden by investing in 
bargaining power, so domestic policies are not likely to be very dis-
torted by strategic considerations. Such formulas are further discussed 
by Frankel (2007, 2008).

As mentioned at the start of this section, it is important that 
the formula for distributing burdens is specifi ed and committed to 
(by inclusion in the treaty) before it is applied in the negotiations. 
Otherwise, the choice of formula will itself be subject to negotiations, 
and countries will, in anticipation, distort domestic policies to get a 
better bargaining position.

A longer time horizon

The emission commitments of the Kyoto Protocol took effect in 2008 
and expire in 2012—thus, they had a time span of only fi ve years. As 
argued above, it is neither desirable nor feasible that a fi xed set of 
commitment levels remains in place forever. How long should com-
mitments under an international climate agreement last?
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The arguments above pull in opposing directions. On the one hand, 
I have argued that because the future is uncertain, with aggregate and 
country-specifi c preferences and shocks that are realized only gradu-
ally over time, any agreement should be updated periodically. This 
may be easiest to do if an agreement is set to expire, making it natural 
to negotiate a successor. On the other hand, I have also argued that 
frequent negotiations tend to distort countries’ strategic policies, since 
getting a better bargaining position then becomes relatively more 
important for each country. The more frequently an agreement is rene-
gotiated, or the shorter its time horizon, the more domestic policies 
become distorted. This implies, for example, that countries are going 
to invest less in abatement technologies if an agreement is short-lived. 
To mitigate this problem, agreements should last longer.

The choice of time horizon should balance these two concerns. For 
example, if the future is highly uncertain, the fi rst argument dominates 
and the time horizon should be shorter. If investment in R&D and 
technology development is perceived to be crucial, the second argu-
ment dominates and the optimal time horizon is longer. The optimal 
time horizon may also depend on other aspects of the situation. For a 
detailed analysis, see Harstad (2009), Frankel (2007) and Guriev and 
Kvasov (2005).

The choice of a time horizon is also related to the number of 
countries that participate. If every single country is participating, the 
optimal time horizon should be long, to make it harder for coun-
tries to opt out at the next turning point and to mitigate the hold-up 
problem described previously. If, instead, only a few countries partici-
pate, the time horizon should be shorter to facilitate the entry of new 
participants. If a country is one of only a few participants, then it may 
be motivated to invest in R&D by the possibility that, with new and 
better technology, outsiders may fi nd it worthwhile to enter the agree-
ment later on. So, where participation is limited, a short time horizon 
may increase incentives for investment in R&D.

There is also a reverse causality to be considered in the sense that 
a pre-specifi ed time horizon may affect the number of participants. 
Suppose that every potential participant realizes that if only a few 
countries show up, the agreement is going to be short-term, just as 
recommended and predicted above. This fact makes it less tempting to 
opt out: with a shorter time horizon, the hold-up problem is large, and 
it will not take long before every country is called upon to  participate 
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once again. By coming to the negotiation table immediately, the 
time horizon may end up being longer, solving the underinvestment 
problem and leading to a more effi cient agreement.

This effect can be further exploited when designing a climate treaty. 
If the time horizon of the treaty is a fi xed, increasing function of the 
number of participants, countries are motivated to participate not only 
to reduce pollution, but also to reduce the future costs of bargaining. 
For this reason, it may be wise to commit to such a rule in advance, 
making clear to everyone that increased participation will be rewarded 
and will result in a more effi cient agreement.

What if negotiations fail?

It happens again and again: international negotiations do break down. 
The effect of a break-down varies, however. When the Doha-round 
trade negotiations appeared to break down in July 2008, the outcome 
was simply the continuation of an existing set of trade agreements. 
If, instead, current international climate-change negotiations break 
down, the outcome is going to be no agreement at all, since the Kyoto 
Protocol commitments are set to expire. Thus, the “default outcomes” 
for the two bargaining games are quite different.

Is the default outcome of importance even if negotiations succeed? 
Yes—because it determines the allocation of bargaining power. The 
explanation relates to the reasoning outlined previously. If current 
climate negotiations break down, a country that has poor abatement 
options has less to lose since it would, in any case, fi nd it quite costly 
to implement its obligations. And, as discussed above, a country that 
is comfortable with the status quo (“status-quo-biased”) has a better 
bargaining position. If, instead, the default outcome were today’s com-
mitment levels, a participating low-tech country would not necessarily 
be in a better bargaining position, since it would still face costly abate-
ment obligations, whether or not current negotiations succeed. Thus, 
if the default outcome is the continuation of existing agreements, 
instead of no agreement at all, a country cannot increase its bargaining 
power simply by investing relatively little in R&D. Similarly, invest-
ments in climate-change adaptation will not boost a country’s bar-
gaining power, because adaptation does not make a country relatively 
better prepared for a default outcome that consists of returning to the 
previous agreement (instead of no agreement at all).
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This argument suggests that the default outcome should be the con-
tinuation of previous agreements, rather than no agreement at all. The 
policy recommendation is thus to update agreements by renegotiating 
them, not by letting them expire and negotiating a new agreement 
from scratch. This approach has worked well for international trade 
agreements, and is likely to work for climate agreements also.

What is the very best default outcome? This question is studied in 
the literature on “renegotiation design” (see e.g. Aghion, Dewatripont 
and Rey 1994). For climate politics, Harstad (2009) shows that the 
ideal default outcome is a very ambitious agreement. Then, countries 
are likely to renegotiate the agreement towards a weaker set of com-
mitments. In this bargaining game, it is the low-tech countries that are 
most eager to reach agreement, since they would fi nd it very costly to 
comply under the default outcome. Thus, the high-tech countries are 
in a better bargaining position, and can expect to have the upper hand 
when negotiating a new, more reasonable, agreement. Under these 
conditions, a country that is concerned with its future bargaining posi-
tion should invest more in R&D, not less. These investments are going 
to be larger the more ambitious the default agreement is. Since invest-
ments in R&D should, from a social point of view, be larger if there 
are large spillovers between countries, the default agreement should 
be more ambitious if international patent protections are imperfect 
(Harstad 2009).

The optimal default outcome for a climate treaty is also related to 
its time horizon, as discussed above. If the time horizon is short, the 
countries will be particularly eager to distort their policies in order to 
gain bargaining power. It is then especially important that the default 
outcome is ambitious.

Majority rules

Unanimity is typically required for the implementation of international 
treaties. Trade treaties, for example, are often stymied by just a couple 
of countries that resist the external pressure to reach agreement. At 
fi rst sight, the unanimity requirement is fairly natural, and perhaps 
inevitable when it comes to international cooperation, since there is 
no third party (or world government) that could coerce sovereign 
countries to implement decisions they do not like. On the other hand, 
unanimity is by no means always required for international decisions. 
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The UN applies majority rules for several types of decisions. The EU 
has, over time, replaced the unanimity requirement with majority rules 
for more and more types of decisions (Nugent 2003). Hence, it is not 
at all obvious that every agreement should be approved unanimously, 
particularly not when it comes to modifying or updating existing 
agreements. Countries may agree unanimously today that decisions in 
the future should be made according to weaker majority requirements. 
In fact, the Kyoto Protocol (Article 20) explicitly states that amend-
ments can be adopted by a three-fourths majority vote.

It is the unanimity requirement that creates the bargaining costs 
discussed above. As argued previously, each country may try to 
infl uence its future bargaining power by (1) investing little in R&D, 
(2) focusing more on adaptation, (3) signaling reluctance to join a 
climate agreement, or (4) strategically delegating negotiation deci-
sions to status-quo-biased representatives. These strategies enhance a 
country’s bargaining power when every vote is needed for the treaty to 
be implemented, setting up the expectation that countries reluctant to 
join the agreement will be somehow compensated by those that desire 
agreement more. On the other hand, if unanimity were not required, 
this strategy would not work. A yes-vote from the most reluctant 
country would not be necessary, and it would be easier to get the 
necessary votes from less reluctant countries. The countries that have 
the least to gain from an agreement would thus be excluded from the 
“majority coalition”—the group of countries that get together in an 
attempt to pass the proposal.3 Underinvesting in R&D then becomes 
a risky strategy: it may be wiser for a country to invest more to ensure 
that its vote and voice are taken seriously when a majority coalition 
forms among the most enthusiastic countries or representatives. Using 
a formal model, Harstad (2005) shows it is better to be part of the 
majority coalition when the majority required to reach agreement is 
small, because then majority parties do not have to compensate all the 
“losers.” This in turn creates incentives for a country to invest more in 
R&D in preparing for the collective project, in hopes that it will not 
be excluded from the majority coalition. If the majority requirement is 
small enough, countries will invest the socially optimal amount.

For similar reasons, relaxing the unanimity requirement is also 
helpful when countries strategically appoint their representatives to 

3 This is a well-known result from e.g. Ferejohn, Fiorina and McKelvey (1987).
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improve their bargaining position (Harstad 2008b). Schelling (1956) 
suggested that, in a situation where unanimity is required, it may be 
wise for a country to appoint a status-quo-biased representative (less 
worried about climate change), since such a tough negotiator will 
enhance the country’s bargaining power. If all countries appoint reluc-
tant negotiators, the resulting agreement, if any, will certainly not be 
very ambitious (Buchholtz, Haupt and Peters 2005). If the majority 
requirement is smaller, however, a reluctant delegate may be excluded 
from the majority coalition, and it may be wiser to appoint a repre-
sentative that is somewhat more enthusiastic about the project, since 
she is going to have a greater chance of playing an important role in 
the majority coalition.

Note that using majority rule, instead of requiring unanimity, is a 
strategic substitute to the other rules above: it is particularly impor-
tant to encourage R&D by reducing the majority requirement if the 
agreement otherwise would lead to underinvestment in R&D. This is 
the case, as already noticed, if (1) no formulas (or harmonization) are 
required, (2) the time horizon is short, and (3) the default outcome is 
no agreement at all. Thus, while a long-term agreement may do fi ne 
with a unanimity requirement, short-term agreements should relax 
this requirement.

Minimum participation rules

A minimum participation rule specifi es how many countries have to 
ratify a treaty before it becomes binding on anyone. If the number of 
countries that end up ratifying the treaty is larger than the minimum, 
then the agreement enters into force; if not, no one needs to comply. 
Most environmental agreements do have a minimum participation 
rule, although the specifi ed threshold varies quite a lot (Barrett, 2005). 
The Kyoto Protocol, for example, entered into force only if 55 percent 
of the countries, responsible for 55 percent of total CO2 emissions, 
ratifi ed the treaty.

There are two main rationales for including a minimum participa-
tion rule in an environmental treaty. First, it may serve as a coordina-
tion device. It may simply not be worthwhile for only a few countries 
to implement policies that are radically different from those of other 
countries. Developing and introducing new technologies, for example, 
may require substantial expenditures that are independent of the 
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number of countries that end up using the technologies, and this may 
be worthwhile only if the number of participants is suffi ciently large. 
A minimum participation rule could then work as a form of insurance 
for countries that fear to bear these costs alone. The use of minimum 
participation rules as a coordination device is further discussed by 
Barrett (2005).

Another rationale for adopting minimum participation rules is to 
discourage free riding (Carraro, Marchiori and Oreffi ce 2004; Harstad 
2006). If a country realizes that unless it ratifi es a treaty domestically, 
other countries are not committed either, it becomes impossible to free 
ride on other countries’ participation. Thus, the minimum participa-
tion rule can make each potential member pivotal for an agreement 
to enter into force. This was the situation for Russia when it contem-
plated whether to ratify the Kyoto Protocol. If it were not to have 
signed, too few countries would have ratifi ed, and the Protocol’s emis-
sion commitments would not have been binding for anyone.

What should the minimum participation requirement be? The trade-
off is the following: if the requirement is small, the outcome may be 
that only a small number of countries end up participating, since the 
agreement will then enter into force even if other countries decide to 
free ride. On the other hand, it is very likely that such an agreement 
will enter into force for at least some countries. If the participation 
requirement is too large, the problem could be that this threshold may 
not be possible to reach and, consequently, the agreement will not 
end up being binding on anyone. Clearly, this possibility is less likely 
if potential members fi nd the agreement very attractive for various 
reasons. For example, if only ratifying countries can obtain favorable 
trading partner status, participation would be more attractive and the 
minimum participation rule could be larger.

Rules for entry and exit

The rules above can govern not only how an agreement should be 
negotiated or updated, but can also govern “collective” decisions 
related to the entry of new participants and the exit of current par-
ticipants. For example, should entry of new participants be allowed 
at any point in time, or only at points in time when the current agree-
ment expires or must be updated? The question may sound trivial: a 
fi rst guess is that one should clearly welcome new participants at any 
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point in time. It is certainly better for the existing participants if more 
countries choose to contribute to abatement efforts. This appreciation 
for new participants is also, of course, going to be refl ected when the 
potential entrant negotiates its entry conditions. Since every existing 
member welcomes new members and the default outcome (if negotia-
tions fail) is likely going to be the continuation of the current agree-
ment, new entrants are in a great bargaining position and may realize 
that they can manage to negotiate quite attractive entry conditions. In 
fact, entry conditions for a new participant may be much better than 
if participation had been negotiated at the point in time when other 
countries fi rst signed the agreement, since at that time the default 
outcome would not asymmetrically favor the current entrant. Hence, 
an individual country, instead of signing initially, may be better off 
waiting until a later point in time before negotiating its entry. Thus, 
anticipating easy entry later on makes it tempting not to enter at the 
initial negotiation stage. How can this kind of free riding be pre-
vented? It may help to apply the rules discussed above.

Suppose the time horizon of the treaty defi nes the points in time 
at which entry is possible. If the time horizon is long and a country 
cannot expect to enter at any earlier point in time, that country may 
think twice before opting out at the initial bargaining stage. The 
default outcome is also important: if all parties revert to the exist-
ing agreement if negotiations with a potential entrant fail, then the 
potential entrant is in a good bargaining position, since the default 
outcome for that country is quite attractive as well. In this case, the 
entrant is likely to get a good deal in the bargaining process, and post-
poning its entry is indeed going to prove worthwhile. If instead the 
default outcome is no agreement at all, a new entrant may be willing 
to contribute more to ensure that negotiations succeed; it may then 
not end up with a better deal than if it had chosen to participate from 
the outset. If unanimity is required for a new entrant to be able to 
participate, the full set of participants is going to require more from 
the entrant than if only a majority were enough to allow entry. Thus, 
if only a small majority is required to permit new members to enter, it 
is more attractive to enter later. Finally, if harmonization is required, 
or a formula is used, the conditions for entry are not negotiable. In this 
case, there is no point to postponing participation.

To summarize, the new potential entrant has low bargaining power 
if it can enter only at certain (infrequent) points in time; if the default 
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is no agreement at all rather than the existing agreement; if every 
participant can veto a potential entry; and if a specifi ed formula deter-
mines all contribution levels. In these cases, countries may not benefi t 
much (if at all) by postponing their entry into the agreement. The 
drawback of these rules, however, is that late entry is less desirable—
thus, a country may not be willing to enter later if, for some reason, it 
did not enter at the very fi rst stage.

It may be less relevant to defi ne the rules for exit. In international 
politics, nothing may prevent a sovereign country from leaving an 
agreement at any point in time, should it desire to do so. Moreover, 
a country may be more tempted to opt out if the time horizon is 
long (and the agreement cannot be updated to meet countries’ new 
demands); if the default is an ambitious agreement; if a decision was 
taken by a majority and not consensus; and if a formula is used (par-
ticularly if harmonization is required). Hence, each of the rules recom-
mended above makes it more likely that someone will be tempted to 
exit the agreement. For this reason, it is immensely important to fi nd 
ways to discourage exit and make participation more attractive.

Linkages to trade agreements

Should environmental agreements be linked to trade agreements? 
This is a controversial issue. Exchanging favors to overcome differ-
ences on political issues is often known as horse-trading, logrolling, 
or bundling agreements. This process can be perceived negatively as a 
way of opening the door to threats, hold-ups, or even corruption—or 
it can be viewed positively as an opportunity to share favors and inject 
effi ciency-enhancing “oil in the negotiation machinery.” There are 
several possible types of linkages, and there are a number of argu-
ments for and against each of them. This section discusses three pos-
sibilities and relates them to the discussion above.

Enforcing patents and subsidizing technology

Since a major cost of anticipating negotiations is that countries under-
invest in R&D, it is important to encourage such investments directly. 
One way of doing this is to enforce intellectual property rights: if other 
countries must pay the innovator to learn and benefi t from potential 
technological spillovers, the innovator is rewarded—anticipating 
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this, every country invests more in R&D. Furthermore, it may be 
possible to subsidize R&D investments directly. Clearly, this must be 
done at the international level, since each national government prob-
ably does not perceive its own chosen investment level as being too 
low. A diffi culty with such subsidies is that it may be hard to verify 
domestic investment levels and thus how much a country should be 
granted in subsidies. However, if a country did in fact invest a lot, it 
may end up exporting abatement technology to other countries, and 
these export fl ows are simpler to measure and verify. By subsidizing 
trade in abatement technology, one may be able to encourage R&D. 
To be specifi c, all countries may benefi t by collectively removing 
tariffs and adding subsidies on low-carbon technologies, such as solar 
panels, while at the same time enforcing intellectual property rights 
for such technologies. This would make it more attractive to develop 
new technology, since one can expect a better price when selling the 
resulting products to other countries. To some extent, therefore, such 
subsidies mitigate the underinvestment problem emphasized previ-
ously. The underinvestment problem is particularly severe if the rules 
I have recommended are not followed—that is, if (1) harmonization 
is not required, (2) the time horizon is short, (3) the default outcome 
is no agreement at all, and (4) unanimity is required. In these circum-
stances, it is particularly important to enforce intellectual property 
rights, eliminate tariffs on trade in abatement technology, and sub-
sidize such trade or subsidize R&D investments directly. In other 
words, these policies are “strategic substitutes” to the rules discussed 
in the foregoing section.

Trade linkages and participation

The most straightforward type of linkage may be “joint membership”—
if you sign here, I sign there. In other words, a country may be allowed 
to participate in a certain trade agreement (or in a certain free-trade 
area) only if it also participates in a particular climate-change agree-
ment. This would make it more costly to not participate in the latter, 
and would thus tend to increase the number of signatories. As is 
well-known, Russia’s ratifi cation of the Kyoto Protocol was not unre-
lated to its entry into the WTO and the EU’s support for this. The 
disadvantage of bundling trade and environmental agreements is, of 
course, that countries that nevertheless choose to opt out of a climate 
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agreement are going to be subject to distorted and socially costly trade 
barriers. Undermining international trade could then be an additional 
and costly price for a failed climate agreement.

On the other hand, linking trade and environmental agreements 
makes it less attractive to opt out of an existing climate agreement 
(Carraro and Marchiori 2004; Cesar and de Zeeuw 1996). This is 
important, since increasing the temptation to opt out is the main 
drawback of enforcing any of the rules described previously. If uni-
formity is required, or if the treaty uses formulas to specify a certain 
distribution of the costs, individual countries may threaten to exit 
(Hoel, 1992). No matter how complicated the formula, it may be 
unable to accommodate a country’s sudden need for a higher (less 
stringent) emissions quota. If other participants insist, in such a situ-
ation, that the formula be applied nevertheless, the country that is 
affected by the shock may credibly threaten to exit the entire agree-
ment. If, instead, other participants give in by offering a better deal to 
the affected country, the formula becomes less effective and, because 
countries anticipate future exceptions, has less value as a mechanism 
for discouraging individual countries from focusing on their relative 
bargaining positions.4 Relatedly, with a long time horizon, certain 
countries may eventually fi nd the agreement unattractive, unless it 
can be renegotiated, and they may threaten to opt out. If the default 
outcome is an ambitious agreement, it may be that countries—seeking 
to renegotiate—would rather opt out than participate in the default 
agreement. The effective default, in this case, might be the current 
agreement minus the country that is leaving the agreement. Or, if 
the exit of one participant causes everything to unravel, it may be 
no agreement at all. Thus, the problem with an ambitious default 
agreement is that countries may prefer to opt out, making the default 
outcome less credible. Relaxing the unanimity requirement may also 
induce countries to opt out. Suppose the United States, for example, 
casts its vote against a proposed update of an existing climate agree-
ment. Is it reasonable to think that the other participants can nev-
ertheless force the United States to ratify the modifi cation? If the 
modifi cation is perceived to be major, the United States may threaten 

4 This second route was taken in the negotiation of Kyoto commitments, where 
several countries ended up being exempted and the target for industrialized coun-
tries varied between −8 percent and +10 percent of the 1990 emission levels.
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to leave the agreement entirely should the update be adopted. If such 
a threat were credible, unanimity is in effect required for the update to 
take place, no matter the requirement formally specifi ed by the treaty 
(Maggi and Morelli 2006).

For all of these proposed rules to work, it is thus crucial to reduce 
the temptation to opt out. If participation is more attractive because 
it is linked to trade agreements, the rules discussed above are more 
likely to be credible. In that case, exemptions from specifi ed formulas 
may not be necessary to induce participation; the time horizon can 
be long without fear that countries will opt out part-way; negotiating 
countries may take seriously an ambitious default agreement; coun-
tries may obey collective decisions even if they are not unanimous; and 
the minimum participation requirement can be large and still be met. 
In short, linking participation in a climate treaty to trade agreements 
complements the rules discussed above, making each of them more 
credible and effective. Without such linkages, the rules above might 
be impossible to use, and the drive for bargaining power could under-
mine the value of climate agreements.

Trade sanctions and compliance

Before closing, it is worth mentioning another advantage of bundling 
trade and environmental agreements. One issue largely overlooked 
in this chapter is compliance. After an agreement is signed, it may 
be tempting for a country to break its promises, particularly if the 
consequences of doing so are negligible. Indeed, the consequences for 
non-compliance are likely to be small, since, as mentioned already, 
no third party is in a position to enforce agreements signed by sover-
eign countries. One may at best try to impose some ad hoc sanctions 
on those not complying. Under the Kyoto Protocol, for example, a 
country that fails to comply in the fi rst commitment period is required 
to make up the difference plus an additional 30 percent. However, 
such a rule only delays the compliance problem; for what prevents a 
country from failing to comply with the penalty as well as with the 
original obligation? Ultimately, the sanctions for non-compliance 
must be more credible than they were in the case of Kyoto. In inter-
national politics, relatively few sanctions are available. Fortunately, 
trade sanctions have already proved effective in motivating countries 
to comply with trade commitments, at least to some degree. Trade 
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sanctions could similarly be used to threaten countries that fail to 
comply with  environmental treaties (Barrett 1997). Certain environ-
mental agreements, like the Montreal Protocol, do indeed refer to such 
sanctions. Trade sanctions may, in the end, be the only way of ensur-
ing that ambitious environmental commitments are worth complying 
with—even after the deal is signed.

Conclusions

Climate change agreements should and will be updated over time. If 
no rules govern this negotiation process, bargaining power is crucial, 
and countries are induced to under-invest in R&D, overinvest in adap-
tation, signal reluctance to participate, or appoint representatives that 
are known to be reluctant to participate in climate agreements. These 
strategies create costs associated with the negotiation process—costs 
that can potentially be larger than the benefi ts of reaching an agree-
ment in the fi rst place. The lesson from this is not that agreements 
should not be negotiated, but that one should pay attention to the 
rules governing the negotiation process.

This chapter has discussed fi ve such rules. Requiring harmonization 
or applying certain formulas for allocating commitments under an 
agreement is one way of improving the bargaining game. If a formula 
is used to determine the distribution of emission quotas, it is hard for 
an individual country to affect its share of the burden, and strategic 
concerns are not likely to be very detrimental. Harmonization obvi-
ously imposes its own costs if countries are heterogeneous, but for-
mulas can be cleverly designed (to depend on GDP and growth, for 
example) to mitigate these costs.

Rule number two is that a treaty should have a long time horizon. 
This reduces the frequency with which the agreement needs to be 
renegotiated and means that countries’ strategic motives are less dis-
tortionary. The time horizon should also be longer if a larger number 
of countries are participating in the agreement.

The third rule concerns the default outcome: what should happen 
if (re)negotiations fail? If the default outcome in this case is a return 
to the previous agreement (as is generally true for trade agreements), 
then countries’ incentives to gain bargaining power are less distortion-
ary than if the default is no commitment at all (as is true for current 
climate negotiations). The ideal default outcome is actually a more 
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ambitious agreement, since this would give high-tech countries the 
most bargaining power and induce countries to make advance invest-
ments in R&D as a means of gaining bargaining strength.

Unanimity means that everyone must agree, and it is exactly this 
requirement that allows individual countries to benefi t from greater 
bargaining power. If unanimity were to be replaced by majority rule 
(or some supermajority requirement) when it came to updating agree-
ments, the strategic considerations would be mitigated and could vanish 
entirely. Finally, a minimum participation requirement, specifying the 
number of countries that must ratify the treaty before it enters into 
force, is capable of reducing free riding and encouraging participation.

Each rule can be implemented even if the others are not. In fact, the 
rules proposed in this chapter are “strategic substitutes” in that each 
rule is more important if the other rules are not implemented. For 
example, it is more important to apply formulas to allocate burdens if 
the time horizon of each commitment period is short.

For all these rules, the chief problem is that they may not be cred-
ible ex post, if a country later threatens to exit the agreement unless it 
gets a better deal. To reduce the likelihood (and the credibility) of such 
threats, it may be necessary to bundle the environmental agreement 
with a trade agreement. If a country cannot exit one without exiting 
the other, it will be less tempted to opt out, implying that the rules 
discussed above become more credible and effective. Thus, linking to 
trade agreements complements each of the rules above. Despite their 
obvious drawbacks, such linkages may therefore be necessary to cred-
ibly commit to a long time horizon, an ambitious default outcome, 
the best voting rule, and the optimal formula for burden sharing. In 
addition, linking to trade agreements may be the only way of ensuring 
that participants prefer to comply with their commitments—even after 
an agreement is signed.

Appendix: The need for updating and economic instruments

Any agreement will need to be updated over time, no matter the choice 
of policy instrument used to implement the agreement. Suppose, for 
instance, that abatement technology improves over time. Since the 
cost of abatement decreases, it becomes optimal, from a social point 
of view, to further reduce emissions. With a quota system, the total 
number of emission permits should decline from q to q’, say. This 
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change is illustrated in Figure 9.A1 above, where the horizontal axis 
measures the quantity of emission. If, instead, emission taxes are 
used, the optimal tax decreases from t to t’ in the same fi gure. The 
reason for this is that with better abatement technology, pollution 
declines, and the social marginal cost of pollution is likely to decline. 
Suppose, next, that the climate problem becomes more severe. Since 
the social cost of pollution jumps up, it is optimal to reduce pollution. 
Under a quota system, the total number of permits should decline 
from q’ to q’’. If emission taxes are used, the optimal tax increases 
from t’ to t’’. Thus, the policy needs to be updated whether or not 
changes take place in technology, severity of pollution, or the use of 
emission taxes or quotas (or changes in whether or not the permits 
are tradable).

Nevertheless, the choice of instrument may be crucial for how often 
and how much the agreement ought to be updated. It may be reason-
able to expect that, over time, the climate problem will become more 
severe and abatement technology will improve. By combining the sug-
gestions in the previous paragraph, the total emissions quota should 
be reduced by quite a lot, from q to q’’. If a tax is used, however, it 
may increase or decrease, depending on which of the two forces is 
strongest. In Figure 9.A1, the tax should change only slightly, from t to 
t’’. Thus, a tax system might be in less need of updating than a quota 
system. Non-tradable permits may be the most in need of updating 

Quantity

Social cost

Abatement cost

q’’    q’       q

t
t’’
t’

Figure 9.A1 If the social cost of pollution increases while abatement costs 
decrease, the total number of quotas should decrease (from q to q’’), but an 
emission tax may not change much (only from t to t’’)
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over time, since the optimal distribution of quotas ought to change as 
soon as different countries develop different capacities to abate.
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10 Metrics for evaluating policy 
commitments in a fragmented 
world: the challenges of equity 
and integrity
Carolyn Fischer and 
Richard D. Morgenstern1

Executive summary

Despite uncertainties about the nature and stringency of commit-
ments in future climate change agreements, some things are clear: 
the international negotiations not only will include national targets 
and timetables, but also will have to take account of diverse policies 
and measures undertaken by individual nations, including developing 
countries. The international community will face twin challenges of 
judging the equity and integrity of various national proposals.

Ex post, determining whether particular policies have been imple-
mented is a relatively simple matter, even though assessing their effec-
tiveness is not always straightforward. Ex ante, however, the integrity 
of the international process requires at least some evaluation of the 
policies and measures proposed by individual nations to estimate 
their likely impacts. The absence of such evaluation may handicap the 
negotiators in reaching credible agreements.

The current system for reporting national actions to the interna-
tional community is highly non-uniform and insuffi cient to  understand 
differences among countries’ policies and their effectiveness. Thus, a 
fi rst order of business should be the development of a much tighter, 

1 The authors are Senior Fellows at Resources for the Future, Washington, D.C. 
Portions of this chapter are drawn from an unpublished manuscript by Fischer, 
Jacoby, and Morgenstern (2005) that was presented at a meeting of the Climate 
Policy Network in Sardinia, Italy, on September 7, 2005. Capable research 
assistance was provided by Danae Wethmann. The authors are grateful to 
Joe Aldy, Rob Stavins, Richard Baron, Aaron Cosbey, Peter Wooders, and an 
anonymous reviewer for helpful comments.
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narrowly defi ned set of guidelines designed to refl ect genuine differ-
ences in activities among nations.

The problem with evaluating equity is that clear metrics are rarely 
fair, and fair metrics are rarely clear. Certain metrics, like emissions 
per unit of Gross Domestic Product (GDP), population, or historical 
emissions, are straightforward to calculate and generally informative 
but they are imperfect indicators of burden. Other metrics, like emis-
sions reductions or total costs of policies undertaken, are unlikely 
to be reported reliably. The metric of marginal abatement costs—at 
least among market-based policies—has the advantage of indicating 
the cost-effectiveness of the international distribution of effort. It is 
also an important indicator of the competitiveness impacts of climate 
policies vis-à-vis trading partners. We recommend greater focus on 
this measure, but note the diffi culty in attributing the marginal costs 
of nonmarket-based policies, especially ineffi cient measures. The key 
question is what carbon price would achieve the same reductions 
as the suite of policies selected, either by sector or for the whole 
economy. This would be analogous to the calculation of the level of 
effective protection applied in analyses of trade disputes.

Evaluating the integrity of the commitments involves both ex post 
verifi cation of performance—essentially compliance—and the ex ante 
challenges faced by international negotiators in comparing dissimilar 
policies and measures. For ex post verifi cation, the simplicity of an 
aggregate, economy-wide emissions target, or even one expressed 
as emissions intensity, is quite appealing. Existing data and report-
ing systems are certainly compatible with such approaches. When 
subnational or specifi c regulatory or voluntary policies are used, the 
commitment should be expressed as a transparent, verifi able goal, 
such as a fuel effi ciency standard or level of technology deployment. 
However, while such goals may be clear, their effects on emissions 
are less transparent. Therefore, descriptive, institutionally oriented 
information must be supplemented with detailed data on the actual 
implementation and performance of these measures. Focusing on 
specifi c emissions goals as opposed to regulatory standards can help 
avoid excessive reliance on model-based counterfactuals. Research 
and development (R&D) programs are by their long-term nature dif-
fi cult to compare with near-term emissions targets, but these activities 
should at least be made more comparable across countries. We see 
no alternative to relying on actual expenditure and deployment data, 
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although care should be taken to link such data to specifi c program 
activities and to include transparent baseline information.

Assessment of the integrity of ex ante commitments is, perhaps, the 
most important but also the most problematic area. The greatest chal-
lenges are associated with the unavoidable need to model counterfac-
tuals against which efforts can be measured, with all the attendant 
complexities. New guidelines should focus on greater transparency in 
methods, models, and data and emphasize standardization in method-
ologies to improve the consistency of analysis across sectors, policies, 
and countries. Another priority is the strengthening of the mandate 
of the international experts who evaluate the submissions. The 
current practice of peer review by the UN Framework Convention 
on Climate Change (UNFCCC) is far too loose an arrangement for 
the reports to be credible inputs to climate negotiations. Other inter-
national processes may provide lessons for evaluating the quality, 
consistency, and value of the estimates of ex ante commitments, but 
the UNFCCC process arguably requires a stronger framework than 
exists in these precedents. A strengthened and improved reporting 
and evaluation framework should harness and empower independ-
ent institutions, international organizations, academic researchers, 
and other third-party actors. The reporting and review mechanism 
should include more specifi c obligations, independent peer reviews 
using consistent methodologies for quantitative as well as qualitative 
analyses, publicly available reports and data, and a mechanism for 
periodic review of the process. The collection of information must be 
expanded beyond emissions to include a variety of objective, quanti-
tative measures and data on implementation, as well as guidelines for 
and transparent descriptions of the modeling and analysis to judge 
the effectiveness of the activities. Since agreement on a single metric 
of national contributions is unrealistic, agreement on a common, 
consistent, and credible set of indicators should be prioritized to build 
the foundation of trust and transparency needed to underpin multi-
faceted commitments.

Introduction

Effective strategies to address global climate change require collec-
tive effort on the part of many countries over an extended time and 
across a range of activities. The Bali Action Plan, for example, calls 
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for action on mitigation, adaptation, technology, and fi nance—with 
each implying a different suite of policies and contributions. In the 
early stages of policy development, nations and groups of nations 
may take action more or less independently of one another, as is 
happening now. The specifi c policies and measures that have already 
been adopted to address climate change in different countries or 
regions are quite diverse; they include cap-and-trade programs to 
cover at least a major portion of greenhouse gas (GHG) emissions, 
as well as additional regulatory, voluntary, technology, and infor-
mation-oriented activities. Over the longer term, however, progress 
toward any GHG stabilization goal is going to require increasing 
levels of international burden sharing and a more formal structure. 
Agreement will be worked out in a sequence of international nego-
tiations, within which the twin issues of equity and integrity will be 
central features.

The challenges of moving ahead in a world of diverse policies are 
illustrated by a simple story:

Two individuals are approached on the street by a sympathetic homeless 
person seeking assistance. Individual A, an established professional with 
a relatively high income, proposes to rent the homeless person an apart-
ment for six months. Individual B, a younger, struggling academic, offers 
to donate $100. Regrettably, neither one can make good on the offer 
immediately. However, they both agree to return to the same location at an 
appointed time the following year to complete the transactions.

How can one evaluate the fairness of the relative contributions of 
individuals A and B? If A provides free apartment rental, should B give 
more than $100? Are the income differences between them the only or 
even the most important determinant of their relative contributions? 
How about differences in wealth, health, family responsibilities, life 
expectancy, prior support of similar causes, or other factors? In the 
sixteen years since the phrase “common but differentiated responsi-
bilities” was adopted in Article 3 of the United Nations Framework 
Convention on Climate Change (UNFCCC), little consensus has 
emerged on either the concepts or the metrics of fairness to be used in 
future international climate negotiations.2

2 See Cazorla and Toman (2001) for a review of a dozen alternative equity crite-
ria for climate change policy. See Baer et al. (2000) for a defense of an equal per 
capita emisisons approach and Bodansky (2004) for a survey of approaches.
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A second issue, involving the integrity or credibility of the commit-
ments countries accept as part of a post-Kyoto climate regime, has 
two elements. On the one hand, we must be able to ascertain whether 
agreed-upon pledges are fulfi lled. Transactions should be monitored 
ex post to verify that individuals A and B showed up at the appointed 
time and made their stated contributions without added conditions. 
Similarly, the Bali Action Plan calls for activities to be “measurable, 
reportable, and verifi able,” although the precise meanings of those 
terms have yet to be defi ned (Ellis and Larsen 2008). Credible inter-
national reporting systems must verify that particular policies were, in 
fact, put in place and/or that overall emissions targets have been met, 
either domestically or with the assistance of trade in credits supplied 
and verifi ed abroad.3

On the other hand, the process lacks integrity without at least some 
ex ante evaluation of the likely impact of policies and measures pro-
posed by individual nations. Yet such an evaluation requires making 
diffi cult assumptions and using complex modeling techniques. How 
can one compare the proposal to rent an apartment made by A with 
the $100 offered by B? Although we can readily determine the average 
rent of an apartment in the area, absent additional information we 
don’t really know what A had in mind. A rooming house in a slum? 
A luxury unit in a high-rent area? Similarly, as we move away from 
a strict targets-and-timetables framework for structuring mitigation 
commitments toward an approach that emphasizes a portfolio of 
 policies—presumably those around which there is a domestic consen-
sus—the specifi cs of the proposed policies loom larger and the need for 
an ex ante assessment of their emissions implications becomes greater.

In a world of diverse policies, the challenge for the international 
community will be to judge the comparability and integrity of various 
national proposals. Over time, proposed policies may become more 
uniform, thus diminishing the need for such analyses, but at least 
in the current phase of international negotiations, a useful input 
to the process would be some means of talking in a coherent and 
widely accepted fashion about what individual nations or nation 
groups are doing or proposing to do to help reduce climate risk. 
Unfortunately, the current reporting framework, designed to support 

3 For example, credits may be available from the Clean Development Mechanism, 
Joint Implementation, or Assigned Amount Units.
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Kyoto  commitments to national-level emissions targets, is inadequate 
to evaluate the effectiveness of policies and measures other than a cap 
(Ellis and Larsen 2008).

In this chapter, we explore various metrics that may provide a 
framework for evaluating policy commitments, short of (or in addition 
to) a fi xed GHG quantity target. As noted, our focus is on the twin 
challenges of assessing equity and integrity with respect to climate 
mitigation commitments. Although many of the lessons that emerge 
from this analysis also apply to evaluating commitments related to 
adaptation, technology, and fi nance, our focus is on commitments to 
reducing emissions.

The next section provides relevant background. We then address the 
issue of equity in some depth and consider alternative approaches for 
evaluating and comparing efforts at the national level. A subsequent 
section focuses on the integrity of commitments, including a discussion 
of the relatively straightforward issue of ex post verifi cation, as well 
as the more complex problem of ex ante assessment. Also included in 
this section is a review of current experience with national reporting 
on policies under the UNFCCC framework. The fi nal section offers 
recommendations for reform of the current system.

Background

The Berlin Mandate, adopted by parties to the UNFCCC in the fi rst 
Conference of the Parties (COP l), called for the elaboration of poli-
cies and measures and the setting of quantifi ed emissions limitation 
and reduction objectives over specifi c timeframes. The implication was 
that these policies and measures would be common or uniform across 
nations. That is, parties to an agreement would be instituting roughly 
the same kinds of policies, and the quantifi ed emissions limitation and 
reduction objective that was accepted for each country would be the 
main indicator of effort.

Under the Kyoto Protocol, the concept of formally crediting poli-
cies was abandoned, but the idea of fi xed national emissions quantity 
targets and timetables was maintained as the principal indicator of 
country-level effort or contribution. Indeed, countries’ willingness 
to accept more or less demanding mitigation obligations—whether 
refl ected in future emissions targets or in the nature and stringency of 
policies that may substitute for fi xed national quantity targets—is the 
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main question at issue in the potential negotiation of a second Kyoto 
commitment period. Although a nation’s Kyoto obligation can be 
met by increasing carbon sinks and purchasing credits from countries 
outside the boundaries of participating Annex B nations, the current 
Protocol has no provisions to credit specifi c policies and measures 
that nations may undertake. Nor is there evidence of planning among 
international agencies about how this would be done. Yet the issue of 
how to quantify diverse or uncommon policies is likely to become a 
signifi cant issue in future international discussions.

Despite numerous uncertainties about the nature and stringency of 
commitments in future climate change agreements, one characteris-
tic of coming discussions seems clear: the negotiations may include 
national targets and timetables, but they also will have to take account 
of specifi c policies undertaken by individual nations, including those 
inside the current Kyoto group, as well as developing countries and 
others outside the group. Indeed, countries with different perceptions 
of the issues may agree in good faith that global warming poses a 
danger. Yet even apart from concerns about the global public good 
nature of the problem, they may prefer vastly different approaches. 
These preferences may diverge because of the different socioeconomic 
characteristics of nations; the uncertain nature of the costs, benefi ts, 
and feasibility of strategies for reducing GHGs; and individual negotia-
tors’ perceptions of the risks. For example, a country that is optimistic 
about future technological potential may prefer to engage in less near-
term mitigation in favor of more R&D now and stricter caps later. A 
country that is more risk averse about dampening economic growth 
and more pessimistic about the speed of technological progress may be 
willing to accept intensity-based targets. A country that has different 
expectations about the marginal benefi ts of mitigation may be willing 
to accept a certain carbon tax (or safety valve), but may not be willing 
to risk a sharp run-up in energy costs.

Almost all nations, including developing countries, are currently 
taking some action on GHG mitigation, and each will seek credit 
for what it is doing. For example, policies being undertaken now by 
Annex B nations include the following:

pricing carbon emissions and energy (usually differentiated by • 
sector) through GHG or fuel taxes, cap-and-trade systems for carbon 
dioxide (CO2) or GHGs, or through the removal of fuel subsidies;
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subsidies to low-GHG energy supply technologies (e.g., biofuels, • 
wind) or end-use products (e.g., hybrid cars);
regulatory policies (always differentiated by sector and/or device), • 
such as consumer device performance standards (e.g., fuel economy 
standards for vehicles, building and equipment effi ciency standards) 
or portfolio standards (e.g., for electricity generation);
voluntary programs for industry (e.g., Climate Leaders, in the • 
United States) or consumer products (e.g., Energy Star labeling, also 
in the United States);
expenditures on research, development, and demonstration of low-• 
carbon technologies for energy production or end use; and
aid to other countries, which can take the form of fi nancial trans-• 
fers, technology assistance and transfer, capacity building, and 
support for adaptation.

Note that with the exception of the price measures (carbon tax or 
cap-and-trade system), the United States already has at least some 
programs in all of these areas. Furthermore, the United States has 
consistently argued that it is carrying its proper share of the needed 
global commitment. Assuming eventual enactment of a policy that 
somewhat resembles recent congressional proposals for carbon-pric-
ing programs, which are less ambitious than current or expected 
European policies but broader in scope, the United States is likely to 
make that assertion in even stronger terms. Most other non–Annex B 
nations also have activities underway in many of these domains. The 
big question is whether these diverse activities can be compared in any 
meaningful way.

Evaluating equity

Equity is a major concern in international climate negotiations, which 
are fundamentally about burden sharing. For this reason, there is a 
strong desire to compare efforts and assess whether countries are con-
tributing their fair share. Yet comparing efforts involves two kinds of 
exercises, neither of which lends itself to clear and fair metrics. The 
fi rst exercise is to compare a portfolio of disparate national policies 
according to a consistent measure that refl ects effort—for example, 
cost burden incurred or emissions reduction achieved. The second 
exercise requires placing the level of effort in an appropriate context 
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(e.g., in proportion to GDP, population, or some measure of capacity) 
that refl ects countries’ individual socioeconomic and other circum-
stances and their ability to undertake emission reductions. The basic 
problem is that clear metrics are not always fair and fair metrics are 
not always clear.

Although indicators related to effort do exist (and we discuss some 
below), none can be translated into total cost burden or expected 
emissions reduction without extensive modeling using a range of 
assumptions that reduce the transparency of the exercise. Most of 
these evaluations are conducted ex ante as part of the negotiating 
process, which requires making judgments about future actions and 
circumstances. Ex post, much of the information is observable, but 
attempting to evaluate equity or effort at that point still requires 
making assumptions about unobservable counterfactuals, such as 
what GDP or emissions would have been in the absence of the poli-
cies. Even seemingly straightforward metrics can have important 
defi nitional issues in practice that affect their comparability. And even 
reasonable measures of effort can be poor indicators of fairness.

We consider four alternative approaches to measuring climate policy 
efforts: emissions performance, reductions, total costs, and marginal 
costs. Each can provide some valuable information, but none by itself 
is terribly satisfying as a reliable measure of effort or equity.

Measurement options

Emissions performance
Inevitably, Kyoto-style fi xed quantity targets involving emissions 
reductions from a specifi ed baseline will remain part of future inter-
national discussions, whether or not commitments are negotiated in 
these terms. Measures of this type are straightforward to calculate at 
the national level with available data, at least for industrialized coun-
tries, and several comprehensive proposals have been developed (e.g., 
Frankel 2007).

However, emissions targets can be a poor indicator of effort, since 
different countries have different reduction potentials and different 
needs for emissions growth. For example, under the metric used in the 
Kyoto Protocol, the EU emissions target—at 20 percent below 1990 
levels—may look much more ambitious than a US target of reducing 
2020 emissions to 1990 levels. However, the United States has much 
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higher baseline emissions growth, which makes the reduction burden 
larger. At the same time, the United States has higher income and GDP 
growth rates, which could make reductions look more affordable. 
Developing countries that place a priority on economic growth may 
fi nd emissions intensity of GDP or emissions per capita to be more 
acceptable indicators, but even these measures ignore costs and other 
circumstances related to reduction potential. More complex meth-
odologies for setting or evaluating targets may also be devised, such 
as methodologies that account for differences in historical emissions 
paths or reductions undertaken outside the country, such as through 
the Clean Development Mechanism (CDM) or other activities. Such 
alternative approaches were pursued during the Clinton administra-
tion in various attempts to encourage non–Annex B nations to adopt 
national targets. Still, all these efforts rely on some measure of aggregate 
emissions, which by itself is a poor indicator of burdens. Even though 
the standard for evaluation may depend on other metrics, nations are 
likely to have different views on what kinds of adjustments to relative 
emissions targets produce an appropriate measure of fairness.

Emissions reductions
Emissions reductions, as opposed to emissions outcomes, are more 
closely tied to notions of effort. However, they are much more diffi -
cult to measure. Estimating the emissions reduction effects of policies 
typically requires projecting a counterfactual baseline and compar-
ing it with actual emissions (or, in the case of an ex ante evaluation, 
to projected emissions assuming the policies are in place). This task 
is conceptually similar to certifying emissions reductions under the 
CDM and confronts the same challenges in terms of positing a cred-
ible baseline. But whereas the CDM involves discrete projects, policy 
initiatives are generally wider in scope and involve more actors—
making them harder to evaluate. As discussed below in a section on 
current reporting practices under the UNFCCC, the norm has been 
not to report emissions reductions for individual policies.

Assessing the reductions associated with a portfolio of policies 
raises additional challenges. Estimates of the emissions performance 
of individual policies are diffi cult to aggregate in a simple fashion, 
since some policies may overlap with each other—or with a sector-
wide quantity target. Care must be taken to avoid double counting 
and to recognize leakage. Currently, a few countries have attempted to 
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make adjustments for overlapping effects in their national reporting, 
although most have ignored the issue.

In addition to problems estimating reductions, it is unclear how to 
relate reductions (whether measured in absolute terms or as a percent-
age of total emissions) to the actual mitigation costs incurred by a 
country. Different countries achieving the same percentage reduction 
from baseline could incur very different cost burdens, depending on 
their relative capacities for low-cost reductions.

Total cost
Another possible metric for comparing efforts is to calculate the total 
cost of mitigation activities, perhaps as a share of GDP. This measure 
can be quite straightforward for individual policies that involve direct 
fi scal expenditures, such as subsidies for technology deployment or 
R&D. It can also allow for spending on non-mitigation activities like 
adaptation or international assistance. However, assessing the cost of 
non-fi scal policies like regulations (market-based or otherwise) and 
voluntary programs is often diffi cult and may require modeling to 
ascertain overall economic impacts (not to mention environmental 
effects).

Nor is total cost necessarily a good measure of the quality of the 
activities being undertaken. For mitigation policies, fi scal expenditures 
can be associated with varying degrees of effectiveness in terms of 
emissions outcomes (ethanol subsidies may be a good case in point). 
One must also account for baseline spending levels, preexisting energy 
taxes, and other factors to understand the additional costs associ-
ated with the country’s policy commitments. Furthermore, the many 
uncertainties involved raise questions about the quality and reliabil-
ity of cost measures. Not surprisingly, estimates of the total cost of 
regulation tend to vary more widely in most modeling analyses than 
estimates of marginal cost (Fischer and Morgenstern 2006).

Marginal costs
An easier measure to compare across countries may be the explicit 
or implicit marginal cost of emission reductions. In the case of an 
upstream cap-and-trade system or a universal GHG tax, the appropri-
ate measure is straightforward: the market price of emissions permits 
(or allowances) in the former case or the level of the tax in the latter 
instance. However, if the price-based policy is not implemented in 
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an economy-wide manner, then using marginal cost as a measure of 
effort is confounded by the question of scope: is a country with a low 
economy-wide carbon tax making more or less of an effort than a 
country with a high-price cap-and-trade system applied only to certain 
sectors? Once measures move beyond price-based instruments, several 
potential diffi culties must be addressed to estimate an implicit price. 
How does one average across different sector-specifi c policies? How 
does one estimate the effective cost imposed by non-price emissions 
measures?

In some ways, the concept of calculating implicit marginal costs 
is analogous to that of calculating the level of effective protection in 
analyses of trade disputes. In the trade case, effective protection rep-
resents the difference between the domestic price of a good and the 
international price it would garner in the absence of trade barriers. 
Effective protection is a function of the tariff and nontariff barriers 
facing that good and all of its inputs—it can be expressed as an equiv-
alent tariff, though doing so often requires some diffi cult calculations. 
Analogously, the effective impact of some non-price measure can be 
stated in terms of the emissions price that would have the equivalent 
mitigating effect on current emissions. However, trade calculations 
are typically made on the basis of specifi c goods. In a climate context, 
while one could also compare marginal abatement costs on a sector-
by-sector basis and while this could be highly relevant for assessing 
competitiveness impacts, for comparing overall country efforts with 
respect to GHG mitigation, some kind of national, multi-sector metric 
is required. This brings with it the associated challenges of aggregating 
across a variety of policies and sectors.

Another question is how well marginal cost serves as a proxy for 
policy effectiveness. Ineffi cient policies can have high implicit prices 
but low effectiveness (e.g., over-subsidization of wind or ethanol). 
Many policies also raise issues of additionality, uncertainty, and cred-
ibility that need to be considered. Should one account for differences 
in emissions or marginal costs among nations where those differences 
are the result of policies imposed for reasons other than GHG control 
(e.g., energy, fi scal measures) or refl ect national characteristics or 
resource endowments (e.g., geography, natural resource base)? How 
should expenditures on R&D be credited? For example, one may 
estimate what emissions price would elicit a similar amount of R&D 
effort, but the emissions reductions induced by a direct R&D policy 
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are not comparable to those that would result from imposing that 
equivalent emissions price.

Measurement uses

It is unlikely that any single measure of effort will be acceptable to all 
countries. Commitments to emissions targets can be straightforward 
to verify, but they may have no clear relationship to actual burdens. 
Meanwhile, measures more related to economic burdens may not be 
readily verifi able. Evaluating a measure of burden or effort in terms of 
its fairness requires an arbitrary decision about which country-specifi c 
metrics to use in making that evaluation.

Ultimately, fairness is subjective: “There are no ‘neutral’ metrics: 
different metrics will show different countries in a good (or less good) 
light” (Ellis et al. 2008, p. 6). Furthermore, subjective views may 
change: whatever seems fair at one time may well be perceived dif-
ferently in the future. For example, although reduction commitments 
relative to a 1990 emissions baseline might have seemed fair in 1997, 
when the Kyoto Protocol was fi rst signed, subsequent strong differ-
ences in economic performance have changed some parties’ views on 
the equity of the original formula.

That is not to say that it is not useful for negotiators to attempt to 
gather measures of effort. Each country will form its own opinion of 
the comparability of different proposals based on such indicators. 
However, the goal of negotiations is to obtain agreement on climate 
policy commitments, and those may not be determined by a single rule 
for allocating burdens.

Evaluating integrity

Effectiveness is the most important element of any climate agree-
ment. Evaluating the integrity of a collection of country commitments 
requires two levels of analysis. First, are the commitments themselves 
credible? That is, do we believe the countries will undertake them 
and can they be monitored and verifi ed? Second, are the effects of the 
commitments credible? That is, do we reasonably expect the set of 
policies being undertaken to result in the achievement of stated emis-
sions goals? A concern with environmental integrity necessarily shifts 
the focus to emissions. The fi rst question, about the credibility of the 
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commitments themselves, requires an ex post analysis: metrics must 
be chosen in support of enforcing the agreement and countries must 
be willing to engage in commitments that have such metrics, be they 
levels of emissions, regulations, or budgetary measures. The second 
question, about the credibility of claimed impacts on emissions, 
requires primarily ex ante analysis—that is, estimating the expected 
effects of policies prior to implementation.

Credibility of commitments

The diffi culty of verifying a nation’s performance ex post depends to 
a great extent on how performance is actually defi ned. If it is defi ned 
in terms of an aggregate emissions target or a reduction from a well-
established baseline, the task is relatively straightforward. Reporting 
requirements established under the UNFCCC already call for the 
development and updating of an emissions inventory for all covered 
GHGs. As a cross-check, the International Energy Agency routinely 
reports CO2 emissions by country, as does the US Energy Information 
Agency. Under the terms of both the UNFCCC and the Kyoto 
Protocol, institutional arrangements have been established to make 
ex post assessments of compliance with aggregate emissions targets, 
including accounting for transactions with non–Annex B nations. It 
is only slightly more complex to verify an emissions intensity target, 
since information on GDP is readily available.

Not surprisingly, the challenge of assessing performance ex post is 
greater when the focus is on subnational or policy-specifi c measures 
as opposed to aggregate targets. This is clear in the case of sectoral 
emissions targets, and even more so in the case of policies that are not 
directly tied to an emissions target, such as voluntary programs or 
regulatory standards.

The principal issue with sectoral targets is that data on fuel use by 
sector may not be available on a current basis in all countries. In the 
United States, for example, the Manufacturing Energy Consumption 
Survey is conducted only every three years, although it is possible to 
extrapolate from published sources to estimate sector-specifi c emis-
sions for major sectors. At the same time, nonconventional fuels, such 
as biomass, pose special data problems, as do some of the non-CO2 
gases. Other countries may face similar or possibly greater challenges 
in developing sector-specifi c emissions data. Currently, the only 
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reporting requirements for sectoral emissions are the inventories and 
national communications required under the UNFCCC. As discussed 
below, in the section on current practices, the data to support these 
reports are sparse in many countries and are often plagued by omis-
sions, double counting, and other problems.

In the case of policies that are not tied to emissions targets, the 
challenges of verifying performance ex post can be even greater. 
The diffi culty arises from the fact that one needs information on the 
effectiveness of the policies, not simply on whether the institutional 
arrangements have been established. For example, in the case of 
voluntary programs, most of the publicly available data are descrip-
tive in nature, covering such aspects as the number of fi rms or plants 
enrolled in the programs, what goals have been established, and 
whether fi rms have set up internal training or information activities 
to support the voluntary programs. Little information is available 
on what fi rms actually do to reduce their emissions and even less is 
known about how these actions compare with actions taken by fi rms 
that have not joined the programs. Thus, it is extremely diffi cult to 
assess the contribution of voluntary programs relative to a realistic 
baseline.

Recent research on selected voluntary programs in the United 
States, Europe, and Japan suggests that, at best, the contribution 
of voluntary energy or GHG reduction programs is in the order 
of a 5 percent reduction from baseline, plus or minus 5 percent 
(Morgenstern and Pizer 2007). However, because of the sparse 
reporting on performance, it is virtually impossible to estimate the 
effectiveness of most individual programs in operation today. That 
is not to deny the possibility of building in additional reporting 
requirements relevant for evaluation purposes, but few programs 
have done so. Of course, most economists would agree that volun-
tary programs are inherently limited in their ability to deliver the 
sizable emissions reductions or technical change needed to effectively 
address climate change; one may then require a stronger burden of 
proof for the inclusion of such measures in any international report-
ing of effort.

Mandatory regulations and policies generally involve verifi able com-
pliance mechanisms. For example, one can verify the share of energy 
derived from renewable energy sources by a given date, the enactment 
(and enforcement) of energy effi ciency standards, the  enactment of 
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legislation requiring certain pollution control devices (such as for 
methane or nitrous oxide), or the reduction of consumer subsidies for 
fossil fuels. However, the effectiveness of mandatory policy mecha-
nisms may not be uniform within or across individual sectors in a 
single country, or even within the same sector if different programs 
are managed by different government agencies. Thus, regulations on 
new vehicle performance, for which extensive data and analysis are 
available, may be more (or less) effective than rules issued by the same 
agency covering existing stationary emissions sources, especially if 
the technical information for that industry is limited. Cross-national 
differences can further complicate the situation. Even when compli-
ance is assured, environmental effectiveness may be an issue. In the 
case of policies that mandate the purchase of  energy-effi cient capital 
equipment—such as new source performance standards for power 
plants, fuel economy standards for vehicles, or effi ciency standards for 
appliances—it is usually possible to obtain information on the sales 
volumes and performance attributes of different types of equipment. 
The diffi culty comes in keeping track of the actual use of the equip-
ment and in determining what old equipment is being retired in favor 
of the new equipment. For example, although a new, fuel-effi cient 
vehicle can reduce energy use per mile, the lower driving cost can 
lead to more vehicle miles traveled (the so-called rebound effect), and 
higher purchasing costs can reduce vehicle turnover, thereby offset-
ting some of the expected gains.4 Similarly, one can verify the installed 
capacity of renewable energy, but credibly calculating the emissions it 
offsets is a more diffi cult task. Carbon capture and storage equipment 
may be installed on a power plant, which is simple to verify, but the 
associated energy penalty makes it expensive to use, requiring more 
costly monitoring to assess the true environmental effectiveness of this 
measure.

In sum, ex post verifi cation is most plausible at the aggregate level, 
especially when performance is defi ned in terms of a quantity-based 
target such as total emissions or emissions intensity. Problems of a 
higher order stalk efforts to verify the effectiveness of a subnational 
target or of specifi c regulatory or voluntary programs, although some 
of these problems may be alleviated by instituting requirements for 

4 Wooders (2006) offers a comprehensive review of methods for evaluating 
energy effi ciency policies.
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additional data gathering. When the targets are expressed as a change 
in emissions against a future, as-yet-undetermined baseline, the need 
for a modeled counterfactual is unavoidable. Yet gaining consensus on 
such a counterfactual can be quite challenging.

We would summarize the bottom line regarding ex post verifi cation 
as follows: engage in commitments that are clearly verifi able and focus 
on aggregate targets whenever possible. When subnational policies or 
programs are adopted, collect relevant micro-level data and informa-
tion and avoid metrics that require extensive reliance on modeled 
counterfactuals.

Credibility of claims regarding environmental effectiveness

A national emissions target represents a commitment to achieve a 
specifi ed environmental outcome. Yet in the absence of information 
on the specifi c policies to be adopted, one cannot evaluate whether the 
target is likely to be achieved. If a country commits to a set of poli-
cies without a specifi c target, the need for a detailed evaluation of the 
proposed policies is even greater.

Some countries that are unwilling to take on fi xed aggregate emis-
sions targets at this point in time may be willing to accept targets in 
individual sectors where they have sound strategies in place or perceive 
a level playing fi eld. Such efforts may be motivated in whole or part by 
fears that nations that adopt mandatory policies will implement trade 
sanctions against nations that do not. Indeed, even many countries 
with aggregate emissions targets are adopting separate targets for 
certain covered sectors.

Evaluating the contribution of a portfolio of policies raises diffi cult 
issues of aggregating across sectors or policies over time. Even within 
sectors, a host of challenges bedevil any effort to compare the effects 
of different policies. Many of the issues are familiar because they 
have already arisen in the context of crediting programs—some of the 
most important involve baselines, uncertainty, credibility of current 
and future efforts, and the secondary effects of measures or offsetting 
actions (e.g., crowding out, rebound effects, offsetting tax reductions, 
overlap with other policies). As for the crediting programs, sound 
guidelines are needed to develop estimates of the primary effects of 
individual policies, to account properly for secondary effects, and to 
aggregate when multiple policies are adopted at the same time.
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Perhaps the most diffi cult challenge is to deal adequately with 
policies that have multi-period effects and to facilitate the comparison 
of long-term commitments. For example, subsidies for R&D, dem-
onstration, and learning by doing (actual production) will infl uence 
the future cost of mitigation, with less effect on current emissions. 
However, given the uncertainty involved in research processes and 
the interdependence of success with GHG pricing or other regulatory 
policies, it is diffi cult to equate current research efforts with a reliable 
quantity of emissions mitigation in the future. The issue is further 
complicated by the fact that some policies and measures, like a carbon 
price, can induce private R&D efforts, thereby generating multi-
period effects themselves.

In principle, one could compute the impacts of various measures—
including R&D and subsidies—that would be expected to achieve the 
same level of emissions reduction as a specifi ed increase in the carbon 
price (e.g., Fischer and Newell 2008). However, any measure of equiv-
alency will be heavily infl uenced by modeling assumptions, including 
the expected effectiveness of R&D or learning by doing, the effective-
ness of the policy program in promoting R&D, the expected duration 
of the R&D program, the timing of technological change, discounting, 
domestic and international spillovers, and so forth.

Such modeling exercises can be revealing—if not about the exact 
trade-offs among policies—then about the assumptions required for 
the proposed indirect efforts to lead to desired emissions (or cost) 
reductions. Understanding those conditions can help policymakers 
assess how realistic a predicted range of effects is likely to be. Not sur-
prisingly, comparing across R&D (and other similar) programs may 
require resorting to fairly gross measures—spending, installed capac-
ity, and the like. Even those evaluations, however, still need to account 
for baseline activities and choose verifi able output measures.

Thus, although expected emissions should be the primary metric, 
alternative measures may be more appropriate for different types of 
policies, especially in nations with weak reporting systems. Greater 
effort should be put into standardizing the use and implementation 
of reporting and evaluation methodologies. In the absence of detailed 
assessments in some countries, it may be reasonable to apply the 
results from well-designed studies in other nations. Hopefully, the use 
of such practices will encourage nations to undertake more detailed 
research on their own policies.
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Reporting and evaluation in practice

Current UNFCCC practices

Annex I countries are currently required to submit two reports annu-
ally to the UNFCCC: a national GHG inventory and a national com-
munication. The latter includes a chapter on the inventory but also 
describes policies and measures undertaken by the reporting nation 
and provides emissions projections. The UNFCCC has established 
guidelines for calculating and reporting GHG inventories, as well as 
for the structure and content of national communications.5 In this 
section, we briefl y review these practices for insight into further steps 
with regard to reporting and evaluation that may support a future 
international climate policy framework.

Under the UNFCCC guidelines, a country may report planned, 
adopted, and implemented policies, but must specify the status of the 
measure. The main intention of a policy does not have to be reducing 
GHGs for the policy to be listed. The reporting format calls for dis-
tinguishing among the sectors to which policies apply (energy, indus-
trial, etc.), and the GHGs affected (CO2, methane, etc.). Each country 
must explain which monitoring and evaluation systems are in place 
according to the objectives and/or activities affected, type of GHG 
affected, type of policy instrument used (economic, fi scal, voluntary or 
negotiated agreements, regulatory, information, education, research, 
and other), implementation status, and implementing entity. Where 
possible, countries are required to provide a numerical estimate of the 
expected emissions reductions. They are also asked to provide a brief 
description of the methodology used to make the calculations.

For emissions projections, Annex I countries are required only 
to report projections with policies and measures, though they may 
also report projections without policies and measures. To estimate 
the aggregate effect of a set of policies and measures, the guidelines 
require that a country’s “with” policies and measures projection be 
compared to a “without” scenario. Thus, the UNFCCC guidelines call 
for countries to attempt to calculate cumulative emissions reductions 

5 Guidelines for the UNFCCC national communications were adopted during the 
second and fi fth Conferences of the Parties (COP 2 in Geneva in July 1996 and 
COP 5 in Bonn in October–November 1999).
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and compare them with a business-as-usual scenario. Specifi cally, each 
country should report net emissions avoided or sequestered for the 
years 2005, 2010, 2015, and 2020. The guidelines do not prescribe 
any particular model or approach, but they request that countries 
provide an explanation of the chosen methodology that is suffi cient 
to give the reader a “basic understanding.” A description of the 
method used to estimate impacts should include specifying the GHGs 
involved, the type of model or approach used and its characteristics 
(e.g., top-down versus bottom-up), the original purpose of the model 
and how it may have been modifi ed to fi t the purpose, the strengths 
and weaknesses of the model, and how it accounts for overlap among 
policies. Submitting nations should include references to more detailed 
explanations for these criteria and describe any changes in methods 
from their previous national communication. Basic national-level 
information employed in the calculations, such as GDP growth and 
population growth, should be included in the report.

Every national communication is reviewed by a team of UNFCCC 
experts, which conducts an in-country visit and an appraisal of the 
report. The reviews are published, usually in advance of required 
report revisions. They are designed to facilitate comparisons across 
national reports and make those comparisons more transparent, but 
no common metric is applied to individual country submissions.

Although a comprehensive examination of past national commu-
nications is not feasible, this section reviews the results from selected 
countries to gain a sense of how well or poorly the guidelines are 
being implemented. Specifi cally, we review the most recent national 
submissions for fi ve Annex I parties (the United States, Australia, the 
United Kingdom, the European Union, and Japan), classifying their 
reported policies and measures into the eight categories used by the 
UNFCCC:

education and outreach (E)• 
economic/fi scal (F)• 
information (I)• 
regulatory (R)• 
research, development, and deployment (RD&D)• 
technical (T)• 
voluntary (V)• 
various/other (O)• 
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The results are summarized in Table 10.1. Overall, the fi ve parties 
report a broad range of individual policies and measures. Only the 
European Union has established a formal emissions trading scheme; 
the other four parties all report integrated climate programs of one 
type or another. The United States focuses on its voluntary reporting 
under the 1605(b) program, and both the United Kingdom and Japan 
refer to their comprehensive plans.

Within the energy sector, all fi ve parties report extensive activities, 
ranging from regulatory programs for renewable energy and energy 
management to voluntary, information, and education programs. In 
the transportation sector, all report programs involving both vehicles 
and fuels. These programs rely on a variety of mechanisms, includ-
ing regulatory requirements, voluntary efforts, RD&D, and fi nancial 
initiatives. Beyond vehicles and fuels, most also have some activities in 
the areas of integrated transport planning, effi ciency in aviation, and 
agreements or partnerships.

In the industrial and agricultural sectors, several programs focus on 
CO2 while others specifi cally address the non-CO2 gases. As in the other 
sectors, these policies involve many different activities, including infor-
mation, education, and technical support. All fi ve parties also report a 
broad range of policies in the areas of waste management and forestry.

Our examination of these national communications, along with the 
comments prepared by the UNFCCC reviewers and others, reveals 
several problems. Overall, it is diffi cult to ascertain the quality of the 
reports because important information for evaluating the effectiveness 
of individual policies is often lacking. Many policies and measures 
are presented in the absence of clear baselines and the reports gen-
erally suffer from a lack of transparency. A number of the national 
communications emphasize proposed or planned policies rather than 
providing an evaluation of existing policies or programs. Whether 
these omissions are strategic or simply refl ect missing information is 
diffi cult to determine. Nonetheless, the extent of these problems calls 
into question the credibility of the programs.

Some of these observed problems could be easily remedied. For 
example, more information on the additionality of the policies could 
be provided, and the methods and assumptions used to project the 
emissions reductions associated with individual policies could be 
presented more clearly. Other problems are more serious and would 
likely be more diffi cult to correct, such as the potential for double 



Metrics for evaluating policy commitments in a fragmented world 335

counting reductions and the use of inconsistent baselines across poli-
cies, sometimes even within a single sector or program.

In the area of R&D, at least one country labels its efforts as fi nancial 
instruments without providing information on the types of research 
activities being undertaken. In other cases, where some descriptive 
information is provided, there appear to be inconsistencies in the 
data. Information on the additionality of the policies is often missing, 
and some of the national communications do not indicate whether 
reported activities are newly implemented or represent activities that 
have been previously counted or reclassifi ed.

In the area of voluntary programs, which are among the most 
popular of the policies and measures reported, the focus is almost 
exclusively on program descriptions, with very little quantifi cation 
of resulting emissions reductions compared with a realistic baseline. 
In many cases, the reductions are compared with base-year emis-
sions, without accounting for the likely progress that would have 
occurred even in a business-as-usual scenario. Also, only a few parties 
made an effort to address the potential for double counting. When 
the problem is addressed, it is often only in the form of an aggregate 
“guesstimate” rather than a program-specifi c analysis. Australia, 
which has devoted considerable resources to creating methodologies 
for evaluating and reporting its climate policy efforts and maintaining 
comparability across sectors, provides perhaps the clearest exception 
to these observations. Australia has developed separate methodologi-
cal guidelines for each sector that detail how to accurately monitor, 
report, and verify emissions. In May 2005, the Australian Greenhouse 
Offi ce initiated the Australian Greenhouse Emissions Information 
System to combine all emissions data and reporting processes into one 
unit to increase the transparency and accessibility of the inventory. 
This system integrates all the sector methodologies and incorporates 
quality control procedures into the process, using the Guideline Key 
Tier 1 quality assurance/quality control (QA/QC) procedures of the 
UN’s Intergovernmental Panel on Climate Change (IPCC). This infor-
mation is made public through an interactive website.

To ensure accuracy, Australia’s National Greenhouse Gas Inventory 
Committee reviews all emissions inventories before they are released. 
The Australian Greenhouse Offi ce examines the performance of indi-
vidual policies and measures and updates its projections yearly. The 
report clearly distinguishes between policies that are existing, new, or 
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reclassifi ed. The emissions projections include both business-as-usual 
scenarios and scenarios with policies and measures, and a consensus 
forecasting approach is used for the calculations. Sector projec-
tions are published yearly and reviewed biannually. The Australian 
Greenhouse Offi ce also publishes individual papers that provide more 
detail on some of the methodologies. The national communication 
provides a web link to those papers and a brief overview of the sector-
specifi c projections; it also includes a summary of major assumptions, 
a graph showing emissions projections with policies and measures and 
under the business-as-usual scenario, an assessment of the impact of 
current measures, and a description of the models used.

Although non-Annex I nations are not obligated to provide reports 
as comprehensive as those of the Annex I countries, China, India, 
and several other nations have gone beyond the minimum report-
ing requirements. However, these efforts generally do not include an 
attempt to project current or future emissions, either with or without 
the implementation of policies and measures. What quantitative 
analysis is presented is often based on outdated information. As with 
the information displayed in Table 10.1 from developed nations, it is 
not possible to determine whether such practices are strategic or refl ect 
genuine data gaps.

Other practices

Other international processes may provide lessons for evaluating the 
quality, consistency, and value of ex ante estimates of commitment. 
Several multilateral organizations conduct national policy reviews. 
However, most existing international peer- and expert-review proc-
esses are also relatively weak, designed for offering qualitative advice 
rather than for enforcing commitments, and no one process provides 
an ideal template.

Several established review processes give attention to energy and 
environmental concerns. For example, the International Energy 
Agency conducts an in-depth review of each member country’s energy 
policies and sectors every fi ve years, using a standard assessment 
process and offering nonbinding suggestions for policy improve-
ments. Although the agency gathers data and technical information 
about projections, these reviews are primarily qualitative rather than 
quantitative. The UN Economic Commission for Europe has a purely 
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voluntary Environmental Performance Review, conducted to meet the 
needs of the country being reviewed. The Energy Charter Protocol 
on Energy Effi ciency and Related Environmental Aspects (PEEREA) 
requires members to formulate clear policy aims (as opposed to obli-
gations) for improving energy effi ciency and mitigating environmental 
impacts associated with energy. PEEREA provides a forum for infor-
mation exchange and policy advice, in part through peer reviews of 
energy-effi ciency policies and programs. These peer reviews involve 
consultations with national governments and information gathering 
and overlap to a signifi cant extent with the national communications 
prepared in accord with UNFCCC requirements; thus, the PEEREA 
efforts may in part rely on, and in part reinforce, the UNFCCC 
process. PEEREA reports are made available to the public, although 
they are primarily designed for the reviewed country.

Other review processes focus on different economic policies. For 
example, the International Monetary Fund (IMF), in its country 
surveillance program, conducts annual consultations with member 
countries about exchange rate and fi nancial sector policies, as well as 
about the overall economic situation. These reports are also primarily 
qualitative. Findings and recommendations are reported to the execu-
tive board, which transmits its views back to governmental authorities 
in the country being reviewed, which are also the primary consumers 
of review results. Most member countries agree to allow publica-
tion of these IMF reports, but public dissemination is not required. 
A more voluntary review that is open to developing countries is the 
United Nations Conference on Trade and Development (UNCTAD) 
Investment Policy Review, which is intended to offer policy advice and 
support, not to monitor any commitments.

The World Trade Organization (WTO) has its Trade Policy Review 
Mechanism, developed by agreement in the Uruguay Round, which 
offers regular, comprehensive reviews of individual members’ trade 
policies and practices and their impacts on the functioning of the 
multilateral trading system. Although the review is mandatory, it is 
not intended as an enforcement mechanism; rather, it is expected to 
foster greater adherence to obligations by improving transparency 
and providing information about each country’s practices and circum-
stances. The review mechanism itself is also subject to appraisal and 
improvement over time, which is a laudable feature. However, like 
most existing international review processes, the Trade Policy Review 
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Mechanism offers a primarily qualitative appraisal rather than a quan-
titative assessment of impacts on trade. The same kinds of  quantitative 
assessments are made under WTO auspices during dispute settlement, 
but in those cases the evaluations are narrowly focused on the traded 
good in question. Furthermore, most of these calculations are con-
ducted by the disputing parties and therefore refl ect their obvious inte-
rests (although the Subsidies and Countervailing Measures Agreement 
prescribes the methods for calculating fi nancial benefi ts conferred by 
certain subsidies). Although the WTO dispute resolution process does 
seem to offer the main example of quantitative, model-based analysis, 
it may be a poor guide for designing processes intended to foster coop-
eration and negotiate consensus.

Indeed, although the multilateral trading system offers some lessons 
in negotiating and supporting international agreements, the circum-
stances are quite different for a climate framework. In trade, countries 
negotiate the removal of barriers to foreign goods in exchange for the 
benefi ts of greater access to foreign markets. In climate change, there 
is no such exchange; negotiations center on how to share a global 
burden, and the benefi ts are far removed in time and not excluded from 
nonparticipants. Perceptions of fairness and effort thus play a greater 
role, even though global outcomes are ultimately what matter.

Conclusion

As the focus in international negotiations moves beyond sole reliance 
on national emissions targets to include specifi c policies and measures, 
there is a clear need to improve the current reporting system so that 
it provides greater confi dence to negotiators about the credibility of 
countries’ activities. Most importantly, reported activities need to be 
presented in a relatively uniform, consistent fashion. Current guide-
lines attempt to accommodate the metrics used in different countries, 
but the breadth of different reporting practices in use today can mask 
genuine differences among countries. Thus, a fi rst order of business 
should be the development of a much tighter, narrowly defi ned set of 
guidelines that reveal the actual differences in activities among nations. 
Of course, no single metric can adequately address the complex issues 
of equity and integrity that are central to a successful international 
agreement on climate change mitigation. Still, some approaches are 
likely to be more effective than others.
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First, regarding the fairness of country-level commitments, certain 
metrics—such as emissions as a share of GDP, population, or 
 historical emissions—are straightforward to calculate and provide 
generally informative, albeit imperfect, indicators of burden. Other 
metrics, like emissions reductions or total costs of policies undertaken, 
are unlikely to be reported reliably. The metric of marginal abatement 
costs at least has the advantage of indicating the cost-effectiveness of 
the effort undertaken across different countries. It is also an impor-
tant indicator of the controversial competitiveness impacts of climate 
policies vis-à-vis trading partners. We recommend greater focus on 
this measure but note the diffi culty of attributing the marginal costs 
of nonmarket-based policies, especially ineffi cient measures. The big 
question is what carbon price would achieve the same reductions as 
the suite of policies selected, either by sector or for the whole economy. 
This would be analogous to calculating the level of effective protection 
applied in analyses of trade disputes.

Second, regarding the integrity of country-level commitments, 
we see related but distinct issues associated with ex post efforts to 
verify performance (essentially compliance) and the ex ante chal-
lenges faced by international negotiators in comparing often quite 
dissimilar policies and measures. For ex post verifi cation, the sim-
plicity of an aggregate, economy-wide emissions target, or even of 
an emissions- intensity target, is quite appealing. Existing data and 
reporting systems are certainly compatible with such approaches. 
When commitments involve subnational or specifi c regulatory or vol-
untary programs, they should be expressed in terms of a transparent, 
verifi able goal, such as a fuel effi ciency standard or level of technology 
deployment. However, while such goals may be clear, their effects on 
emissions are less transparent. Therefore, descriptive, institutionally-
oriented information must be supplemented with concrete data on the 
actual implementation and performance of these measures. Focusing 
on specifi c emissions goals as opposed to regulatory standards can 
help avoid excessive reliance on model-based counterfactuals. Because 
of their long-term nature, R&D programs are diffi cult to compare 
with near-term emissions targets, but these activities should at least 
be made more comparable across countries. We see no alternative to 
relying on actual expenditure and deployment data, but care should 
be taken to link such data to specifi c program activities and to include 
transparent baseline information.
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Third, ex ante assessment of the integrity of commitments (in 
terms of whether they are likely to achieve claimed emissions reduc-
tions) is, perhaps, the most important but also the most problematic 
area. The greatest challenges are associated with the unavoidable 
need to model counterfactuals, with all the attendant complexities. 
New guidelines should focus on the need for greater transparency 
in methods, models, and data, plus the need for greater standardiza-
tion in methodologies to improve the consistency of analysis across 
sectors, policies, and countries. Another priority is strengthening the 
mandate of the international group of experts who evaluate country 
submissions. The current practice of UNFCCC peer review is far too 
loose an arrangement for the reports to be credible inputs to climate 
negotiations.

National governments may not provide the objective evaluation that 
is essential to make a serious comparison between national mitigation 
proposals. Therefore, independent institutions, international organi-
zations, academic researchers, and other third-party groups must play 
a greater role. A strengthened and improved reporting and evaluation 
framework should harness and empower these other actors. Indeed, 
this framework should go beyond the mandates of most existing 
review mechanisms in the following ways:

Evaluation should be a condition for participation in multilateral • 
negotiations and agreements.
Reports and data should be publicly available, to inform not only • 
the countries being reviewed but also their negotiating partners.
Peer reviews should be independent and use consistent methodolo-• 
gies to promote harmonized reporting.
Evaluations should include quantitative as well as qualitative • 
analyses.
A mechanism for periodic review of the evaluation process should • 
be established.

Even with a strengthened reporting and evaluation framework, 
however, the thorny question remains: What exactly will be reported, 
monitored, verifi ed, and evaluated? The current focus on emissions 
inventories must be expanded to better allow for the verifi cation 
and evaluation of policies, measures, and other activities. This effort 
requires collecting objective quantitative measures and data on imple-
mentation (besides just emissions); it also requires conducting consist-
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ent modeling and analyses to judge the effectiveness of the activities 
being implemented. Toward that end, transparent documentation and 
clear guidelines for evaluation efforts can improve the comparability 
and credibility of the entire process.

Furthermore, in the spirit of common but differentiated responsi-
bilities, a future reporting and evaluation framework may not require 
the same levels of sophistication for developing countries as for techni-
cally advanced countries. The review mechanism needs to be adequate 
and appropriate to underpin evolving commitments and proposals in 
the negotiating process. It should also offer developing countries the 
kinds of technical and policy support seen in many existing interna-
tional voluntary review mechanisms, albeit targeted to the climate 
change challenge.

Addressing global climate change will be a long process of ongoing 
negotiations, compliance verifi cation, and performance evaluations—
all continually feeding back into each other. The complexity of the 
task requires much-improved information collecting, sharing, and 
review. Since agreement on a single metric of national contributions 
is unrealistic, agreement on a common, consistent, and credible set of 
indicators should be prioritized to build the foundation of trust and 
transparency needed to sustain multifaceted commitments.
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11 Justice and climate change: the 
unpersuasive case for per capita 
allocations of emissions rights
Eric A.  Posner* and 
Cass R.  Sunstein**

Introduction

Many people believe that the problem of climate change should 
be handled by an international cap-and-trade system. Under this 
approach, participating nations, and perhaps the entire world, would 
create a “cap” on greenhouse gas (GHG) emissions. Nations would be 
allocated specifi ed emissions rights, which could be traded in return 
for cash. Other people have doubts about whether such a system 
is practical, and it is becoming increasingly likely that some other 
approach will be used—for example, a cap-and-trade system in the 
north along with technical and fi nancial assistance and general targets 
for the south.

Both types of system raise broad questions of welfare and justice. 
Consider, for example, the cap-and-trade system. The proposal for 
such a system does not answer a crucial question: how should emis-
sions rights be allocated? It is tempting to suggest that the status quo, 
across nations, provides the appropriate baseline. According to one 
view, emissions might be frozen at existing levels, so that every nation 
has the right to its current level of emissions. Taking a more aggressive 
view, all or most signatory nations should have to reduce their emis-
sions levels by a specifi ed percentage, again taking the status quo as the 
foundation for reductions. The status quo might seem to have intuitive 
appeal, but it is also somewhat arbitrary and raises serious questions 
from the standpoint of equity. Why should climate change policy take 
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existing national emissions, and to that extent existing national pat-
terns of energy use, as a given for policy purposes? Should a nation 
with 300 million people be given the same emissions rights as a nation 
with 1 billion people, or 40 million people, simply because the emis-
sions of the three nations, at the current time, are roughly equal?

Raising these questions, many observers have strenuously urged 
that in an international agreement, emissions rights should be allo-
cated by reference to population, not to existing emissions.1 The intui-
tion here is that every person on the planet should begin with the same 
emissions right; it should not matter whether people fi nd themselves 
in a nation whose existing emissions rates are high. Those concerned 
about the welfare of developing nations are especially interested in per 
capita allocations of emissions rights. Why should a poor nation, with 
a large population, be required to stick close to its current emissions 
level, when wealthy nations with identical populations are permitted 
to emit far more? Why should existing distributions of wealth, insofar 
as they are refl ected in current emissions, be taken as the foundation 
for climate change policy? More bluntly: why should the United States 
be given emissions rights that dwarf those of China and India, which 
have much larger populations?

This argument might well be connected with a general “right to 
development” (United Nations General Assembly 1986). If the status 
quo is the baseline for allocating emissions rights, poor nations are 
likely to have great diffi culty in achieving the levels of development 
already attained by wealthy nations. Perhaps an imaginable climate 
change agreement, one that would be based on existing national rates, 
would violate the “right to development” even if it were both effective 
and effi cient.

These questions and controversies are relevant for alternative propos-
als that do not advocate a global cap-and-trade regime. If the North is to 

1 See, e.g., National Development and Reform Commission, People’s Republic 
of China (2007), p. 58; Bodansky (2004) (describing several per capita 
approaches); Agarwal (1999); Agarwal and Narain (1991); Athanasiou and 
Baer (2002); Kinzig and Kammen (1998); Altamirano-Cabrera and Finus 
(2006); Sagar (2000); Singer (2002); Kokott (1999); Ott and Sachs (2002) 
(“The equal right of all world citizens to the atmospheric commons is therefore 
the cornerstone of any viable climate regime.”); Aslam (2002); Brown (2002); 
Bode (2003). See also Roberts and Parks (2007) for a description of interna-
tional support for the per capita approach; and Frankel (2007) for discussion of 
developing world demand for a per capita system.
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give fi nancial assistance to the South, how great should this assistance 
be? If the South is to agree on targets, how ambitious should these targets 
be? Although we will focus on the cap-and-trade approach, which has 
been more widely discussed and is therefore better understood, our 
general conclusions apply to the alternative proposals as well.

The relationship between climate change and questions of justice 
is exceedingly large, and our goal in this chapter is relatively narrow. 
We aim to make some progress on the broader question by identify-
ing the problems with the per capita system, in terms of both prin-
ciple and feasibility, and to suggest that its current prominence and 
popularity are undeserved. We suggest that advocates of per capita 
allocations are correct on one point: in principle, there is little to be 
said for basing emissions rights on existing emissions levels. The most 
plausible defense of this approach is pragmatic. Nations are unlikely 
to sign an international agreement if they will be signifi cant net losers 
(Goldsmith and Posner 2006), and wealthy nations might lose a great 
deal from any approach that does not use existing emissions as the 
baseline for reductions. But this pragmatic point shows only that pow-
erful nations might well veto approaches that are better in principle; 
it does not show that those nations are correct to do so. As a matter 
of principle, an approach based on per capita emissions rights seems 
preferable to one based on existing emissions, and there are strong 
intuitive claims, rooted in welfarist and other arguments, on behalf 
of such an approach. One of our principal purposes is to cast those 
claims in a sympathetic light.

As we shall also see, however, a per capita approach runs into power-
ful objections. We demonstrate this point by comparing that approach 
to several others, above all those based on existing emissions and those 
with explicitly redistributive aims. Most fundamentally, per capita 
allocations will help some rich nations and hurt some poor ones. The 
reason is that some rich nations are highly populated, and some poor 
nations are not. In fact there is no correlation between population size 
and wealth per capita. If global redistribution or international justice 
is the goal, the per capita approach is a highly imperfect means.

Many people support the per capita approach not on redistributive 
grounds, but on the basis of a simple and plausible appeal to fairness.2 
The atmosphere’s carbon-absorbing features are naturally thought of 

2 See, e.g., Grubb et al. (1992), pp. 318–19 (and citations therein).
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as a common resource. Perhaps a common resource should be divided 
among all the people in the world on the ground that all people enjoy 
a right to equal opportunity or to equal human dignity.3 Indeed, 
the same type of argument has been made about mineral resources 
discovered under the high seas: as no particular state “owns” these 
resources, they should be divided on a per capita basis.4 And given the 
constraints of national sovereignty, the resources should be given to 
national governments on the basis of their state’s share of the global 
population rather than divided up among individuals directly.

We will show that the analogy to common property is at best 
incomplete and obscures the relevant moral concerns. If we compare 
a climate treaty and a treaty that provides for the exploitation of an 
underwater mineral deposit, we immediately see that there is a crucial 
difference between the two settings. A climate treaty, by reducing 
global warming, will have differential benefi ts and costs for people 
around the world. While some people will benefi t a great deal, others 
will benefi t much less and perhaps not at all. By contrast, exploitation 
of mineral deposits has minimal differential effects. Per capita distri-
bution of GHG emission permits would distribute the revenues from 
the abatement program on an equal basis, but would not equalize the 
overall effects of that program.

In principle, the appropriate way to distribute permits is on the 
basis of the aggregate effects of the climate treaty in light of standard 
normative theories—emphasizing, for example, distributive justice, 
welfare, or fairness.5 From the standpoint of those theories, and in 
particular on welfarist grounds, the per capita approach does have 
major advantages over an approach based on existing emissions, 
because it would provide signifi cantly greater benefi ts to poor people. 
But the per capita approach would also have some unfortunate incen-

3 Universal Declaration of Human Rights, Art. 1.
4 The Law of the Sea Convention provides that such resources be divided “equita-

bly”; however, that term has multiple meanings and is left undefi ned. See United 
Nations Convention on the Law of the Sea, Art. 140.

5 We do not explore the important controversy over historic responsibility—the 
claim that wealthier nations should play a special role in a climate change agree-
ment because of their past, cumulative contributions; that therefore, developing 
nations should benefi t from grandfathering and similar approaches; or that 
industrialized nations should be rewarded to the extent that they have generated 
benefi ts for others; and so forth. For discussion of these issues, see Posner and 
Sunstein (2008).
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tive effects, which complicate the inquiry. Even if those effects are put 
to one side, a per capita approach is far inferior to an approach that 
focuses more concretely on what the right normative theory requires.

Our conclusions are that on welfarist grounds, the per capita 
approach is at most a crude second-best, and that it faces decisive 
objections from the standpoint of feasibility. Insistence on that 
approach would endanger and very possibly doom an international 
effort to reduce the risks associated with climate change.

Despite the narrowness of our conclusions, we hope that the analy-
sis bears on some broader questions of justice, which are playing an 
important role in discussions of climate change. It is increasingly clear 
that distributive issues are crucial as a matter of both principle and 
practice. The allocation of effort across countries is relevant what-
ever the world does—and the distribution of benefi ts and burdens 
is a serious challenge in any international agreement that seeks 
mitigation efforts among the participants. As and when adaptation 
is necessary in developing nations, it remains possible to reject the 
per capita approach while also arguing that wealthy countries should 
help fund adaptation. Some of our arguments bear on that possibil-
ity. In our view, a clear understanding of the problems with the per 
capita approach should help to cast light on other, more plausible 
approaches for reducing the risks of climate change in a way that 
meets the requirements of justice.

The effects of a per capita permit system

Aggregate emissions vs. per capita emissions

An international agreement might allocate emissions rights in many 
different ways. One possibility would be to begin with existing emis-
sions rates and freeze them or require a percentage reduction. If exist-
ing rates are the baseline, the ranking across nations would look one 
way, with China and the United States at the top.6 But if we look on a 
per capita basis, the ranking is altogether different. Because of explo-
sive emissions growth in developing nations, any particular ranking 
will change over time, but some of the basic conclusions are clear 
(World Resources Institute). For example, the United States ranks 

6 See, e.g., Netherlands Environmental Assessment Agency (2008).
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toward the top of the world’s emitters on a per capita basis as well 
as in the aggregate, but India ranks very low in a per capita basis. 
Perhaps the most striking point is that while China has become the 
world’s leading national emitter of GHGs, its per capita contributions 
remain fairly modest, ranking it well below the top fi fty contributors.

With dramatic growth in emissions from China and India, some 
of these conclusions will change over time; per capita emission rates 
in China, in particular, will be far higher in ten years. But it is clear 
that per capita allocations would produce radically different distribu-
tional effects from allocations based on the national status quo. With 
per capita emissions rights, the world’s largest nations—China and 
India—would be signifi cant net gainers. Indeed, their emissions rights 
would probably be worth hundreds of billions of dollars. The princi-
pal losers would be the nations that now have high per capita emis-
sions. The biggest loser, by far, would probably be the United States. 
Because of their high per capita emissions, Canada and Australia 
would lose a great deal as well.

With this background, we should be able to glimpse the intuitive 
argument on behalf of per capita allocations. Nations are not people; 
they are collections of people. A citizen of India should not be given 
emissions rights that are a small fraction of those of a citizen of the 
United States. Nor should a citizen of China be given emissions rights 
that are a small fraction of those of a citizen of Japan. Each person 
should count for no more and no less than one. As we shall see, this 
intuition might be grounded in concerns of either welfare or fairness. 
But before we investigate these issues, it is necessary to untangle some 
complexities. An initial task is to obtain a better understanding of the 
effects of a per capita approach.

A simple example

Suppose that a fi rm consumes energy (and other inputs) to create 
goods that it sells on the market. Let us suppose that for every unit of 
energy (however defi ned) that the fi rm consumes, it generates GHG 
emissions that have a social cost of $10.

One approach to GHG regulation would involve taxation. In 
this example, the optimal tax would be $10 per unit of energy—the 
amount necessary to ensure that the fi rm uses a unit of energy only 
when the private benefi t exceeds the social cost. Alternatively (and 
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identically), the fi rm could be prohibited from consuming energy 
unless it bought a permit from the government. The permit would 
have a price of $10. Let us stipulate that if the permit is traded, the 
price will be $10 as well.

The tax system and the permit system would raise revenue as well 
as deter the emission of GHGs. In this example, each system would 
generate revenue of $10 per unit of energy. That money could be spent 
in any way: for example, the revenue could go into the treasury of the 
government that levied the tax or sold the permit, and then be used for 
ordinary budget expenditures or to lower general taxes. Note that the 
revenue raised would partially but not fully offset the immediate loss to 
consumer welfare. Firms would pass the tax along to consumers, who 
would either pay the higher price (and have less money to buy other 
things) or buy fewer energy-intensive goods. However, we assume 
that in the aggregate people are better off: the environmental benefi ts 
exceed the welfare losses from reduced consumption. Otherwise, there 
would be no reason to negotiate a climate treaty.

Now imagine that the world consists of two nations, Rich State and 
Poor State. Rich State has a large economy and relatively few people, 
while Poor State has a small economy and relatively many people. 
(For concreteness, we might assume that Rich State is analogous to the 
United States and that Poor State is analogous to India.) Suppose that 
Rich State consumes 100 units of energy at the time that the climate 
treaty goes into force, while Poor State consumes 20 units of energy. 
(For simplicity, we assume that Rich State and Poor State do not trade; 
citizens of each country consume the output of fi rms in that country.) 
Rich State has 5 citizens, while Poor State has 20 citizens. Thus, Rich 
State consumes 20 units of energy per citizen; Poor State consumes 
one unit of energy per citizen. Table 11.1 displays this information.

The tax system would require the government of each country to 
levy a $10-per-unit tax on each fi rm. Rich State would tax 100 units of 

Table 11.1 An example

 Aggregate energy  Energy consumption
 consumption Population per capita

Rich State 100 5 20
Poor State 20 20 1
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energy and receive revenues of $1,000, while Poor State would tax 20 
units of energy and receive revenues of $200. Under the permit system, 
the treaty would authorize Rich State to sell 100 permits and Poor 
State to sell 20 permits. As Table 11.2 shows, the distributive effects 
would be the same: Rich State would raise $1000 in revenue and Poor 
State would raise $200 in revenue.

We will call this the status quo approach because it takes as its 
baseline the relative use of energy in the status quo. If one thinks 
of the treaty as “creating” permits, then the treaty would distribute 
more permits to Rich State than to Poor State, just because Rich State 
consumes more energy than Poor State. The treaty would create 120 
permits, and give 100 permits to Rich State and 20 permits to Poor 
State. Note that the effect of this treaty is identical to the tax approach 
described above.

Alternative approaches

As noted, the status quo approach to distribution is based on the 
amount of energy consumption at the time the treaty enters into force. 
Because Rich State consumes fi ve times as much energy as Poor State, 
Rich State receives fi ve times as many permits as Poor State. And 
because wealthy countries consume more energy than poor countries, 
the status quo approach seems to favor wealthy countries. Of course, 
any judgment about whether particular nations are “favored” depends 
on a baseline. Rich State will surely point out that its own fi rms pay 
the revenue that it obtains from its extra permits, so that the effects 
wash out. It is a nice puzzle why a uniform emissions tax is not gener-
ally or intuitively taken to be unfair while the status quo approach to 
emissions rights is often found objectionable—even though the two 
are identical in their effects. But at least it can be said that the status 

Table 11.2 Taxes versus permits

    Equivalent
 Aggregate energy Tax per unit of  permits at
 consumption energy Tax revenues $10/permit

Rich State 100 $10 $1000 100
Poor State 20 $10 $200 20
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quo approach will generally give more permits to wealthy nations 
than to poor ones, holding population constant, simply because 
wealthy nations tend to emit more GHGs.

Other approaches are possible. For example, under the per-nation 
approach, the treaty would distribute equal numbers of permits to 
every nation. Rich State and Poor State would each receive 60 permits. 
This approach also does not seem intuitively fair. All nations receive 
the same number of permits, but they must spread the revenues from 
the permits among different numbers of citizens. In effect, Poor State’s 
20 citizens receive 3 permits each; Rich State’s 5 citizens receive 12 
permits each (though it is unlikely that the government would directly 
hand out permits to citizens).

The per capita approach seems much better on this score. Each 
nation receives permits in proportion to its population. In our 
example, Poor State has four times as many citizens as Rich State, 
so Poor State receives 96 permits and Rich State receives 24 permits. 
Each citizen in both countries receives, in effect, 4.8 permits.

A fi nal approach that we will consider will be called the redistribu-
tive approach. Under this approach, all the permits are given to which-
ever country is poorer, at least up until the point where their wealth is 
equalized. If we assume that Poor State is suffi ciently poorer than Rich 
State, the redistributive approach would require that all 120 permits 
be given to Poor State. Poor State would then sell 20 permits to its 
own fi rms and 100 to Rich State’s fi rms, thus acquiring all the revenue 
from the permit system. Table 11.3 displays this information.

Note that other approaches are possible, including mixed approaches 
that fall between the various approaches described above. For example, 
one could allocate permits on the basis of a formula that weights both 
population size and poverty (Frankel 2007). For simplicity, however, 
we will confi ne our discussion to the four approaches described above: 
status quo, per-nation, per capita, and redistributive.

A note on ex post effi ciency

From what we will call the “ex post effi ciency” perspective (our 
reasons for using this term will become clear later), all of these 
approaches are identical (assuming that the trading system works as 
planned). Ex post effi ciency requires that energy users bear the social 
(climate) cost of energy use. If that cost is $10 per unit of energy, then 
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either a $10 tax should be used, or states should create the number of 
permits such that the market price is $10. All of our approaches allow 
states to set the price of the permits at $10 or whatever the optimal 
price is, so they are all equally effi cient.

The only differences between the approaches are distributive. As we 
saw, under the status quo approach, Rich State’s government would 
receive 100 permits and Poor State’s government would receive 20 
permits. Rich State would sell those 100 permits to the Rich State 
fi rms, and Poor State would sell the 20 permits to the Poor State 
fi rms. Under the per-state approach, Poor State would sell 20 of the 
permits to Poor State fi rms and 40 of its permits to the remaining Rich 
State fi rms that were unable to purchase the 60 permits distributed to 
the Rich State government. Under the per capita approach, a similar 
outcome would occur. If Poor State receives 96 permits, its govern-
ment would sell 76 of the permits to Rich State fi rms. The same is true 
for the redistributive approach.

Distribution

We have seen that under the status quo system, Rich State would raise 
revenues of $1,000 while Poor State would raise revenues of only 
$200. By contrast, the per-nation system would give Rich State rev-
enues of $600 and Poor State revenues of $600. The per capita system, 
where Poor State is four times as large as Rich State, gives Poor State 
revenues of $960 and Rich State revenues of $240. And under the 
redistributive system, Poor State would receive $1,200 and Rich State 
would receive $0.

These fi gures summarize the redistribution that occurs across 
nations. But it is also important to understand the per capita redis-
tributive effect of the various policies. Under the status quo system, 
Rich State receives $200 per capita, while Poor State receives $10 
per capita. Under the per-nation system, Rich State receives $120 per 
capita, while Poor State receives $20 per capita. Under the per capita 
system, Rich State receives $48 per capita, as does Poor State. Under 
the redistributive approach, Rich State receives $0 per capita, while 
Poor State receives $60 per capita (see Table 11.4).

To obtain a full understanding of the distributive effects of the alter-
natives, we need to take into account the benefi t side of the climate 
treaty. The permit system would reduce GHG emissions, resulting 
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in mitigation of climate change. These benefi ts could be the same for 
Rich State and for Poor State, or different. It is well known that the 
benefi ts of reducing climate change are not constant across nations.7 
Some nations have far more to lose than others from (say) an increase 
in global average temperature of 2.5 degrees Celsius, while some 
nations are likely to experience net gains from this level of warming. 
Under prominent projections, India and African nations are especially 
vulnerable, and the United States and China have signifi cantly less 
to lose; Russia might even gain. Here again we might consider both 
aggregate and per capita effects. Suppose that the mitigation benefi ts 
of a climate treaty produce benefi ts of $2,000 for one state and $0 for 
the other state, or $1,000 for both states. If the benefi ts accrue to Rich 
State in the fi rst case, then each of its few citizens receive a benefi t 
of $400; if the benefi ts instead accrue to Poor State, then each of its 
many citizens receive a benefi t of $100. In the second case, each Rich 
State citizen receives benefi ts worth $200 and each Poor State citizen 
receives benefi ts of $50. Table 11.4 summarizes the discussion so far.
The fi rst panel displays aggregate fi gures; the second panel displays 

7 See, e.g., Nordhaus and Boyer (2000), p. 91; and Anthoff et al. (2007).

Table 11.4 Distributive effects of permit allocation schemes

   Aggregate Net Benefi ts
 Permit Aggregate R: $2000 R: $0 R: $1000
System Distribution Revenue P: $0 P: $2000 P: $1000

Status quo 100/20 1000/200 3000/200 1000/2200 2000/1200
Per-nation 60/60 600/600 2600/800 600/2600 1600/1600
Per capita 24/96 240/960 2240/960 240/2960 1240/1960
Redistrib. 0/120 0/1200 2000/1200 0/3200 1000/2200

 Per Capita  Per Capita Net Benefi ts
 Permit Per Capita R: $400 R: $0 R: $200
System Distribution Revenue P: $0 P: $100 P: $50

Status quo 20/1 200/10 600/10 200/110 400/60
Per-nation 12/3 120/30 520/30 120/130 320/80
Per capita 4.8/4.8 48/48 448/48 48/148 248/98
Redistrib. 0/6 0/60 400/60 0/160 200/110
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per capita fi gures. The fi rst fi gure in each cell displays Rich State’s (or 
Rich State citizens’) gain; the second fi gure does the same for Poor 
State. The Permit Distribution column displays the distribution of 
permits, as depicted in Table 11.3. The Aggregate Revenue column 
multiplies these numbers by 10 to calculate revenues from the sale of 
permits. The fi nal three columns display net treaty benefi ts (revenue 
plus climate benefi ts) under the three different assumptions about 
how the benefi cial impacts of an effective climate treaty are distributed 
between the Rich and Poor State. The cells with bold fi gures show 
outcomes that are most nearly equal for the two states.

One can immediately see that there is a large difference between 
equalizing revenue (Column 3) and equalizing the net benefi ts of the 
treaty (Columns 4–6). Focusing on per capita effects (Panel 2), we can 
see that the per capita approach equalizes revenues, but it does not 
equalize treaty benefi ts under any of the three assumptions. Indeed, 
equalization of revenues can occur amidst gross disparities in treaty 
benefi ts—a point that raises serious questions about the idea that per 
capita distributions are fair.

The per capita approach in principle

From a welfarist perspective

The case for the per capita approach
In discussions about climate treaties, defenders of the per capita 
approach argue that this approach is fairer than likely alternative 
approaches, such as the status quo approach. This argument is espe-
cially prominent in the developing world, where it is asked: why 
should wealthy nations be given an entitlement to their existing emis-
sions rights? This question seems to be one of fairness, to which we 
will turn in due course. But it can also be translated into a plausible 
welfarist argument. It makes sense to begin with that argument, which 
is in some ways more tractable, and which will illuminate the fairness 
questions as well.

Welfarists care about two things: maximizing the size of the pie and 
distributing it equally. The larger the pie, the more that is available for 
everyone to consume, and all else equal, welfare should rise with con-
sumption. At the same time, most welfarists believe that the welfare, or 
utility, that is obtained from each additional good declines as consump-
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tion rises.8 If you have zero apples, you are willing to pay a lot for one 
apple. If you have ten apples, you are willing to pay much less, or zero, 
for an eleventh. We can easily see that if disincentive effects are small, 
welfarists would advocate redistribution of resources from wealthy 
nations to poor nations, or at least from wealthy people in wealthy and 
poor nations to poor people in wealthy and poor nations.

With respect to maximizing the size of the pie, we observed above 
that the per capita approach is no less ex post effi cient than any 
other approach. Thus, the welfare effects of different schemes depend 
entirely on their distributional effects; other things being equal, distri-
bution to those who are poor will increase welfare. To the extent that 
the larger countries tend to be poorer, the per capita approach will 
help poor people, and because poor people have the highest marginal 
utility for a dollar, helping poor people will maximize global welfare. 
Certainly compared to the status quo approach, per capita allocations 
seem supportable on welfarist grounds; at fi rst glance, they seem to be 
the right way to proceed. The examples of the United States on the one 
hand, and China and India on the other, are highly salient, because 
the former is rich and the latter two are poor by comparison. To the 
extent that the per capita approach would require the United States to 
give hundreds of billions of dollars to China and India, it might seem 
desirable on welfarist grounds.

At the outset, of course, there is a serious complicating factor, 
which has to do with the fact that future generations, including cur-
rently poor people, will almost certainly be wealthier than current 
generations.9 Emissions reductions will help poor people in the future, 
not poor people in the present, and it is not obvious that policymakers 
in wealthy nations should attempt to help future poor people, who are 
likely to be far less poor than present poor people. If the goal is redis-
tributive, current poor people almost certainly deserve priority. This 
point greatly complicates the claim that emissions reductions are justi-
fi ed on redistributive grounds. Note, however, that we are speaking of 
emissions rights, not emissions reductions, and emissions rights will 
benefi t people who are now living. For this reason, the  redistributive 

8 See Adler and Posner (2005). Note that this approach assumes that interper-
sonal comparisons of utility are possible.

9 This claim has been made by many people in many places, above all Thomas 
Schelling. See, e.g., Schelling (1997).
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argument, grounded in welfarist considerations, has considerable 
intuitive appeal.

Objections and Concerns
We have said that welfarists care about equal distribution, believing 
that money has diminishing marginal utility. From their perspective, 
the per capita approach has three serious defects. First and most 
fundamentally, the per capita approach is attractive from a welfarist 
perspective only insofar as larger states tend to be poorer. Not all large 
states are poor, and not all small states are rich; indeed, the opposite is 
frequently the case. The United States has a population of 301 million 
and per capita GDP of $46,000. Bhutan has a population of 2 million 
and per capita GDP of $1,400. The per capita approach seems to be 
a crude and even arbitrary way to redistribute wealth, certainly com-
pared to the pure redistributive approach that gives few or no permits 
to rich states and all or most of the permits to poor states, regardless 
of size. We assumed away this problem in our example above because 
we stipulated that Poor State was both bigger and (as befi ts its name) 
poorer. But that assumption (driven perhaps by the examples of the 
United States, China, and India) is incorrect.

Indeed, the relationship between population and wealth turns out to 
be essentially zero. For a demonstration, consider Figure 11.1.10

Clearly, there are rich small states (upper left), and poor big states 
(lower right), and everything in between. There is no statistically sig-
nifi cant correlation between population and GDP per capita.

Second, the permits—in the scheme that we describe—are distrib-
uted to both GHG winners and losers. Some poor states will become 
far poorer as a result of climate change; others are less vulnerable. 
Some rich states will face serious adverse effects from climate change; 
others are less vulnerable. Some poor states, and some rich states, may 
even be net gainers from climate change. Ideally, permits should be 
distributed in light of these consequences, but the per capita approach 
fails to take them into account. If distribution is our concern, why 
should two highly populated poor nations receive the same number 

10 The fi gure shows the natural logs of per capita GDP and population averaged 
over the years 1980 to 2000. Taking the natural log of the variables makes 
the data points easier to see in a manageable fi gure. The correlation coeffi cient 
between per capita GDP and population is –0.045 and is not statistically signifi -
cant. The data are taken from Heston et al. (2006).
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of permits from a program from which one gains a lot and another a 
little—or from which one gains a lot and another actually loses?

Third, the permits are allocated to the governments of poor states, 
not to the citizens of poor states. This distinction matters because 
nearly all poor states have a class of wealthy elites, and these wealthy 
elites usually control the government or have considerable infl uence 
over it. Given that the governments in these states already are unen-
thusiastic about redistributing wealth from the elites to the poor, it 
is questionable that they will use the wealth generated by a permit 
scheme to help the poor. They may well prefer to help the rich.

The fi rst two problems were illustrated in Table 11.4, above. 
The key point is that the intuitive attractiveness of the per capita 
approach depends on seeing it in isolation from all of the effects of a 
climate treaty. Once we take these factors into account, the per capita 
approach appears far less attractive, and on plausible assumptions, 
indefensible from the standpoint of the very accounts that would 
seem, at least at fi rst sight, to justify it most.

We agree that as a matter of actual practice, these defects are not 
necessarily fatal to the per capita approach. Everything depends on 
the alternatives. One might argue in response not that the per capita 
approach is ideal, but that it is superior to a system that is its most 

Figure 11.1. Relationship between population and per capita wealth
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likely alternative—one that uses status quo energy consumption as 
the  baseline and thus favors people living in wealthy and wasteful 
countries. Perhaps this response is correct. But it must acknowledge 
the underlying problem, which is that the per capita system is only 
indirectly connected to the underlying normative goal—indeed, so 
indirectly that it is conceivable in principle (although most unlikely 
in practice) that it has worse distributive effects than the status quo 
approach.

A welfarist should favor redistribution to the world’s poor to the 
extent that doing so is feasible and does not excessively reduce aggre-
gate global welfare. But if one is a welfarist, there is no reason to think 
that the per capita approach to climate regulation is the right way to 
redistribute wealth and thus to increase global welfare. It would be 
much better to redistribute all resources than to redistribute shares of 
the atmosphere’s capacity to absorb GHGs; it would be much better to 
redistribute resources to poor people rather than to poor nations; and 
it would be better to redistribute to the poor nations rather than to the 
large nations. And if redistribution is to occur in the specifi c context 
of a climate treaty, the redistributive approach, sketched above, would 
be much better than the per capita approach.

These points bear directly on the “who pays” question for both 
emissions reductions and for adaptation. Suppose that we take dis-
tributive justice seriously. If so, we might conclude not that the per 
capita approach is best, but that wealthy nations should pay poor ones 
for emissions reductions, for adaptation, or for both. This claim itself 
runs into serious objections, which we cannot explore here;11 but it is 
more plausible than the claim for per capita emissions allocations.

Arguments in favor of per capita distribution have, so far, focused 
on what we have called ex post effi ciency effects, and neglected the 
possible ex ante effects of the distribution scheme. The ex ante effect 
of a climate treaty refers to its effect on future programs, including 
those that have nothing to do with GHGs. Any treaty will establish 
a precedent on which states will rely, at least in part, as they negoti-
ate additional treaties in the future. For example, if the per capita 
approach is used for a climate treaty, then it will suggest itself as a 
basis for allocating the costs of a terrorism treaty.

11 For further discussion, see Posner, Sunstein, and Weisbach (forthcoming 
2009).
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Suppose, then, that a climate treaty based on the per capita approach 
established a precedent. How might such a precedent infl uence behav-
ior, compared to the baseline status quo approach? It would create 
two perverse incentives.

First, the per capita principle would establish that the most highly 
populated states would obtain the greatest benefi ts from international 
cooperation. Governments would be rewarded for pursuing fertility 
policies that maximize the size of the population. This incentive is espe-
cially perverse from the perspective of climate change, because more 
people will consume more of the earth’s resources (though, conceiva-
bly, more effi ciently). Second, to the extent that the per capita approach 
favors poorer countries (and that is its only normatively attractive 
feature), the principle would establish that poorer states would obtain 
the greatest benefi ts from international cooperation. Governments that 
adopt sensible policies that promote economic growth would be penal-
ized by this principle. This incentive is also perverse.

What system, then, is optimal for ex ante effi ciency? The ideal 
principle would give states an incentive to identify global problems 
in advance and negotiate treaties to solve them, and otherwise not 
affect their incentives to control their populations, invest in institu-
tions, and so forth. Such a principle would be, at a minimum, a form 
of International Paretianism, so that states believe that they will not 
be made worse off by a legal solution, a belief that would discourage 
states from entering treaty negotiations.

But treaties that solve problems generate surpluses beyond the 
amount necessary to make states indifferent between entering and 
not entering a treaty. What should be done with the surplus? It is 
tempting to think that one can distribute the surplus without affecting 
incentives ex ante, but this is highly implausible. (If one can, then one 
would probably want to distribute the surplus to the poorest countries 
rather than on a per capita basis, which, as we have been arguing, is 
morally arbitrary.)

From an effi ciency perspective, the best use of the surplus would 
be to reward the states that had taken steps in advance of the treaty 
to abate GHG emissions.12 These states would probably be the 

12 Hence the scholarly support for banking systems under which any future 
climate treaty would reward states that make abatements efforts prior to treaty 
ratifi cation. See, e.g., Kinzig and Kammen (1998).
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European states that accepted binding reductions under the Kyoto 
Protocol, though there are complexities here, since not all European 
states accepted meaningful reductions and others were simply taking 
advantage of independent technological and demographic changes 
in their country.13 The larger point is that such a distribution would 
establish a precedent to the effect that when a global problem exists, 
states that respond quickly and in advance of a treaty will not be 
penalized.

It emerges that from the standpoint of ex ante effi ciency, the per 
capita approach has serious drawbacks, even when compared with 
the seemingly unattractive status quo approach. As we have indicated, 
these drawbacks cannot be evaluated without knowing the magnitude 
of the effects. If, for example, a climate change agreement had small 
consequences for population growth, and had little effect on incen-
tives in the context of other international agreements, the drawbacks 
would not be a substantial concern. Our only point is that they must 
be investigated in order to obtain a full account of the welfare effects 
of the per capita approach.

Fairness

Fairness can be specifi ed in multiple different ways. We venture three 
specifi cations here in an effort to see whether the per capita approach 
can be defended on fairness grounds.

Fairness and the veil of ignorance
Many people reject the idea that questions of global justice should be 
approached in welfarist terms (Pogge 1989; Nussbaum 2006). In their 
view, the goal is not to promote aggregate social welfare; it is instead 
to do what fairness requires. Arguments of this kind often posit a veil 
of ignorance, or “original position,” from which allocations might 
be chosen (Rawls 1999). In the standard version of this argument, 
people behind the veil do not know various circumstances of their 
lives; they do not know their place in society, their social status, their 
class position, or even their natural assets (such as intelligence and 
strength) (Rawls 1999). The central claim is that the principles that 

13 See Harrison and Sundstrom (2007) for a description of the differential effects 
of the Kyoto Protocol on European countries.
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would be chosen behind the veil qualify as fair, because they ensure 
that  outcomes are not a product of factors or considerations that are 
irrelevant from the moral point of view.

Many people who are attracted to this claim also want to suppose 
that choosers are made ignorant of the nation in which they might 
fi nd themselves (Pogge 1989). If deprived of that information, what 
distributive principles would they select? It is possible that in the inter-
national context, as in the domestic one, they would select welfarist 
ones. Perhaps people would choose to maximize overall welfare, if 
placed behind the veil.14 But it is also possible that they would take 
particular care to protect the least well-off, perhaps through a version 
of Rawls’ difference principle, which permits inequalities only to the 
extent that they operate to the benefi t of the least advantaged (Rawls 
1971). There is a vigorous debate over the application of that prin-
ciple, or imaginable variations of that principle, to the international 
domain.15

We need not pause over the philosophical complexities here. The 
basic point is that welfarism is rejected by many people who believe 
that severe deprivation for some cannot be justifi ed by large welfare 
benefi ts for many, and that fairness is often taken to require attention 
to those who face such deprivation, whatever is suggested by the wel-
farist calculus.16

Consider a common sense specifi cation of this claim, adapted to the 
climate change problem. Some nations are much richer than others, in 
a way that violates the requirements of justice. Perversely, the status 
quo approach creates a kind of entitlement to the continuation of 
practices that violate those requirements. No such entitlement can be 
defended. A climate change agreement would be unacceptably unfair 
if it makes it more diffi cult for poor nations to develop—especially 
because development is designed to remove their citizens from dif-
fi cult conditions and to achieve something closer to the threshold or 
to equality with wealthy nations. A per capita approach is the most 
fair, because it allows every citizen to count for no less and no more 

14 See Harsanyi (1975) for an argument that people would choose to maximize 
average utility, behind the veil of ignorance.

15 For varying perspectives, see Pogge (1989); Nussbaum (2006), at 273–324.
16 It will also be rejected by those who believe that principles of justice do not 

extend across borders. See, e.g., Rawls (1971); and Nagel (2005).
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than one, in a way that respects the moral irrelevance of national 
boundaries.

We do not intend to challenge these general points about fairness 
here. Our basic claim is that if they are taken as a defense of the per 
capita approach, they run into serious diffi culties. The reason is that 
the central objections to the welfarist argument rematerialize when 
fairness, understood in the stated way, is our guide. To the extent that 
some of the most populous states are wealthy, the per capita approach 
is not fair at all; to that extent, it has some of the same vices as the 
status quo approach. Per capita allocations also have the disadvantage 
of giving numbers of permits to highly populated nations that have 
relatively little to lose from climate change. And it remains true that 
permits are allocated to the governments of poor states, not to the citi-
zens of poor states, and allocations to such governments may not help 
those who are most in need. If fairness requires redistribution across 
national boundaries, the status quo approach runs into signifi cant 
trouble, and the per capita approach is better; but those interested 
in global redistribution would hardly choose that approach among a 
menu of possibilities.

The atmosphere as common property
There is another type of fairness argument, to the effect that the atmos-
phere, with its benefi cial carbon-absorbing characteristics, is common 
property, belonging to everyone in the world.17 A climate treaty closes 
a commons, converting it into private property. It is only fair to dis-
tribute the parcels of property to the former users of the commons, 
namely, everyone in the world, on a per capita basis. One might draw 
an analogy to minerals discovered in the sea bed under the high seas, 
which are outside the sovereignty of any country. The Convention on 
the Law of the Sea provides that revenues from exploitation of these 
minerals should be distributed “equitably.”18

But the analogy is at best partial and in fact reveals the limits 
of this argument. A climate treaty, like a treaty that allows for the 
exploitation of minerals, has two effects of present interest. First, 
both treaties generate revenues—for permit sellers, in the climate case, 
and for mining companies, in the mineral case. Second, both treaties 

17 See, e.g., Grubb et al. (1992), at 318–19; and Ott and Sachs (2002).
18 See United Nations Convention on the Law of the Sea, Art. 140.
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 generate benefi ts for consumers—people who benefi t from abatement 
of climate change, and people who benefi t from the lower price of, 
say, oil. Because virtually everyone benefi ts from lower oil prices, the 
effect is spread around the world. Thus, the only remaining question 
in the case of the mineral treaty is how to distribute revenues fairly. 
In the climate case, the climate effects are extremely variable—hurting 
some people very badly, others not all, and benefi ting still others. 
From the standpoint of fairness, it would be stranger to ignore these 
latter effects while considering only the revenue effects. The analogy to 
property is not helpful; it distracts from the relevant question, which is 
the distribution of all treaty effects across the world’s population.

Feasibility issues

Thus far our focus has been on issues of principle. But any climate 
change agreement must be feasible. The poignant irony is that insist-
ence on the fi rst-best outcome, as a matter of principle, may make 
the climate change problem intractable, in a way that could lead to 
disaster from the standpoint of the very nations that are poorest and 
most vulnerable.

State consent and International Paretianism

Treaties require the consent of treaty partners, and so states must 
believe that by entering a treaty, they are serving their national inter-
est. Of course, the idea of national interest can be specifi ed in many 
different ways. But as a fi rst approximation, nations care about the 
welfare of their own citizens—the welfare of citizens in other places 
is not a primary consideration and may not matter greatly.19 A work-
able climate treaty will have to be one that serves the interests of the 
United States and other major industrial nations, including develop-
ing nations such as China and Brazil. We use the term International 

19 The best evidence for this proposition is the pattern of foreign aid. Poor coun-
tries, understandably, do not provide foreign aid, but middle-income countries 
also do not seem to feel that they have a responsibility to help people living in 
poorer countries. Rich countries provide foreign aid but are not generous, and 
scholars have shown that much (but not all) foreign aid can be traced to specifi c 
strategic interests. See, e.g., Alesina and Dollar (2000).
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Paretianism to refer to this pragmatic constraint on treaty-making: A 
treaty is not possible unless it makes all its signatories better off.

It should be clear, from the foregoing discussion, that we reject 
International Paretianism in principle. From a welfarist perspective, a 
step such as genocide prevention might be justifi ed even if its national 
benefi ts are exceeded by its national costs, so long as the global bene-
fi ts exceed the global costs. The only point is that domestic self-interest 
imposes a signifi cant limitation on what is feasible, and that nations 
should not be expected to sign a climate change agreement from which 
they are large-scale net losers. China is not likely to sign an agreement 
that would cost it, on net, hundreds of billions of dollars each year; 
the same is true of the United States. An important question, then, 
is whether a proposed allocation of emissions rights will require one 
nation to give a great deal, in monetary terms, to others.

The pragmatic virtue of the status quo approach is that it takes seri-
ously these political constraints on treaty-making. The corresponding 
problem with the per capita approach is that it would require smaller 
industrial states to buy permits from larger developing states, violating 
International Paretianism.20 There is little reason that the rich states 
would be willing to agree to such an approach. The behavior of the 
United States, with respect to the Kyoto Protocol, is revealing in this 
regard. The United States would have had to spend a great deal to 
comply with its obligations; it is no accident that no member of the US 
Senate, Democratic or Republican, supported ratifi cation.

To be sure, most wealthy nations send foreign aid to developing 
nations, and so it would be a mistake to defi ne their national interests 
in purely economic terms. We have noted that nations are capable of 
being altruistic. A country’s national interest might be understood as 
some combination of altruistic and economic interests, a combination 
already refl ected in their foreign aid as well as economic policies. The 
nature of the combination will vary with domestic political pressures. 
To the extent that powerful domestic constituencies want to assist 
those in other nations, the altruistic elements will be magnifi ed. One 
might argue that, given the current level of altruism, nations would be 
willing to adopt the per capita approach.

20 To be sure, various transition measures could be used to ease the burden of 
states up until some future period at which a per capita system would go into 
effect.
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The problem is that the existing level of foreign aid is probably not 
greatly lower than the amount that rich states are willing to pay in 
order to be altruistic. Such nations are unlikely to agree to massive 
increases in the redistribution of wealth by entering a climate treaty 
that requires them to bear most of the cost of GHG abatement. To 
insist on the per capita approach, then, is most likely to subvert the 
best chance for a climate treaty and hence to render the climate change 
problem intractable—a special problem for poor nations that are par-
ticularly vulnerable to climate change impacts.

Defective government and alternative means to redistribute

As is well known in the development literature, redistributing wealth 
to poor nations is not easy or obvious.21 Large cash grants to govern-
ments are often siphoned off by corrupt offi cials. Loans are similarly 
abused and often not repaid. Grants and loans not lost to corruption 
are nonetheless often wasted because the donee government lacks 
the expertise and institutional capacity to identify problems, monitor 
the disbursement of funds, and use them effectively.22 Donors have 
devised numerous means for monitoring and controlling the use of 
funds, but these often fail and frequently generate resentment. In some 
cases, donors misunderstand the needs of the countries they are donat-
ing to and squander funds on projects that do not help the people who 
live there; in other cases, donors impose conditions that are politically 
controversial and even destabilizing (Djankov, Montalvo, and Reynal-
Querol 2005). Donors have also tried to circumvent corrupt or inept 
governments by directing aid to individuals and NGOs rather than 
governments. But small donees are hard to monitor and control, they 
may have limited impact, and aid programs involving multiple recipi-
ents are hard to coordinate.23

Now consider a climate treaty, which most likely would require the 
allocation of valuable permits to the governments of poor states—the 
same corrupt or ineffective governments that have misused foreign 

21 For pessimistic empirical assessments of the relationship between aid and eco-
nomic growth, see Djankov, Montalvo, and Reynal-Querol (2006); Easterly, 
Levine, and Roodman (2004); and Barro and Lee (2002).

22 See, e.g., Easterly (2006).
23 See, e.g., Acharya et al. (2004) (pointing out the costs to donee countries from 

dealing with multiple donors).
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aid. It seems highly likely that some of these governments will misuse 
these permits as well—transferring them to cronies, for example. Even 
if the governments of developing countries are not corrupt, they will 
still not necessarily use revenues from permits in the way that donor 
countries, motivated by altruism, would want them to. Recall that the 
per capita approach was justifi ed by redistributive concerns: all else 
equal, a climate pact that favored developing nations would be desir-
able. If large countries tend to be poor, then the per capita approach 
has attractive redistributive features. The redistributive approach is 
even better than the per capita approach, according to this view. But if 
the redistributive approach is not practicable, the per capita approach 
might be second best.

Any realistic climate treaty will do no more than allocate permits 
to the governments of developing nations. After these nations sell the 
permits, they will be free to use the revenue however they want to. 
But the governments of developing nations are not particularly gener-
ous to their poor. In a state like Guatemala, for example, taxes are 
low, apparently because wealthy people disproportionately infl uence 
the political process.24 It seems unlikely that the Guatemalan govern-
ment, if it receives a windfall of permits, will redistribute the revenues 
to the poor.

The point for present purposes is that it would be hazardous to 
repeat the errors of development policy by using a climate treaty as an 
opportunity to engage in foreign aid. The distribution of permits on 
a per capita basis, by favoring poor states, would represent just such 
an effort. If giving piles of cash to poor states has failed to help them, 
then giving them piles of permits will also fail to help them. To the 
extent that this is so, such states should receive no more permits than 
are necessary to cause them to internalize the external climate effects 
of polluting activity.

Conclusion

We have urged that claims from both welfare and fairness fail to 
provide strong support for the per capita approach. A central problem 
is that some wealthy nations have large populations and some poor 
nations have small populations. Per capita allocations of emissions 

24 See, e.g., United Nations (2007).



368 Eric A. Posner and Cass R. Sunstein

rights would result in substantial benefi ts for China and India, both of 
which are poor. But many nations are signifi cantly poorer than those 
nations, and a directly redistributive approach would be a far more 
effective way of assisting those who need help. Moreover, any interna-
tional agreement will benefi t some nations more than others and cost 
some nations more than others. In these circumstances, the per capita 
approach gives the appearance, not the reality, of fairness.

It remains true that from the standpoint of welfare and fairness, per 
capita allocations would be far better than the status quo approach. 
But here as elsewhere, the best is the enemy of the good. A climate 
treaty that included the optimal level of emissions would be good. A 
climate treaty that included the optimal level of emissions reductions 
and the optimal level of redistribution would be better still. But it is 
much less likely to be possible. On welfarist grounds, and putting 
incentive effects to one side, the redistributive approach is superior to 
the per capita approach, which is in turn superior to the status quo 
approach. Unfortunately, the best approaches in principle are also 
least likely to be feasible in practice. Insisting on the best approaches 
would likely defeat current efforts, themselves admittedly fragile, to 
take signifi cant steps to reduce GHG emissions, and in the process 
harm poor nations, which are most vulnerable to the climate change 
problem.

Our discussion has focused on per capita allocations, not on other 
approaches to addressing current disparities of wealth across nations 
in a climate policy context. It would be possible to accept our conclu-
sions while urging that wealthy countries should pay for emissions 
reductions in poor nations, or should help fund the costs of adapta-
tion. But even here, our analysis raises some cautionary notes: in 
practice, such approaches may run afoul of International Paretianism, 
and it must be asked whether the relevant payments are, in principle, 
an effective or instead a crude way of assisting those who need help. 
More recent proposals, which combine fi nancial and technical assist-
ance to the South, plus soft targets for developing countries, run the 
risk of failing to address the climate problem (because developing 
countries will eventually be the worst emitters, whether they receive 
assistance or not) or failing to comply with the feasibility criterion 
(because wealthy nations will not spend more than they gain from a 
climate treaty). At least it can be said, however, that targeting adap-
tation assistance to poor nations, or to poor people in poor nations, 
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would be far better than many other current proposals for combining 
climate change policy with distributive justice.
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12 Toward a post-Kyoto climate change 
architecture: a political analysis
Robert O. Keohane and
Kal Raustiala1

Reports of the Intergovernmental Panel on Climate Change (IPCC) 
make it clear that the risks of global climate change are even greater 
than previously realized.2 Yet commensurate progress in negotiating 
a meaningful future agreement remains elusive. Since maintenance of 
a stable climate is a public good, both theory and history suggest it 
will be undersupplied. Furthermore, the costs of climate change will 
largely fall on politically weak developing countries, whereas the costs 
of emissions reduction will largely fall on industrialized countries. 
Consequently, agreement on any meaningful international regulatory 
system has been and will continue to be very diffi cult. With the 1997 
Kyoto Protocol coming to an end in 2012, however, the design of a 
new regulatory regime is essential.

Any international regime aimed at the mitigation of climate change 
must solve three problems: (1) secure suffi cient participation to be 
effective; (2) achieve agreement on rules that are meaningful, so that 
if they were followed, climate change would indeed be mitigated; and 

1 The authors are indebted for comments on earlier drafts of this chapter to the 
organizers of this project, Rob Stavins and Joe Aldy, to Deborah Avant, Scott 
Barrett, Dan Bodansky, Peter Gourevitch, Jeffrey Frankel, Diana Liverman, 
Michael Oppenheimer, Josh Rigs, David Victor, Jonathan Wiener, and an 
anonymous referee. We also thank participants in the Harvard Project on 
International Climate Agreements Workshop, March 13–14, 2008, particularly 
Scott Barrett, Daniel Bodansky, Richard N. Cooper, Denny Ellerman, Nathaniel 
Keohane, William Pizer, and Kenneth Richards; and to helpful commentators 
in audiences at Cambridge University, Oxford University, UCLA, UC Irvine, 
and NYU, especially Richard Stewart and Benedict Kingsbury, convenors of the 
NYU seminar on Global Administrative Law. We appreciate research assistance 
from Ranee Adipat.

2 For the reports, see the website of the Intergovernmental Panel on Climate 
Change (IPCC): www.ipcc.ch.
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(3) ensure compliance with the rules.3 That is, it must solve problems 
of participation, effectiveness, and compliance. Solving all three prob-
lems simultaneously is particularly diffi cult, since these goals are often 
in tension. The most direct trade-off is between participation and the 
strictness of the rules, since as rules become stricter, reluctant states 
become even more reluctant to be bound by them.4 Similarly, as par-
ticipation becomes wider, agreement may only become possible on lax 
rules.

These problems require careful institutional design. But they cannot 
be solved without political commitment by national leaders. In democ-
racies this means that the broader public must share that commitment. 
Gaining public commitment is a necessary condition for effective 
action, but it too is not suffi cient. Commitment that leads to a poorly 
designed institutional structure—which fails to provide suffi cient 
incentives to reduce emissions of greenhouse gases (GHGs)—will not 
solve the problem. Social scientists cannot create political commit-
ment: climate scientists, NGOs, the media, and politicians have to play 
the principal roles. But we can think about ways to design institutions 
that contribute to effectiveness, contingent on the requisite political 
commitment. The standard that should be applied to an institutional 
design such as that proposed in this chapter is whether, given a level of 
political commitment, it will increase the likelihood of a satisfactory 
solution to the tripartite requirements of an effective regime: participa-
tion, suffi ciently strict rules, and a robust compliance system.

Our goal in this chapter is to sketch such a design, particularly its 
compliance system, with careful attention to the realities of world poli-
tics. The fi rst section discusses participation. Without participation by 
major emitters, no regime will be effective. The next section analyzes 
the problem of compliance and argues that a system of buyer liability 
under a cap-and-trade regime for limiting emissions is essential. We 
offer a unique version of buyer liability, in which emissions permits 
are annual and all permits from a given jurisdiction receive the same 
value. The last two sections of the chapter discuss the critical problem 
of assessing compliance with emissions caps and address potential 
weaknesses of the system we propose, including providing responses 

3 Barrett 2003.
4 Downs, Rocke and Barsoom, 1996; Raustiala and Slaughter 2002; Raustiala 

2005.
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to these criticisms. Throughout, we write from the standpoint of the 
politics of international cooperation; our policy recommendations for 
a post-Kyoto system take into account the more technical literatures 
on compliance and liability but fl ow directly and primarily from our 
political analysis.

The attractions of a cap-and-trade architecture for 
participation

Only a cap-and-trade architecture is likely to make it politically possi-
ble to secure suffi cient participation to get a climate-change mitigation 
regime up and running. Recently, there has been some disillusionment 
with comprehensive approaches to cap and trade on the part of climate 
analysts attuned to political issues.5 Critics of proposals for a compre-
hensive regime point to many problems, in particular the diffi culties 
of negotiating national emissions quotas, linking domestic regulatory 
systems coherently, monitoring implementation, avoiding renegotia-
tion, and ensuring compliance with international obligations.

In light of these diffi culties, a variety of proposals have been put 
forward for other architectures, including both carbon taxes and a 
more eclectic approach that the editors of this volume characterize as 
“harmonized domestic policies.” These more decentralized architec-
tures avoid the formidable negotiation problems involved in setting up 
a comprehensive cap-and-trade accord. They also would prevent the 
need for large fi nancial transfers among countries, which raise political 
problems in sending countries and give rise to possible adverse effects 
resulting from corruption or economic distortions in recipients. We will 
briefl y consider harmonized policies and then turn to carbon taxes.

In our view, true harmonization of national policies is extremely 
diffi cult—as even the experience of the European Union shows—and 
a non-integrated patchwork of national “policies and measures” will 
prove insuffi cient to deal with the climate change problem. Moreover, 
neither strategy adequately addresses the wide variance among states 
in political commitment to addressing climate change. That is, neither 
provides suffi cient incentives for governments whose publics are 
 indifferent to the climate problem to contribute to this global public 

5 See the articles by Scott Barrett, Thomas Schelling, and David Victor in Aldy 
and Stavins (2007).
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good. In other words, these approaches lack the institutionalized 
transmission belts that we believe are critical to long-term success on 
a global scale. If only a few countries implement effective policies and 
measures to mitigate climate change, the overall response will surely 
be inadequate. What is needed is a system that will draw in many 
states, or at least the most important set of major emitters.

Advocates of harmonized policies and measures typically respond 
to this objection by proposing some form of project-by-project aid 
to countries that are reluctant to act. But this raises a second key 
problem. Each such project will encounter high transaction costs—the 
costs of negotiating and enforcing agreements—which will cumulate 
across projects in a way that will tax the institutional capacity even of 
wealthy countries. Thousands of projects would have to be designed, 
agreed upon, and ultimately enforced. The existing evidence on imple-
mentation gives little reason to believe that this is possible.

Indeed, we have ample experience from foreign aid conditionality 
to counsel great caution. The dilemma of conditionality is that if the 
project has high priority for the government, the government will 
do it anyway, so that aid simply makes resources available for other 
projects. If the project has low priority, the government is likely not to 
devote the high-quality personnel and other inputs, complementary 
to the foreign aid, to assure that it will work. Compensatory efforts, 
when engaged in, for example, by the International Monetary Fund 
(IMF), have led to a proliferation of conditions without improving 
compliance.6 New conditions generate new efforts to evade them; 
and as conditions multiply, it becomes more diffi cult to insist on any 
one of them as crucial. As a result, transaction costs increase without 
corresponding improvements in performance. Moreover, determin-
ing that a project actually mitigated emissions as compared with 
“business as usual” is extremely diffi cult. Such a determination of 
“additionality” involves constructing a counterfactual baseline: what 
would have happened in the absence of the aid. Since this baseline is 
unobservable, it is impossible to determine it with a high degree of 
confi dence: This is what is known as the “fundamental problem of 
causal inference.”7 The complexity of such projects will compound 

6 Mosley, Harrington, and Toye 1991: 61; Leandro, Shafer, and Frontini 1999; 
Stone 2002; Barnett and Finnemore 2004.

7 Holland 1986; King, Keohane, and Verba 1994: 79–80.
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this problem, as will the inevitable political inference with efforts to 
evaluate them.

The Clean Development Mechanism (CDM) of the Kyoto system 
illustrates these problems. The CDM funds projects as part of an 
emissions credit system: Members of the European Union Emission 
Trading System (EU ETS) purchase these credits in a growing market 
that even in 2006 was on the order of $30 billion.8 The CDM experi-
ence to date supports our pessimism. Host governments seek certifi -
cation of proposed credits and deal with verifi ers who are dependent 
on the host governments for future business; furthermore, purchasers 
do not have a stake in assuring that projects are genuine, as long as 
they are certifi ed. Normally, buyers limit the opportunism of sellers 
because they care about the quality of products or services, but in the 
case of the CDM, the buyers only care that someone else has certi-
fi ed the product they are buying as valid (Wara and Victor 2008). 
The CDM also produces perverse incentives—indeed, it “reduces the 
incentives of developing country governments to enact policies reduc-
ing emissions,” since by doing so they would reduce the credits they 
could earn from projects that, in a particular situation, correct the 
results of bad incentives.9

To summarize, project-oriented mechanisms for mitigating climate 
change, which will likely be attached to any harmonization-oriented 
policy scheme, have three disadvantages: they fail to send a compre-
hensive price signal to investors and governments; they incur very high 
transaction costs; and they require counter-factual determinations to 
assess additionality. Cap-and-trade approaches are markedly superior 
on all three counts. Before moving to abandon them, we should try to 
make them politically and institutionally feasible.

Global carbon taxes also avoid these varied problems, and there 
are strong purely economic arguments for them. For this reason many 
prominent economists favor carbon taxes.10 But taxes face major 
political hurdles. Most signifi cant is the effect on reluctant states. 
Taxes would impose economic burdens on the industries of develop-
ing states without offering the offsetting gains of being able to sell 
emissions permits under a cap that made allowance for their much 

8 Hepburn 2007: 377.
9 Hepburn 2007: 386.

10 Cooper 2008.



Toward a post-Kyoto climate change architecture 377

lower historic and per capita emissions. It therefore seems unlikely 
that developing countries, including China and India, would agree to 
such an arrangement, since these countries have refused to be bound 
by binding caps even when they would be compensated for doing 
so. Cap and trade has the enormous advantage that permits can be 
set in excess of future business-as-usual emissions for those reluctant 
to join the system. In other words, reluctant countries can be given 
“hot air.”

Although granting hot air is essential to obtaining the participation 
of reluctant states, this will shift more of the burden of real abate-
ment to committed states. However, as a political matter this cuts 
both ways. Those who want to see swift and aggressive emissions 
reductions will resist giving out hot air; but the enterprises and other 
entities in the industrialized democracies that will actually be taking 
on the largest commitments will favor it, as it will reduce the price of 
permits they will need to buy in a cap-and-trade system. None of this 
vitiates the major problem with hot air, which is that, by defi nition, 
hot air does not represent real emissions reductions. We recognize 
this, but believe that some hot air is essential to jumpstart the trading 
system. Over time, as we discuss below, it is equally essential that hot 
air allocations be eliminated. That is, any cap-and-trade system needs 
to chart a path toward genuinely binding caps on all signifi cant emit-
ters of GHGs.

Cap and trade is also a more likely global approach than carbon 
taxes because the EU has committed to it after a long period of resist-
ance. Once the EU has gone through the painful process of reaching 
internal agreement, it is notably averse to change. Moreover, the polit-
ical system of the United States, the world’s second largest emitter, is 
famously hostile to new taxes. Indeed, even the relatively trivial energy 
(BTU) tax suggested by the Clinton Administration went nowhere, in 
part because of this aversion to taxes. For all these reasons we believe 
that a global carbon tax is less politically feasible than an emissions 
trading system, and we therefore assume—as a basis for our discussion 
of compliance—a cap-and-trade regime such as has been discussed in 
this volume and in earlier work by Jeffrey Frankel.11 We recognize 
that other policy elements will likely be present in any future regime, 

11 Frankel 2007 and this volume.
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such as technology transfer provisions and adaptation measures. At 
the core, however, will likely be some form of trading.

Despite all these advantages, the task of negotiating a comprehen-
sive cap-and-trade system will be daunting. Incentives for the most 
reluctant countries—or those that can bluff being most reluctant—to 
hold out for a better deal would be very great.12 Although it would in 
principle be desirable to maintain the existing United Nations process 
of negotiating a universal treaty, and although the legitimacy of such 
a regime would be enhanced by its universality, it would be foolish to 
commit so irrevocably to an arrangement that gives potential hold-
outs veto power. The option of beginning with a smaller “club” of 
major contributors to global warming, plus any other states that chose 
to join, or of linking various different cap-and-trade systems (Jaffe and 
Stavins 2008) should be maintained.

Any club-like arrangement should, like the Kyoto Protocol itself, 
be open to the accession of all countries on generally known terms. 
A club with attractive incentives to join—for example, the prospect 
of substantial revenues from permits—would exert a strong magnetic 
pull. Whatever the ultimate structure, climate institutions must be 
designed to attract participants—such that, for example, the thirty 
largest Indian industrialists are motivated to meet with the Prime 
Minister and demand that India join the cap-and-trade system so that 
they can sell into it.13

In short, we favor cap and trade as the basic approach, but do so 
cognizant of the many problems it faces. We are not confi dent that 
such a system will work. However, we think it has the best political 
prospects of any plausible climate system, and we believe that careful 
institutional design can help ensure feasibility. For these reasons we 
view our proposal for a cap-and-trade regime coupled to buyer liabil-
ity much like Churchill viewed democracy—the worst imaginable 
system, but for the alternatives.

The political logic of a buyer liability system

The fundamental problem of compliance in world politics is that it is 
virtually impossible to force powerful states to comply with interna-

12 On such bargaining problems see Fearon 1998.
13 Personal conversation, Nathaniel Keohane, September 2008.
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tional rules through a collective process. Rules that purport to ensure 
compliance lack credibility ex ante. Even where sovereignty has been 
curtailed, as in the EU, it remains very diffi cult to enforce international 
rules externally. In 2005 the EU could not even enforce, against France 
and Germany, its elaborate system of fi nes against states that exceeded 
its fi scal defi cit limits—despite the fact that Germany had been the 
principal advocate of this disciplinary system in the fi rst place.14

Diffi culties of enforcement yield two common outcomes with regard 
to international agreements. One is the negotiation of weak or vague 
international commitments that largely match existing behavior. This 
outcome is particularly common in the environmental realm, where 
agreements have often been struck that exhibit high compliance—
because they are carefully tuned to the status quo—yet do little to 
infl uence actual change in behavior.15 An equally undesirable outcome 
is the negotiation of ambitious (but sometimes vague) rules that are 
frequently violated. When untethered to any meaningful monitoring 
and compliance system, ambitious international rules run the risk of 
substantial non-compliance. This pattern of over-ambition followed by 
widespread non-compliance has been observed with respect to human 
rights treaties. Some have argued that such agreements actually make 
the underlying problem the treaty was intended to address worse.16

More specifi cally, there are at least three major political constraints 
on compliance provisions for a comprehensive cap-and-trade regime. 
Proposals that ignore these constraints will either not be implemented 
or will be ineffective if implemented.

1. Post-hoc penalties on powerful sellers are infeasible. Non-compliant 
sellers whose participation in the regime is essential for its effi cacy 
could renegotiate emissions limits in their favor, wielding the threat 
of exit from the regime. Non-compliant sellers with other sources 
of political power could use those sources of power to punish or 
threaten states that seek to impose sanctions for non-compliance.

2. Any system that requires interstate negotiations to determine 
arrangements for compliance will be subject to political strat-
egy and pressure. The point here is the one that Randall Stone 
makes about the International Monetary Fund (IMF) in Lending 

14 See www.eubusiness.com/Finance/ecofi n-council.06.
15 Victor, Raustiala, and Skolnikoff (1998) provide many examples.
16 Hathaway 2002.
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Credibility.17 The IMF relaxed the rules on powerful states such 
as Russia under pressure from Russia’s supporters, particularly the 
United States. Another possible result of interstate negotiations is 
deadlock, so that no rules are agreed.

3. Any system that can be manipulated, or “gamed,” will be. The 
stakes are too high for such manipulation to be avoidable.

The Kyoto Protocol nonetheless contains compliance provisions 
built around the idea of external enforcement. States that violate 
the caps on emissions can in essence “borrow” emissions from the 
next commitment period with a 30 percent penalty. As a response to 
sudden fl uctuations beyond the control of states that are genuinely 
committed to meeting their long-term targets, this approach makes 
some sense. But it does not constitute an effective enforcement mecha-
nism. Since states have yet to negotiate those future limits they can 
build the “penalty” into their future allocation.18 Moreover, as in 
many international treaties the Kyoto Protocol permits any party to 
exit at will. As a result, the Kyoto arrangements are akin to requiring 
homeowners who default because they cannot afford their mortgage 
payments to pay a higher interest rate next year, without any provi-
sion for foreclosure but with the opportunity for the borrower, in 
the future, to reset the terms of the loan or simply walk away largely 
unscathed. In other words, they open the door to renegotiations and 
exit threats and introduce a serious problem of moral hazard.

The unrealistic nature of these provisions suggests the futility of 
a collective system for external enforcement. One alternative could 
be tariffs based on carbon or GHG content, imposed against coun-
tries that failed to adhere to an agreed international cap-and-trade 
regime.19 If followed universally, authorization to impose such tariffs 
could provide incentives for states to enter, and abide by, a climate 
regime. But if the offender were a powerful state, many countries 
would hesitate to impose tariffs, weakening the incentives for com-
pliance. In states that did impose trade sanctions, on the other hand, 
decisions on the level of these tariffs would be subject to  manipulation. 

17 Stone 2002.
18 See Article XV(5)a in Procedures and Mechanisms Relating to Compliance 

Under the Kyoto Protocol, FCCC/CP/2001/L.21, available at http://unfccc.int/
resource/docs/cop7/l21.pdf.

19 We thank an anonymous referee for this suggestion.
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Indeed, protectionist interests would surely seek to use them for their 
own purposes. (There are also likely to be complex issues relating to 
the rules of the World Trade Organization, if any of its more than 
150 member states is involved.) We propose below a system of buyer 
liability for permits that has desirable incentive effects without either 
requiring weak states to punish strong ones or creating opportunities 
for protectionist manipulation.

No system will be perfect. But fortunately, perfect compliance with 
a cap-and-trade regime is not required.20 Compliance merely has to be 
strong enough to sustain trading in the near term and to make states’ 
commitments to reduce emissions suffi ciently credible to create signifi -
cant price signals over the medium term, because the most signifi cant 
action to address climate change is likely to come from technological 
innovation rather than from trading per se. In the longer term, the 
regime will surely have to be adjusted as a result of the extensive learn-
ing from experience that is bound to occur.

To summarize, in designing a cap-and-trade system we must not 
put great weight on external enforcement systems. Some alternative 
system of enforcement must exist to ensure that, over time, permits 
are allocated in ways that represent real reductions. Below, we advo-
cate a system of buyer liability in which buyers of emissions permits 
are liable for those emissions should the permits not prove fully valid. 
We couple that recommendation to two other key features: an annual 
emissions assessment process and what we call “jurisdiction equality,” 
meaning that all permits sold from a given jurisdiction (e.g. China) 
will have the same value.

The roles of states and enterprises

Seven years ago, David Victor proposed that the enforcement system 
under a cap-and-trade regime should be built on the principle of buyer 
liability.21 He argued for buyer liability on political grounds: “Buyer 
liability enforces compliance through rule-based markets, whereas 
seller liability requires weak and politicized international institutions 
to identify and penalize sellers that have not complied.” Victor’s 

20 Hypothetically, enforcement could even be too strong, deterring participation. 
However, typically there is weak enforcement of multilateral obligations and 
many loopholes, so this is unlikely to be a practical problem.

21 Victor 2001: 69–74.
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 arguments, though compelling, have not been adequately incorpo-
rated into the recent literature on the design of climate institutions or 
into the provisions for implementing the Kyoto Protocol agreed in the 
Marrakesh Accords of 2001.22 In this section we revive and amplify 
his arguments for buyer liability, since we believe that only such a 
system will be robust to the political constraints that we have just dis-
cussed. Technical critiques of this approach, while raising important 
points, are outweighed by the political benefi ts of a buyer-based sys-
tem.23 First we briefl y introduce the basic features of our system. Then 
in later sections we delve into the details of buyers, sellers, incentives, 
and assessment.

Under either a comprehensive cap-and-trade architecture or linked 
regional cap-and-trade systems, each party creates, or adapts, a 
national regulatory system to meet its agreed emissions target.24 Many 
states that expect to fi nd it diffi cult to meet their target (buyer coun-
tries, or “permit-short” countries) will enact legislation authorizing 
enterprises operating within their jurisdictions to purchase emissions 
permits from suppliers abroad in countries that are also members of 
the regime. (We expect there to be trading between enterprises within 
these permit-short jurisdictions as well.) In the near term the permit-
short countries will likely include the United States, members of the 
EU, Japan, Australia, Canada, Norway, and New Zealand, as well as 
some others. Enterprises such as power companies or industrial fi rms 
in these states, or in other states that accept stringent emissions caps, 
will frequently need to purchase permits from entities abroad in order 
to meet their domestic emissions obligations.25 We advocate that these 
permits be issued annually.

Consistent with most analyses, we anticipate that some parties to 
any future climate accord will successfully negotiate overall emissions 

22 Bluemel 2007.
23 See OECD 2000. For analyses of buyer liability that explicitly recognize the 

enforcement problems entailed in seller liability, see Nordhaus et al. 2000a and 
2000b and Zhang 1999. None of these papers emphasizes the political asym-
metry that we stress between the commitments to action of buyer and seller 
countries.

24 Tickell (2008) proposes allocating permits directly to individuals rather than 
states. But the political impediments to agreement and the administrative dif-
fi culties to implementation seem debilitating.

25 In most national legislation, including proposed laws in the United States, 
trading is limited to a small fraction of the overall entity cap. We anticipate that 
feature continuing for some time.
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limits that exceed their projected emissions. These seller, or “permit-
long,” countries are likely to include China, Russia, India, and other 
developing countries for some period into the future; obtaining hot air 
will be the sine qua non of their participation in the regime. Through 
their own national processes, states that are permit-long will sell or 
assign permits to enterprises or other entities within their jurisdic-
tion. If permit prices are cheaper than the buying entity’s internal cost 
of reductions, purchasing permits will be attractive and markets for 
emissions trading will emerge. These emissions markets already exist 
in various, often limited, forms.26

Although caps on overall emissions will be established at the 
national level, it is important to emphasize that in our scheme actual 
trading will take place between enterprises, whether private or state-
controlled. For example, Duke Power in the United States might 
purchase Chinese-denominated permits from Xian Electric Power 
to cover its anticipated excess emissions in 2010, and it could re-sell 
these permits if it turned out to have more than it needed. States are 
nonetheless crucial to our proposal. States will have responsibility for 
overall emissions targets and will issue or sell permits to enterprises 
as they decide. States will also enforce compliance with national caps 
domestically. Most signifi cantly in this regard, we advocate that all 
permits from a given jurisdiction be assigned the same value if sold.

In other words, under our system permit trading on the world 
market would be “jurisdiction-equal.” By this we mean that permit 
validity will be assessed on a national basis and permits will be dis-
counted on a national basis as well. (We discuss assessment at length 
below.) Consequently, the validity of permits sold by entities will 
depend on the aggregate validity of permits sold from a particular 
national jurisdiction, as decided by the assessment process. Hence all 
permits emanating from a given jurisdiction in a given year would 
ultimately be assigned the same validity.

Sellers will seek to command the highest price for their permits by 
ensuring that permits represent true reductions. Buyers will in turn seek 
the cheapest permits, adjusting for risk. Buyers of emissions permits 
that turned out to be invalid would be liable to make up the difference 
in some way. By invalid we mean permits that do not represent the full 

26 Examples include the European Union Emission Trading Scheme and the 
Chicago Climate Exchange.
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amount of carbon reduction their face value implies. Buyers who hold 
insuffi cient valid permits at the end of the budget period would need 
to purchase more permits or engage in further internal reductions. 
Again, it is national governments that would enforce this commitment 
against private actors.

This system thus rests on the incentives of buyers, which will largely 
be in industrialized democracies, to comply with domestic emissions 
controls and the incentives of sellers, largely outside these states, to 
command and maintain the highest price in the market. It is therefore 
very important to note, as Victor does, that the likely permit-short 
countries, in which enterprises will be net buyers of permits, on balance 
have stronger and less corrupt national legal institutions than the likely 
permit-long countries. Furthermore, the permit-short countries are 
overwhelmingly democratic. We therefore rely on internal structures 
and incentives, such as democracy and the rule of law, to ensure that 
permit-short countries comply with the system. Indeed, the political 
asymmetry—in rule of law and democracy—between buyer and seller 
countries is central to our advocacy of buyer liability. Another way of 
expressing this point is to say that incentives for compliance for net buyer 
countries are exogenous to the institutional system that we propose.

By contrast, our system is designed to generate endogenous incen-
tives for compliance on the part of permit-long, or seller, countries. 
These governments will gain economically from maintaining a high 
value for the permits that their enterprises sell, and will therefore seek 
to act in a way that maintains their reputations for compliance. This 
system, unlike many of the most prominent alternatives, provides 
“institutionalized transmission belts” for compliance to fl ow from the 
advanced industrial democracies, which have the strongest commit-
ment to climate-change abatement, to the wide range of likely selling 
jurisdictions, which tend to have weak commitments to abatement. 
Below we fl esh out some of the details of this process.

Buyers and incentives for prudence

As in all cap-and-trade systems, under our proposal emissions permits 
would trade on public markets. Their value would depend on buyers’ 
ex ante estimates of validity. Shortly after the end of the year for 
which permits were issued, a comprehensive assessment would decide 
their value. For instance, Indian-jurisdiction permits for the year 2010 
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might be evaluated by June 30, 2011, when all entities subject to caps 
on their 2010 emissions would be held accountable for their emis-
sions, taking into account valid permits bought or sold.

Since ex post assessment problems are diffi cult and complex, we 
devote all of the next section to that topic. Here we focus on the incen-
tives of buyers. In many respects a buyer liability system is broadly 
akin to the existing international bond market. After being issued by 
states, bonds trade on international markets, just as emissions permits 
would trade on such markets. Permits would trade at prices that 
would refl ect market participants’ confi dence that, when they came 
due for redemption, they would be valid. They would likely trade at 
discounts if their validity was viewed as questionable. Buyers of emis-
sions permits that were invalid, like buyers of bonds whose issuers 
default, will incur losses at the end of the process; and market prices 
will refl ect prevailing expectations of eventual validity or invalidity. 
Like buyers of bonds, therefore, buyers of permits will have strong 
incentives to assess quality ex ante, price the permits accordingly, and 
hedge to some degree by purchasing excess permits.

Market participants would in turn have incentives to create or 
engage ratings agencies or other entities to evaluate the quality of 
permits ex ante, just as we see bonds rated by existing agencies as a 
way to express and monetize the risk of default. In a world of perfectly 
functioning markets, reliable ratings agencies would come into being 
endogenously, as a result of demand for their services; and to a con-
siderable extent we expect this to happen.27 The recent fi nancial crash, 
however, illustrates the pitfalls of ratings. Ratings agencies themselves 
can have perverse incentives and therefore exhibit systematic bias.

One advantage of ratings on GHG emissions permits as compared 
to long-term bond ratings is that the feedback would, under our 
system, be annual: each year the ex post assessment system would 
evaluate permits, which would provide information about the validity 
of permits for future years from the same issuer. It would probably 
be necessary also to take some measures preventing highly leveraged 
large banks and bank-like entities from speculating in permits since, 
as we have seen in the recent housing crisis, these activities generate 
risks that governments may be required to socialize if fi nancial col-
lapse occurs. Perhaps a non-profi t “watchdog” to evaluate the ratings 

27 See Sinclair 2005.
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agencies could be created. The watchdog institution could closely 
scrutinize a random sample of the ratings of each ratings agency, and 
itself provide a rating of their reliability, which investors could use 
in evaluating permit ratings and issuers could use in deciding which 
ratings agency to employ. We are agnostic about the precise structure 
of such a system, but we believe it is essential that permit rating works 
reasonably well.

In the US cap-and-trade system under Title IV of the Clean Air 
Act, sellers are liable for the value of their permits, and this liability 
is legally enforceable. Scott Barrett reports that “the penalty for non-
compliance is so severe that in 2006, compliance was 100 percent.”28 
But as we have seen, no such enforcement is available at the interna-
tional level. At this level a major advantage of a system of buyer liabil-
ity is that buyers face incentives to monitor and assess the behavior of 
sellers: private markets, therefore, would carry out extensive informa-
tional tasks that might otherwise be left to governments.

Accurate assessment and pricing are thus key to permit markets 
working smoothly. If assessments ex ante are accurate, buyers can 
simply discount permits appropriately and buy more nominal permits 
than they require to meet emissions limits set by their governments. As 
in other markets, actors will hedge against risk. Insurance markets may 
also arise to cover the risk of permit invalidity. We expect that buyers 
will also police the actions of other buyers, for they will eventually 
have a large economic stake in the permit system. Those who abide 
by the rules and accurately assess and pay for quality permits will not 
want competitors to gain by purchasing cheaper, riskier permits. All 
these features push toward compliance in the permit-short jurisdic-
tion. However, if riskier permits fail, the buyers of those permits, now 
facing a shortfall, may in severe situations seek political renegotiation 
of their domestic emissions restrictions rather than purchase more 
permits. This is a serious problem—of moral hazard—that we address 
in a later section of this chapter.

Sellers and incentives for validity

If buyers bear the liability for invalid permits, what incentives do 
sellers have to ensure that the permits they sell are backed by real 

28 Barrett 2008: 4–5.
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 emissions reductions at the national level? Permits that lacked full 
validity would have a reduced value, with the loss borne by buyers 
that held the permits at that time. How would this give sellers incen-
tives to follow the rules?

Under our proposal (and indeed under nearly all trading systems) 
emissions trading would be structured to continue for many years. 
Such an ongoing market creates an economic incentive for sellers to 
ensure quality. More specifi cally, if the rate at which states that are 
net sellers of permits discount future gains is suffi ciently low, and the 
magnitude of expected future permit sales is suffi ciently high, states 
will seek reputations for selling valid permits.29 Michael Tomz (2007) 
has shown that such national-level reputation effects are very strong in 
international bond markets, and there seems no reason to believe that 
they would not be equally strong in emissions markets.

Sellers of fully valid permits would also have an incentive to cooper-
ate with and even support credible monitoring systems, so that their 
permits would be regarded ex ante as valid and could command their 
full price. That is, the “market for lemons” logic famously outlined 
by George Akerlof would prevail.30 Indeed, support by sellers for 
independent monitoring would be a signal of being honest, and there-
fore valuable in itself. In short, buyer liability makes seller incentives 
largely economic rather than political. Seller incentives would not 
rest on concern about climate change; they would rest on an ongoing 
desire for profi t.

Reputation (for high value permits) is consequently at the center of 
this self-enforcement mechanism. It is therefore crucial to design the 
allocation system so that sellers of permits would face the prospect 
of a substantial stream of revenue many years into the future. If the 
“shadow of the future” is too short, incentives for compliance will 
tend to vanish.31 In the long run, of course, the caps will have to 
“bite” even on those countries who were net sellers of permits when 
they originally joined. Our expectation is that over time, countries 
such as China would increasingly recognize their stake in mitigating 
climate change; that is, at the state level incentives would become 
political as well as economic, even if private entities continued to 

29 Axelrod 1984; Tomz 2007.
30 Akerlof 1970.
31 Axelrod 1984.
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be primarily motivated by profi t. Having been part of a cap-and-
trade system, these governments would also have developed the 
institutions necessary for effective participation, and acceptance of 
meaningful caps would therefore create a less uncertain prospect for 
them. In other words, ideally the period of being large net sellers of 
permits would be a transition phase, easing countries’ way into full 
membership.

There are many potential problems with this system, as we discuss 
below. However, the cardinal virtue of a buyer liability system is that 
it would not require that an international organization ensure compli-
ance with international commitments—a condition that, as we have 
seen, cannot be met. This system would instead be self-enforcing.

The problem of assessment

To be effective, any cap-and-trade regime, whether involving buyer or 
seller liability, requires an accurate and prompt ex post assessment of 
permit quality. In view of our assumption that any system that can be 
gamed for strategic advantage will be gamed, any technically complex 
system of assessment should be examined closely from a political 
standpoint. As in liability systems, complex technical arrangements 
can be strategically manipulated in ways that are not transparent. If 
so, their very complexity may be self-defeating.

Permit assessment rests on the measurement of aggregate emissions 
in selling jurisdictions. Measuring the use of some globally-traded 
fuels is relatively straightforward (at the aggregate national level) but 
other fuels and emissions sources pose greater problems. Most prob-
lematic of all are land-use changes, where measurement is fraught by 
issues such as the relevant time period that a new forest can be said to 
be sequestering carbon, and what to do in the event of a fi re later on. 
But a cap-and-trade system has the decisive advantage over project-
based systems that it does not have to evaluate what would have hap-
pened in the absence of a given project. The assessors simply calculate 
actual emissions and subtract them from the agreed cap, which is 
public knowledge. They only have to assess a factual situation—actual 
emissions—rather than both a factual and a counter-factual. One 
promising way to simplify this process is to focus on “upstream” emis-
sions—to measure the carbon inputs into the energy system—which 
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enter at relatively few points—rather than emissions from thousands 
or millions of sources.32

The most serious problem of measurement, however, is political: As 
we noted above, any system that can be gamed will be gamed. An inter-
national assessment process will be vulnerable to political pressure and, 
like judges on international courts, individuals responsible for conduct-
ing an assessment may feel strong pressures to support the positions 
of their national government.33 As a result, strenuous efforts must be 
undertaken to insulate the assessment process from political pressure.

One way to do so would be to employ a structure like the IPCC, 
which is run by scientists whose judgments are not directly subjected 
to override by politicians and diplomats. Another would be for private 
foundations to endow a non-profi t entity to carry out the assessment 
process. Neither is foolproof. However, the politics of assessment in 
a buyer liability system will be fundamentally different from those in 
a seller liability system, and much more benign. In a seller liability 
system, sellers have every incentive to obstruct assessment. In the 
absence of clear proof of cheating they are unlikely to be punished. 
Obstruction generally will pay. In a buyer liability system, by contrast, 
the reputation of any seller that obstructed assessment would fall, and 
the value of the permits that it issued would fall accordingly. Doubt 
about the validity of permits would have a similar effect: markets hate 
uncertainty. Sellers would therefore have strong economic incentives 
to accept and even welcome thorough assessment, to remove such 
doubts and therefore raise prices.34

Jurisdiction-equality and assessment

As we have seen, the Kyoto CDM faces a serious assessment problem. 
The key fl aw is the lack of a clear counterfactual baseline in devel-

32 Tickell 2008: 90–92. A carbon tax would also be relatively simple to adminis-
ter but founders on likely political resistance from developing countries, who 
will refuse to join a system that does not offer them credible compensation. 
Allocating them excess permits on a temporary basis does this; a carbon tax 
does not.

33 Posner and de Figuerido 2005.
34 For a similar argument in the context of arms control, see Schelling 1960: 

146–50.
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oping countries that sell CDM permits.35 The CDM therefore fails 
to solve the fundamental problem of such emissions markets—that 
sellers and buyers alike face incentives to collude and claim high 
reductions even where none exist. This devastating objection does 
not apply to the system we propose; under our system all states in 
the system will have emissions caps. Hence the baseline will be estab-
lished by treaty.

The need for a clear jurisdiction-wide baseline demonstrates the 
importance of our proposal that permit validity be assessed (and 
discounted) on a national basis. Under our proposal for “jurisdiction 
equality,” governments of permit-long jurisdictions will seek to assure 
that the permits their domestic enterprises offer for sale are valid, 
because if they fail to do so future permits from any enterprise within 
their jurisdiction will be devalued. Discounting all permits from a 
given jurisdiction at the same rate may appear unfair, since it penalizes 
those seller entities that scrupulously abate emissions but whose coun-
terpart entities, in the same jurisdiction, fail to meet their obligations. 
But this unfairness is essentially a national problem, since it could only 
be the result of lax enforcement at the national level and can best be 
fi xed via national action.

Furthermore, jurisdiction-equality has two very important virtues. 
First, it avoids creating very thin markets for thousands of permits 
from often obscure entities whose permit quality might be impos-
sible to assess by outsiders. Such a system would lead to very high 
transactions costs and very thin markets. Second, and perhaps most 
important, unfairness is a political virtue. Enterprises that meet their 
emissions targets have strong incentives to press their governments to 
correct internal compliance problems; in other words, to enforce the 
system against shirkers. Governments themselves will also face incen-
tives to seek low (or zero) discount factors, since aggregate national 
sales and, relatedly, tax revenue will turn on permit price. The system 
therefore generates endogenous domestic political pressures for meas-
ures to assure permit validity. Since the issuing country as a whole 
would suffer from having devalued permits—permits are, after all, a 
valuable commodity—the government would have multiple incentives 
to avoid and correct these problems.

35 See in particular Wara and Victor 2008; and Wara 2007.
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Assessment: an evaluation

It is extremely diffi cult to insulate any assessment system against 
political pressures. Indeed, the central thrust of this discussion does 
not concern the merits of any particular arrangement, but the necessity 
of undertaking a careful political analysis that considers strategies that 
opportunists could follow to manipulate the system.

A well-functioning cap-and-trade system would likely require 
regular assessments, in-country and on-site inspections (perhaps done 
randomly), and a “true-up” period for states to work out shortfalls. 
Our proposal, with annual assessments of permit validity, certainly 
requires signifi cantly more resources than have been allocated to the 
Kyoto Protocol review process to date. But the basic structure and 
approach is complementary. And while direct inspections of major 
emissions sites by an international organization will surely raise sov-
ereignty concerns among many parties, there is substantial precedent 
for this model in the Chemical Weapons Convention, which permits 
inspections on national territory of chemical production sites, includ-
ing so-called “challenge inspections” by the treaty secretariat.36 The 
much less intrusive review we envision for a post-Kyoto system thus 
falls within established norms in international law.

But the most important point is one already made: buyer liability 
will give sellers incentives to facilitate assessment and show that they 
have done so. This is not true of other assessment processes involving 
developing countries that have failed or been heavily resisted, such as 
IMF surveillance and the WTO Trade Policy Review Mechanism.37

Potential weaknesses of buyer liability

Any attempt to get around what often appear as insuperable prob-
lems of agreement and compliance will have potential weaknesses. 
So before discussing the weaknesses of a buyer liability system, it is 
important to emphasize that alternative systems run directly afoul of 
the political constraints enumerated earlier. Seller liability is unlikely 
to work because there simply is no credible set of institutions  available 

36 Convention on the Prohibition of the Development, Production, Stockpiling, 
and Use of Chemical Weapons, at www.opcw.org.

37 On the WTO TPRM see Ghosh 2008.
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in world politics to enforce sanctions against even moderately impor-
tant states.38 Therefore, any effective system cannot be one of pure 
seller liability.

The only real question is whether it is preferable to have pure buyer 
liability or a hybrid system, such as the one proposed by Nordhaus 
et al. (2000a). We prefer pure buyer liability because it is the only 
system that is robust to state non-compliance—if the shadow of the 
future is suffi ciently long—and that does not require frequent state 
negotiations. Such negotiations inevitably raise issues of renegotia-
tion, gaming, and non-transparency. Hybrid systems will typically be 
subject to at least one of these three problems. To prefer a hybrid 
system over pure buyer liability, it would have to be shown that the 
net benefi ts of the hybrid system are superior, not merely that buyer 
liability raises some potential problems. We doubt this is possible, and 
hence favor pure buyer liability.

With these fundamental political constraints in mind, we mention 
three potential weaknesses of our system. For each of the weaknesses 
that we identify, we make a counter-argument that alternative schemes 
are less promising.

Information and sudden changes in expectations

A common objection to a buyer liability system is that it would create 
too much risk, and high transaction costs, as a result of insuffi cient 
information about the future validity of permits. There is some basis 
for this concern. Yet from a “markets for lemons” perspective, this 
informational problem is two sided. On the one hand, Akerlof shows 
that asymmetrical information can prevent otherwise mutually profi t-
able trades from taking place. Cautious buyers will refrain from pur-
chasing permits in the face of this uncertainty and the market as a result 
will be very thin. Abatement costs will consequently be higher because 
foregone trades will require the utilization of more expensive local 
options. On the other hand, the market for lemons argument suggests 
that institutions will develop to correct the market failure, if there are 
fi nancial incentives to do so. In a tradable permit regime, there would 

38 Bluemel (2007, at note 64) says: “Most analysts agree that a pure seller-liability 
rule, in combination with a weak enforcement regime, will result in overselling 
under the Kyoto Protocol.”
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be such incentives: buyers can gain enormously by credibly evaluat-
ing tradable permits just as they evaluate and rate government bonds. 
These ratings will help to determine prices in a global carbon market.

That said, our buyer liability model rests to some degree on assump-
tions about the ability of such an incentive system to generate and 
widely distribute accurate information, and the system will work well 
only if accurate information about permit validity is widely dispersed. 
However, if information about validity is not widely dispersed—if it is 
largely private and/or secret—and if this situation is not widely appre-
ciated, we may see many mistakes by buyers. The ongoing mortgage 
crisis suggests that even in well-established markets it is surprisingly 
easy for sophisticated participants to misprice goods. For the system 
to work, the ex post monitoring system will have to be suffi ciently reli-
able, credible, and prompt that adjustments can be made quickly, and 
fairly smoothly, in the event that permit-settling countries fail to fulfi ll 
emissions requirements. Again, we stress the annual nature of assess-
ment. Such a system provides a steady stream of information, albeit 
inevitably somewhat imperfect, about emissions and permit validity.

In the end, however, the objection that buyer liability generates 
transaction costs that are too high founders on the false premise 
that seller liability has lower transaction costs. On the contrary, the 
defense of seller liability on the grounds of lower transaction costs is 
spurious: It simply “achieves” lower costs by ignoring the problem of 
compliance. its effi cacy depends on imposing penalties on sellers of 
bogus permits. But neither internal enforcement under seller liability 
nor external enforcement is likely to be effective. We cannot count on 
internal enforcement since many sellers of climate change permits will 
be entities in jurisdictions, such as China and Russia, with weak inter-
nal regulatory systems and little domestic public pressure for effective 
action. We cannot count on external enforcement because these same 
states are strong and sensitive to issues of sovereignty. Hence, as we 
indicated at the outset, systems of externally enforced legal liability 
are unlikely to work. For these reasons a seller liability system is far 
more likely to break down at the compliance stage.

Negative cascades

A second potential problem relates to negative “cascades.” If enterprises 
in a country that is “permit-short” overvalue permits ex  ante—buying 



394 Robert O. Keohane and Kal Raustiala

permits that turn out to be worth less than expected—then the state 
where the buyers reside could miss its international target. The 
worst-case result would be a cascade or contagion effect, in which 
the devaluing of one seller’s permits (say, Russian permits) then trig-
gers noncompliance in other states whose enterprises hold Russian 
permits. Market expectations would eventually adjust. But in that 
particular year shortfalls in compliance would occur, if two additional 
features exist: entities both did not hedge adequately and could not 
buy suffi cient new permits from other sellers.

For several reasons we do not think this scenario is likely. We 
expect hedging to take place for the reasons given above. There is 
also reason to think that permits will be available in the event of a 
shortfall, albeit at higher prices. Third, under our proposed system the 
cascade problem would be alleviated by the fact that permits that are 
not fully valid would suffer only percentage reductions, not complete 
invalidation. Fourth, the problem would also be limited to the year 
in question. Finally, a work-out period could be arranged so that the 
full impact of holding partially invalid permits was not immediate for 
the buyers. Likewise, it might be desirable to have “banking and bor-
rowing” provisions that allow the buying jurisdiction, which suffered 
from holding invalid permits, to make up the defi cit in future years.

Consistent with our argument about the comparable Kyoto provi-
sions above, such measures would make sense as a way to smooth 
out burdens arising from sudden changes in conditions, but they are 
not enforcement provisions. However, as Robert Stavins argues with 
respect to the United States, “credible mechanisms need to be estab-
lished to ensure that the use of borrowed allowances is offset through 
future emission reductions.”39 For this reason we advocate using such 
banking measures only cautiously.

Moral hazard and seller default

Despite the reputational incentives to maintain the future value of 
their permits, some sellers may sell permits that turn out to be worth 
less than their nominal value, either due to opportunism or misjudg-
ment. Buyers of these devalued permits would have to engage in 
further internal reductions or buy additional permits to reach their 

39 Stavins 2008: 8.
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 nationally-mandated caps. The consequence of seller defaults would 
therefore be increases in the price of carbon as buyers (typically) go into 
the market to cover shortfalls. This is actually a great advantage of the 
system, since without such a mechanism, overselling of permits would 
lead to a lower effective price of carbon by increasing permit supply.

To maintain the incentive for buyers to avoid buying invalid permits, 
the buyers must not be able to renegotiate their domestic emissions 
caps, or otherwise receive compensation from their governments, in 
the event that their purchased portfolio of permits is insuffi cient to 
reach their cap. That is, governments of permit-short countries need to 
protect against “moral hazard,” similar to the moral hazard problems 
of bailing out banks that engage in risky lending practices and later 
seek government bailouts. This is probably the most serious weakness 
of our system, though it is a weakness shared by nearly every alterna-
tive model as well.

We cannot guarantee that authorities will not, under pressure, 
engage in activities that create moral hazard in a climate change 
permit system. Indeed, in response to the prospect of bank failures set 
off by the recent fi nancial crisis, the US Federal Reserve System and 
the Treasury have taken radical measures to prevent bank failures. 
These measures have raised serious issues of moral hazard.

Explicit legislative provisions to prohibit post hoc subsidies and 
renegotiation will consequently be essential, and the media and non-
governmental environmental organizations will have to be alert to the 
danger; but these measures are unlikely to be suffi cient if the invalid-
ity of seller permits threatened a banking crisis in the buyer country. 
One aid to resisting post hoc adjustments is likely to be pressure from 
buyers of valid permits, who will seek to ensure that the value of their 
investments is not squandered by the state. They will likely constitute 
a powerful interest group with a stake in the integrity of the system. 
Another source of resistance to moral hazard lies in the accountability 
of governments to their publics, and the commitment by those publics 
to compliance with a meaningful international climate regime. Publics 
will need to understand that succumbing to pressure to compensate 
buyers for invalid permits will destroy the climate change mitigation 
system.

However, neither reliance on competitors nor reliance on publics 
would be likely to suffi ce if very large banks or bank-like entities were 
faced with insolvency as a result of having purchased large quantities 



396 Robert O. Keohane and Kal Raustiala

of invalid permits. Regulation will have to occur ex ante to ensure that 
such a situation does not arise. That is, regulation will have to assure, 
as noted above, that banks and bank-like entities cannot speculate in 
emissions permits with highly leveraged debt.

Conclusion

In world politics, strong commitment by states is essential to effec-
tive multilateral action. States must prefer participation to non-
participation. We therefore began this chapter by reviewing reasons 
why a cap-and-trade regime is the most likely to induce suffi ciently 
widespread participation among signifi cant emitters to create the 
possibility of effectiveness. Proposals for assistance with projects 
and policies carry enormous transaction costs and have little pros-
pect of being suffi ciently effective; and an international carbon tax 
is unlikely to be acceptable to reluctant developing countries and 
the major industrialized states as well. In the end, a cap-and-trade 
regime must rest on strong preferences in democratic states to miti-
gate climate change. These are demanding political conditions, but 
we see no alternative arrangement that could generate suffi ciently 
effective and timely action. And we observe around the world recent 
actions that counsel some optimism, in Australia, the EU, and even 
the United States.

Yet any cap-and-trade regime at the international level will encoun-
ter pressures toward non-compliance. As with participation, for global 
regulatory regimes to work well, states must, on the whole, choose 
compliance over violation. Since there is no external enforcer, arrange-
ments such as that in the Kyoto Protocol for seller liability will not 
work. Compliance will neither reliably occur ex post or be expected 
to occur ex ante. The severity of the global climate problem does not 
by itself entail meaningful action under these conditions: for many 
states the costs of abatement are higher than the benefi ts of a more 
stable climate, and for some states climate change itself may even be 
welcome.

Our proposed system for a post-Kyoto regime rests instead on 
a model of buyer liability coupled to annual ex post assessments 
and jurisdiction-equal discounting of invalid permits. This system 
is incentive-compatible for two reasons: buyers have incentives to 
monitor the system and price permits according to perceived validity, 
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and sellers have incentives, if allocations are correct, to maintain their 
reputations for reliability. The system will not operate  automatically: 
in particular, institutions will need to be created to assure that ex post 
assessment is reliable and, ex ante, that ratings agencies are also reli-
able. Indeed, one of the major conclusions of this chapter is the urgent 
need for social scientists to think more carefully about assessment 
institutions that could be effective in a climate change regime with 
buyer liability.

Some non-compliance in climate change cooperation is inevitable. 
Yet the system that we propose is the least bad choice, because it is 
consistent with the fundamental features of world politics we have 
described. For this reason, it provides at least the outline of a politi-
cal foundation for a working international system not doomed by 
enforcement problems. It could therefore contribute to effective regu-
lation of GHG emissions and, most importantly, help to generate the 
technological innovation that is widely agreed to be essential if climate 
change is to be brought under control.
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13  International climate 
technology strategies
Richard G. Newell

Introduction

There is widespread agreement that achieving the very substantial 
reductions in greenhouse gas (GHG) emissions necessary to stabilize 
atmospheric carbon dioxide (CO2) concentrations at 450–550 parts 
per million (ppm) will require innovation and large-scale adoption 
of GHG-reducing technologies throughout the global energy system 
(IPCC 2007). The set of necessary technologies includes those for 
increased energy effi ciency, renewable energy, nuclear power, and 
CO2 capture and storage. Alongside strategies aimed at reducing 
GHG emissions—such as emission targets in an international context 
or domestic GHG cap-and-trade systems or taxes—much discus-
sion has therefore focused on policies that also target technology 
directly, including research and development (R&D)1 activities and 
 technology-specifi c mandates and incentives. The associated policy 
debate is not so much over the importance of new technology per se 
in solving the climate problem, but rather over what the most effective 
policies and institutions are for achieving the dramatic technological 
changes necessary to stabilize GHG concentrations.

The scale of the system to be reoriented is immense. The 
International Energy Agency (IEA), in its most recent assessment 
of energy investment, projects that about $22 trillion of investment 
in energy-supply infrastructure will be needed over the 2006–2030 
period, or almost $900 billion annually, on average (IEA 2007b). 
Note that this does not include expenditures on energy demand-side 
technologies (e.g., transportation, appliances, and equipment), which 
will measure in the trillions of dollars each year. Relative to this base-
line investment, the Secretariat of the United Nations Framework 

1 For simplicity the term “R&D” is intended to include initial “fi rst-of-a-
kind” demonstration projects focused on generating new knowledge.
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Convention on Climate Change (UNFCCC) estimates that an addi-
tional $200 billion in global investment and fi nancial fl ows will be 
required annually by 2030 just to return GHG emissions to current 
levels (UNFCCC 2007).

What are the most important international and domestic actions 
necessary to technologically alter energy systems in a direction that 
can achieve GHG stabilization targets while also meeting other soci-
etal goals? Growing attention has turned to the possible role of inter-
national technology-oriented agreements as part of the architecture 
of an international climate change policy (de Coninck et al. 2008). 
Specifi c activities under such agreements could include knowledge 
sharing and coordination; joint R&D; technology transfer; and tech-
nology deployment mandates, standards, or incentives.

Interest in these efforts is attributable to a number of factors, gen-
erally related to the idea that if we can lower the costs of mitigation 
technologies, the likelihood that countries will implement signifi cant 
GHG reductions will be higher. Agreements to further R&D can 
increase the international exchange of scientifi c and technical informa-
tion while also improving the cost-effectiveness of R&D through cost 
sharing and reduced duplication of effort. Provisions for technology 
transfer, on the other hand, originate primarily in the need to help 
developing countries follow a less GHG-intensive development path 
by providing access to climate-friendly technologies and the funding 
to cover their additional cost. As such, technology transfer efforts 
can help to increase incentives for developing-country participation 
in international climate agreements and at the same time advance 
goals beyond global climate mitigation (e.g., economic development, 
local air quality improvement, energy security). The Bali Action Plan 
therefore identifi ed technology development and transfer as one of 
fi ve central issues for consideration during development of a post-
2012 international climate policy agreement (alongside a long-term 
emissions goal and actions on mitigation, adaptation, and fi nancing) 
(UNFCCC 2008).

This chapter considers opportunities for improved and expanded 
international technology development and transfer strategies within 
the broader context of international agreements and institutions for 
climate, energy, trade, development, and intellectual property. The 
next section characterizes the economic scale of the climate change 
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technology challenge, while subsequent sections review the pattern 
of public and private R&D and the economic rationales for R&D 
policies within the global innovation system; clarify the importance 
of options for inducing technology market demand through domestic 
GHG pricing, international trade, and international development 
assistance; and discuss upstream innovation strategies, including 
international coordination and funding of climate technology R&D, 
and knowledge transfer through intellectual property. A concluding 
section summarizes the main international technology issues and 
actions identifi ed for consideration within the post-2012 dialogue.

The climate change technology challenge

Since its adoption in 1992, the UNFCCC has been ratifi ed by virtu-
ally all the world’s 190-plus countries. The treaty’s principle objective 
is “stabilization of greenhouse gas concentrations in the atmosphere 
at a level that would prevent dangerous anthropogenic interference 
with the climate system.” Although there is much debate about what 
level of GHG concentrations would prevent dangerous anthropogenic 
interference, one thing is clear: Stabilizing GHG concentrations at any 
level implies eventually reducing net GHG emissions to near zero.

While the idea of balancing the atmospheric GHG stock by reducing 
the net GHG fl ow to zero is simple enough, the technological reality of 
what it will take to do this is far from simple. Currently, 69 percent of 
global anthropogenic GHG emissions come from fossil fuels such as 
oil, coal, and natural gas, which together satisfy 81 percent of global 
energy demand (IEA 2007b, 2007d). The remainder of global energy 
is supplied by renewable energy (13 percent) and nuclear power 
(6 percent) (IEA 2007b).

Stabilizing GHG concentrations therefore requires large-scale and 
widespread substitution toward energy technologies with low to zero 
net GHG emissions throughout the global energy system. However, 
under existing policies and expected market trends, the IEA forecasts 
that world energy consumption will grow 55 percent and energy-
related CO2 emissions 57 percent between 2005 and 2030, with the 
fossil-fuel share rising slightly from 81 to 82 percent (IEA 2007b). 
Although there is substantial uncertainty over longer timeframes, 
recent estimates suggest that, without additional policy actions, global 
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annual CO2 emissions will increase by a factor of about three by the 
end of this century (Weyant et al. 2006; Fisher et al. 2007; Clark et al. 
2007). These and other forecasts underscore the fact that the energy-
economic system has a tremendous predisposition toward fossil-
fuel-based technologies and would require substantial domestic and 
international policy actions to encourage change.

Economic scale of the technology challenge

To gauge, in economic terms, the magnitude of the innovation chal-
lenge presented by climate change, it is helpful to consider possible 
GHG emission targets and the projected costs of achieving these 
targets. These projected costs, most commonly measured in terms 
of reduced gross domestic product (GDP), indicate the scale of the 
benefi t that could come from innovations that signifi cantly reduce 
(or eliminate) the cost disadvantage of climate-friendly technologies 
relative to the competition. If such low-cost alternatives also made it 
feasible and desirable to undertake more signifi cant reductions than 
otherwise would be taken, then there would also be a benefi t from 
the further climate damages avoided. In fact, lowering the cost dis-
advantage of climate-friendly energy technologies relative to conven-
tional fossil-fuel technologies—and thereby increasing the incentive 
to comply with international climate obligations—could play a major 
role in improving the long-run robustness of international frameworks 
(Barrett 2003).

Many proposals, and most analyses, have centered on emission 
paths that are consistent with ultimate stabilization targets in the 
range of 450–550 ppm CO2 (530–670 ppm CO2-equivalent, or CO2e, 
if all GHGs are included). Modeling scenarios of cost-effective global 
climate mitigation policy suggest that, for targets in this range, the 
cost of GHG mitigation through 2050 is trillions or tens of trillions of 
dollars of discounted GDP, or an annualized cost in the tens to hun-
dreds of billions of dollars per year (Newell 2008). Longer-term total 
costs through 2100 are approximately double this amount. While 
these estimates are based on numerous economic and policy assump-
tions, they give a sense of the magnitude of the payoff from technology 
innovations that could signifi cantly lower the cost of achieving various 
GHG emission goals.
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Importance of advanced technology for lowering costs and 
expanding options

Many studies fi nd that the availability and cost of advanced energy 
technologies plays a central role in determining the cost of achiev-
ing various GHG emission targets (IPCC 2007). Virtually all studies 
fi nd that a cost-effective technology solution entails a mix of energy 
effi ciency, low-GHG energy supply, as well as reductions in non-CO2 
GHG emissions. Thus, R&D to support the necessary transition to 
a low-carbon energy system must also be broad-based, covering a 
wide range of technological opportunities. For example, one study 
fi nds that if we were limited to technologies available in 2005, the 
present-value cost of achieving stabilization at 550 ppm CO2 would 
be more than $20 trillion greater than the estimated cost taking into 
account expected developments in energy effi ciency, hydrogen energy 
technologies, advanced bioenergy, and wind and solar technologies 
(Edmonds et al. 2007). The models used in these studies typically 
presume that the signifi cant innovative efforts in R&D, learning, and 

Reference
Technology

Cumulative
Emissions

All
Advanced

Reference
Technology

Cumulative Carbon Emissions and Cumulative
Compliance Cost across Scenarios

Cumulative
Emissions

$0

$2

$4

C
um

m
ul

at
iv

e 
G

lo
ba

l C
om

pl
ia

nc
e 

C
os

t
(T

ril
lio

n 
U

.S
. 2

00
0$

, 5
%

 D
is

co
un

t R
at

e)

$6

$8

$12

$10

$14

Level 2
≈ 550 ppmv

Level 1
≈ 450 ppmv

Level 3
≈ 650 ppmv

C
um

ul
at

iv
e 

C
ar

bo
n 

E
m

is
si

on
s 

(G
T

C
)

Level 4
≈ 750 ppmv

0

200

400

600

800

1,000

1,200

1,400

All
Advanced

Advanced
Technology
Advanced

Technology

Figure 13.1. Cumulative global mitigation costs under alternative 
technology scenarios. Source: Clarke et al. (2006).



408 Richard G. Newell

new-technology diffusion needed to underpin these assumed techno-
logical improvements will be forthcoming.

Other studies have found that accelerated technology development 
offers the potential to dramatically reduce the costs of stabilization, 
with advanced technology scenarios reducing the cumulative costs of 
stabilization by 50 percent or more, which in turn yields economic 
benefi ts of hundreds of billions to trillions of dollars globally (Figure 
13.1) (Newell 2008). While one might reasonably argue over the 
details of the modeling assumptions, these and other results demon-
strate that technological advances have the potential to signifi cantly 
reduce the costs of attaining societal goals for climate-change mitiga-
tion. The challenge is to structure policy to maximize the likelihood 
that we will harness these technological opportunities as effectively 
and effi ciently as possible.

The global innovation system

Technological improvement through the creation and deployment of 
new product and process innovations is one of the most important 
underpinnings of economic development as well as of broader soci-
etal prosperity, including environmental protection. The complex set 
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of institutions, markets, and governing processes that comprise this 
innovation system includes private fi rms and consortia, their products, 
their production processes, and the markets within which they operate; 
government research institutions and public policies; universities and 
colleges; and other non-profi t research institutions (Figure 13.2).

Patterns of global innovative effort

Nations spend about $1 trillion globally each year on R&D, with over 
95 percent occurring in the OECD countries, Russia, and China—and 
80 percent in countries represented in the G8 (see Table 13.1). The 
focus here is on overall R&D; private and public energy-related R&D 
is discussed in subsequent sections. Although innovation activities 
are not limited to R&D, R&D remains one of the few well-tracked 
indicators of innovative activity and is highly correlated with other 
indicators.

Industry is by far the largest player in R&D effort, funding over 60 
percent and performing almost 70 percent of R&D globally in 2006 
(the most recent year for which complete data are available). Industrial 
R&D focuses on applied research and especially development, stimu-
lated by market demand for technologically advanced products and 
processes. Government is the second largest funder of R&D globally 
(30 percent). About half of government funding is transferred to uni-
versities, other non-profi t research institutions, and industry, which 
perform the associated R&D within a system of contracts, grants, 
and other arrangements. Government funding tends to focus more on 
basic and applied research.

In addition to creating new knowledge upon which further techno-
logical development can draw, university-based R&D supports the 
production of young researchers. Most of these researchers eventually 
move into the private sector—thus they represent an important link 
within the overall innovation system. Ensuring a stream of scientists, 
engineers, and other research professionals trained in areas relevant to 
clean-energy technologies will be an important element in increasing 
the necessary innovative effort and moderating its cost. The capacity 
of a country’s workforce to absorb and apply new know-how and 
technology is also essential for development, and it is one of the main 
impediments to more rapid technology transfer to  developing  countries 
(World Bank 2008c). By supporting researchers and graduate students, 
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public funding for research affects an economy’s capacity to generate 
and assimilate scientifi c advances, technology innovations, and pro-
ductivity improvements. This linkage has made research funding a 
priority among many who are concerned about the long-term com-
petitiveness of national economies and has led to increased support for 
expanded R&D spending generally, including in the United States and 
the European Union. At an international level, programs that facilitate 
the international exchange of graduate students, postdocs, and more 
senior scholars in areas relevant to climate-mitigation research can 
help to expand human-capital-related spillovers.

Innovation market problems and policy strategies

The explanation for current R&D patterns is well-known. The gains 
from innovative activity are in general diffi cult for fi rms to appropri-
ate, as the benefi ts tend to “spill over” to other fi rms and customers, 
without full compensation. While positive knowledge spillover is a 
good thing—other things equal—it leads to a level of private invest-
ment in innovative effort that is too low from a broader societal per-
spective. Moreover, this problem tends to become greater the further 
up the innovative chain one goes: from development, to applied, 
and then to basic research (See Newell 2008, IEA 2008a). When 
confronted with limited resources, it is sensible for public funding to 
focus fi rst and foremost on the part of the innovation problem that is 
least likely to be addressed adequately by the private sector. Overall, 
public funding for pre-commercial research therefore tends to receive 
widespread support among experts. In situations where there is a 
missing market for the technology—as is currently the case for GHG 
mitigation in much of the world—climate policy that places a price on 
emissions can serve as the most cost-effective means of encouraging 
technology deployment.2

Technology demonstration projects occupy a middle ground 
between technology development and deployment. Arguments for 
public support of technology demonstration tend to point to the 
large expense; high degree of technical, market, and regulatory risk; 

2 For a more complete discussion of the role and design of technology deploy-
ment policies see Newell (2007b) in a domestic context and de Coninck et al. 
(2008) in an international context.
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and inability of private fi rms to capture the rewards from design-
ing and constructing fi rst-of-a-kind facilities (Newell 2007a). Most 
compelling, from an economic perspective, is the fact that there may 
be non-appropriable returns to knowledge generated in the process 
of undertaking fi rst-of-a-kind demonstration projects. For example, 
knowledge gained through such projects can help improve the design 
of future technology, lower technical risks, and serve as a basis for 
well-designed regulations. On the other hand, caution is required 
because—despite good intentions—many of the most notable failures 
in government energy R&D funding have been associated with large-
scale demonstration projects (Cohen and Noll 1991).

While experience suggests that it should not be the focus of climate-
mitigation technology investments by the public sector, public support 
for a limited number of fi rst-of-a-kind demonstration projects could 
be valuable, so long as the purpose is to generate substantial new 
knowledge. Given the dominant role of coal in the energy systems of 
both industrialized and developing countries, demonstrating technolo-
gies for carbon capture and storage has particular salience at the inter-
national level. The 2008 G8 Hokkaido Summit Leaders Declaration, 
for example, supported the launch of twenty large-scale CCS demon-
stration projects globally by 2010. Approaches for coordinating such 
projects at an international level are considered in a later section of 
this chapter.

Technology development and transfer through market 
demand

GHG emission pricing through domestic emission 
commitments

There are many excellent treatments of the advantages of economy-
wide, long-term, multi-gas, fl exible emission policies that attach a cost 
to—or “put a price” on—GHGs. The Kyoto Protocol, the EU Emission 
Trading System, and the legislative proposals with the most traction 
in the United States have embraced this approach. Establishing a 
GHG emission price (through policies such as cap-and-trade or emis-
sion taxes) is essential from a technology perspective for two primary 
reasons. First, because the GHG price attaches a fi nancial cost to 
GHGs and—just as people will consume less of something expensive 
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than something given away for free—will induce households and 
fi rms to buy technologies with lower GHG emissions (a more effi cient 
appliance, for example). Ideally, the GHG price is designed to encour-
age the adoption of the most cost-effective technologies for reducing 
emissions by sending a consistent fi nancial signal to households and 
businesses across the economy.

The second reason the GHG price is essential from a technology 
perspective is because it creates a demand-driven, profi t-based incen-
tive for the private sector to invest effort in developing new, lower-
cost climate-friendly innovations. Market-demand pull will encourage 
manufacturers to invest in R&D and other innovative efforts to bring 
new lower-GHG technologies to market, just as they do for other 
products and processes (for surveys see Jaffe et al. 2003 and Popp et 
al.). Members of the US Climate Action Partnership (USCAP 2007)—a 
coalition of major US companies and environmental organizations—
agreed when they concluded that “the most effi cient and powerful 
way to stimulate private investment in research, development, and 
deployment is to adopt policies establishing a market value for GHG 
emissions over the long term.”

National policies that encourage GHG mitigation will therefore play 
an essential role in stimulating demand for, and innovation in, neces-
sary new technologies. Conveniently, the vast majority of innovative 
effort globally takes place in developed countries that are expected to 
take the most signifi cant initial steps to mitigate GHG emissions. In 
addition, agreements for the removal of existing subsidies for fossil 
fuels and related technologies would further move the global energy 
system in a more climate-friendly direction, while at the same time 
having broader economic benefi ts (UNEP 2008).

International carbon markets—employing fl exibility mechanisms 
such as international linkage of domestic emission programs, offsets, 
and the Clean Development Mechanism—represent an important 
mechanism for fi nancing emission reductions in developing countries, 
technology transfer, and cost-effective GHG mitigation. Depending 
on numerous assumptions, including assumptions about aggregate 
GHG targets as well as about burden sharing between developed 
and developing countries, international demand for emission credits 
from developing countries is estimated to total in the tens of billions 
of dollars up to about $100 billion annually through 2050 (UNFCCC 
2007). To facilitate technology transfer and create incentives for tech-
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nology development at a global level, international agreements and 
domestic policies should consider establishing clear rules and minimiz-
ing unnecessary barriers to the use of these market mechanisms.

Innovation generated by policies that establish a GHG emis-
sion price is sure to come from a wide array of businesses currently 
engaged in the development and use of energy producing and con-
suming technologies, especially in the provision of electricity and 
transportation services. It will also come from the agro-biotech sector 
(assuming there are incentives for biological sequestration), from com-
panies that produce and consume other non-CO2 GHGs (e.g., chemi-
cal companies), and from less obvious sectors such as the information 
technology industry (e.g., in the context of energy management and 
conservation). Estimates suggest that private-sector investments in 
energy R&D, however, have fallen signifi cantly in real terms since 
peaking around 1980, in tandem with declines in energy prices and 
public energy R&D spending. Nonetheless, while the trend appears 
to have been downward over this period, current private-sector R&D 
investments relevant to energy technology are extremely diffi cult to 
assess, and these estimates provide a poor indication of the overall 
level of private-sector R&D investment that could and likely will be 
brought to bear on the climate technology challenge (Newell 2008).

In fact, many of the industrial sectors and individual companies 
that are likely to be most engaged in creating the innovations neces-
sary to reduce GHG emissions have substantial R&D capacity. Given 
expected levels of energy investment over the next several decades, and 
assuming the level of associated private R&D investment is measured 
in terms of a few percent of sales, as is typical, this implies private-
sector innovative efforts on energy measured in tens of billions of 
dollars per year. This is consistent with a recent IEA (2008a) estimate 
that places current global private-sector spending on energy technolo-
gies at $40–$60 billion annually, far exceeding public-sector spending 
of about $10 billion annually.

This is illustrated in Table 13.2, which shows 2006 R&D expen-
ditures (including as a percent of sales) for the 1,250 companies that 
globally have the highest levels of R&D investment (U.K. Department 
for Innovation, Universities and Skills 2007). The list includes produc-
ers of transportation technologies—such as Ford, DaimlerChrysler, 
Toyota, Boeing, and Rolls-Royce—which have individual company 
R&D budgets measured in billions of dollars per year and which 
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Table 13.2 R&D expenditures for top R&D-spending companies 
worldwide (for 2006, units as indicated)

  R&D

Sector (number of companies) US$ (millions) Percent of sales

All sectors (1,250) 478,129 3.5
Aerospace & defence (39) 21,160 4.9
Automobiles & parts (78) 80,284 4.1
Chemicals (91) 22,341 3.1
Construction & materials (23) 2,374 0.9
Electricity (16) 2,918 0.9
Electronic & electrical equipment (102) 35,150 4.5
Forestry & paper (8) 573 0.5
Gas, water & multiutilities (7) 738 0.3
General industrials (36) 11,583 2.1
Household goods (24) 5,011 2.3
Industrial engineering (70) 11,737 2.7
Industrial metals (23) 3,201 0.8
Industrial transportation (6) 440 0.3
Mining (3) 604 0.7
Oil & gas producers (18) 6,465 0.3
Oil equipment, services & distribution (10) 1,748 1.9
Pharmaceuticals & biotechnology (157) 92,881 15.9
Software & computer services (113) 34,359 10.1
Technology hardware & equipment (207) 84,517 8.6

Note: Table includes sectors that may be relevant to GHG innovation, as well 
as certain very large R&D-performing sectors, from the R&D Scorecard’s 1,250 
companies globally with the highest R&D expenditures (U.K. Department for 
Innovation, Universities and Skills 2007). These 1,250 companies account for 
about 80 percent of global industry R&D.

together contribute to a global R&D budget for the automotive sector 
of $80 billion annually. Electronic and electrical equipment compa-
nies spent over $35 billion in R&D in 2006, including companies 
like Siemens and Samsung, and general industrial companies, like 
Mitsubishi Heavy Industries and General Electric, which have annual 
R&D budgets of over $11 billion globally.

Chemical and agro-biotech companies, such as Bayer, BASF, 
DuPont, and Dow each have R&D budgets above $1 billion per year; 
these companies will be active in fi nding substitutes for GHGs and 
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in engineering low-GHG biofuel alternatives. While elements of the 
energy sector focused on fossil-fuel extraction have relatively low 
R&D intensities, they still have substantial R&D budgets in aggre-
gate. Furthermore, fi rms in the oil services sector that are likely to 
play an important role in developing geologic carbon storage, such 
as Schlumberger, spend hundreds of millions of dollars annually on 
R&D and have higher R&D intensities than the large oil companies.

In addition, many smaller fi rms and start-up companies have 
benefi ted from a recent surge in venture capital investment in clean 
energy technology. For example, early-stage venture capital invest-
ments directed to clean energy in the United States totaled about $350 
million in 2007, approximately double the fi gure for the prior year 
and starting from a negligible level just 10 years ago (Newell 2008; 
also see UNEP and New Energy Finance 2007). While relatively small, 
such companies can be an important source of productive innovative 
effort (Kortum and Lerner 2000).

Two main messages emerge from this discussion. First, substantial 
R&D capacity exists in the principal sectors and companies relevant 
to GHG innovation. Evidence indicates that this private-sector inno-
vative capacity will be directed to developing and commercializing 
low-GHG technologies—if increased demand is spurred by a price 
on GHG emissions. The second message is that the private-sector 
level of R&D spending on relevant products and processes is so 
substantial that failure to align private-sector profi t incentives with 
societal GHG goals means that any public R&D spending will likely 
push against an insurmountable tide. Pervasive incentives for GHG 
mitigation throughout the major economies will be necessary to reori-
ent investment and innovation in a more climate-friendly direction. 
Nonetheless, such reorientation is not free and can be particularly 
costly if it comes at the expense of other R&D. Increased demand for 
specialized R&D without a complementary increase in the supply of 
relevant R&D professionals runs the risk of displacing or crowding 
out other valuable research activities, or of increasing salaries rather 
than effort. Education and international scholarly exchange is there-
fore an important element of a balanced innovation strategy.

For a GHG policy to provide an effective inducement to innovation, 
however, it is critical that the private sector views the policy as credible 
over the long term. Given the sometimes substantial time lags between 
initial discovery and profi table market penetration, companies must 
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be confi dent that there will indeed be suffi cient demand once their 
innovations reach the market. Such confi dence would be increased by 
domestic policies and international agreements that put in place GHG 
emission targets whose stringency is spelled out for many decades in 
advance, and that provide stable fi nancial incentives across a wide 
array of technological solutions.

Technology transfer through international trade 
and development assistance

Domestic actions for emissions mitigation will be a critical feature 
of any internationally coordinated response to climate change that 
induces the necessary long-term innovation. Nonetheless, transferring 
the resulting technological knowledge and equipment internation-
ally—and ensuring that technologies develop that are appropriate 
to different countries—will require additional actions at an interna-
tional level. While technology transfer strategies must address typical 
impediments to technology adoption, such as information availability 
and technological maturity, they also must address fi nancing barriers 
specifi c to developing countries. The degree of protection afforded 
to intellectual property rights and other conditions related to the 
rule of law, regulatory transparency, and market openness are also 
critical and can present impediments that bear on technology trans-
fer. Intellectual property issues are discussed in the next section on 
upstream innovation strategies.

The two principle mechanisms for promoting technology transfer 
between countries are international trade and international develop-
ment assistance. In both cases, the rules and resources that underpin 
these mechanisms could be enhanced to enable a more effective 
response to global climate change. International trade and foreign 
direct investment are the main means by which new know-how and 
equipment are transferred among countries (World Bank 2008c), with 
private-sector investments constituting 86 percent of global invest-
ment and fi nancial fl ows (UNFCCC 2007). To enhance investment 
and fi nancial fl ows to address climate change, it is therefore crucial to 
focus on private-sector investments. In addition to domestic actions 
that foster a positive environment for technology transfer investments 
through regulatory fl exibility, transparency, and stability, specifi c 
international actions could be taken to reduce barriers to trade in 
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environmental goods and services. A recent study on trade and climate 
change found that varied levels of tariffs and non-tariff barriers are 
a very signifi cant impediment to the transfer of energy technolo-
gies to developing countries (World Bank 2008d). It estimated that 
eliminating these barriers could increase trade in four basic clean-
energy technologies (wind, solar, clean coal, and effi cient lighting) 
with high-GHG-emitting developing countries by 14 percent (World 
Bank 2008d). Note that the persistence of trade barriers—despite the 
desire expressed by many developing countries for greater technology 
transfer—highlights the political challenge associated with develop-
ment strategies that may have as their objective the acquisition of 
knowledge, but not products.

The World Trade Organization (WTO), with 153 members that 
include all the largest GHG emitters (except Russia, which is in the 
process of accession), is the principle international forum for negotiat-
ing trade agreements. The ongoing Doha Round of trade negotiations 
explicitly covers trade in environmental goods and services, and in 
2007 the United States and the European Union put forward specifi c 
proposals covering over $600 billion of annual trade in environmen-
tal goods. They also proposed to prioritize negotiations on climate-
friendly and energy-effi cient technologies.

A trade agreement specifi c to climate-friendly technologies could 
be constructed as a subcategory within a larger negotiated package 
on environmental goods or in a separate agreement, and could be 
structured to come into force when members representing a minimum 
percentage of trade in climate-friendly products joined (this is similar 
to the approach taken with the Information Technology Agreement). 
Or a trade pact for climate-related technologies could be formulated 
as a plurilateral agreement—like the Agreement on Government 
Procurement—and could come into effect immediately and even 
independent of the conclusions of the Doha Round negotiations. 
Progress may also be possible within the WTO Working Group on 
Trade and Transfer of Technology (WGTTT), which was established 
as part of the Doha process to examine and make recommendations 
on WTO steps to increase fl ows of technology to developing countries 
(the WGTTT has so far produced no recommendations). Ongoing 
development and harmonization of technical standards relevant to 
climate mitigation technologies could also help facilitate trade and 
technology transfer; in fact, international professional associations 
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have shown increased interest in examining the role for standards 
related to climate change and GHG management.3 Just as standards 
development can help reduce impediments to technology transfer and 
accelerate the development and adoption of new innovations, dispa-
rate, uncoordinated standards can impede such progress.

The largest source of public-sector support for cross-border fi nance 
is trade fi nance in its various forms. Export Credit Agencies (ECAs), 
such as the US Export-Import Bank and US Overseas Private Investment 
Corporation, are often used by governments to support exports from 
domestic producers, usually through insurance, guarantees, favorable 
loan terms, or direct fi nance for export and overseas investment. As 
ECAs often provide support for energy-related technologies and can 
leverage signifi cant private-sector funds, it is important that their 
investments are consistent with climate policy goals. The OECD has 
been the primary venue for discussing and coordinating international 
standards on the incorporation of environmental requirements for 
ECA support. In 2007, OECD countries agreed to stronger environ-
mental rules for ECAs, including project environmental review and 
benchmarking to international (e.g., World Bank) standards (OECD 
2007). Achieving these goals in the context of climate change mitiga-
tion will require implementation and ongoing review of these stand-
ards, development of specifi c guidelines related to climate impacts, 
and the extension of these rules to the ECAs of non-OECD countries 
such as China, Brazil, and India.

Lastly, although Offi cial Development Assistance (ODA) funds are 
currently less than 1 percent of investment globally, ODA represents a 
larger share of investments (6 percent) in the least developed countries 
(UNFCCC 2007). Therefore, bilateral and multilateral development 
assistance has an important role to play in climate change mitigation, 
especially if such assistance can be used to leverage private technology 
investments in a more climate-friendly direction. As the offi cial fi nan-
cial mechanism of the UNFCCC, the Global Environment Facility 

3 For example, the International Organization for Standardization has also begun 
cooperating with the IEA in identifying gaps and opportunities for standards to 
facilitate technology development and transfer (IEA 2007e), and the Institute 
of Electrical and Electronics Engineers Standards Association has launched a 
climate change study group. It could also be productive to coordinate these 
efforts with standards-related discussions within the WTO Committee on 
Trade and the Environment and the WTO Committee on Technical Barriers to 
Trade.
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(GEF) has been the main source of climate-specifi c ODA funding to 
date. Cumulative GEF investments since 1991 have totaled about $3.3 
billion for action on climate change in developing countries, with an 
additional $14.4 billion leveraged through co-fi nancing from bilateral 
ODA, recipient countries, and the private sector. More recently, the 
World Bank joined with regional development banks to approve a 
pair of climate investment funds in support of the Bali Action Plan: the 
Clean Technology Fund and the Strategic Climate Fund. These funds, 
for which the World Bank is seeking at least $5 billion in support 
over the next three years (World Bank 2008a, 2008b), will provide 
resources for demonstration, deployment, and transfer of low-carbon 
technologies. They will also serve as a vehicle for testing innovative 
approaches to climate change, including adaptation.

Complementary upstream technology innovation strategies

The two most important international strategies for supporting the 
upstream supply and transfer of new climate technology innovations 
are (1) promoting increased and more effectively coordinated public 
funding of R&D, and (2) resolving any impediments to knowledge 
transfer through intellectual property. To implement these strate-
gies, the UNFCCC should consider establishing an Expert Group on 
Technology Development to focus on activities related to technology 
innovation. This group would complement the existing Expert Group 
on Technology Transfer, which is focused primarily on technology 
deployment and related fi nancial mechanisms. Together, these expert 
groups would serve as the UNFCCC focal point for interactions with 
the IEA, WTO, and other international institutions. In that capacity 
they could provide advice to, and develop recommendations for, the 
Subsidiary Body for Scientifi c and Technological Advice concerning 
specifi c issues related to the development of innovative technologies 
and the transfer of related knowledge for climate mitigation.

International coordination and augmentation of climate 
mitigation R&D

While private-sector effort dominates overall R&D spending and 
performance—particularly for product and process development—
public funding of research is a signifi cant and essential component of 
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the overall innovation system for climate mitigation, in part because 
of the role it plays in building capacity by training future researchers. 
IEA member countries, which together account for about 85 percent 
of overall global R&D expenditures, spent an estimated $11 billion on 
publicly funded energy R&D in 2006 (IEA 2007a)—or about 4 percent 
of overall public R&D spending by these countries in the same year 
(Figure 13.3).

In real terms, this is about the same level of expenditure as in 1974, 
but it is a substantial reduction since 1980, when public spending by 
IEA countries on energy R&D peaked at about $19 billion in real 
terms (or over 11 percent of overall public R&D funding). Public 
energy R&D budgets declined in every country except Japan over 
this period (that is, 1980–2006), and remain especially low in many 
European countries. Low fossil-fuel prices, deregulation of the natural 
gas and electric utilities industries in several countries, and a lack of 
political interest led to tandem declines in both private and public 
energy R&D spending. In recent years, however, the new energy 
technology challenges posed by global climate change, combined with 
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heightened concerns over energy security, have signifi cantly increased 
the prospective value of increased public funding for energy-related 
research. In response, funding levels have stabilized and the trend has 
been changing, with the most recent budgets in some countries, such 
as the United States, measurably increasing public funds directed to 
energy R&D. Priorities for public energy R&D budgets have also 
shifted signifi cantly, with most energy research being reoriented in a 
direction that supports GHG mitigation, either by supporting nuclear, 
renewable, and energy effi ciency R&D, or by supporting fossil energy 
R&D to facilitate carbon capture and storage.

Given the current level of energy R&D spending relative to the 
magnitude of the climate technology challenge and the magnitude of 
the potential payoff from innovative technology (likely measured in 
the hundreds of billions of dollars), it seems clear that a signifi cant 
expansion of public spending on energy R&D by developed nations 
is warranted—in tandem with expanded private R&D in response 
to market demand. For example, recent IEA (2008a) and UNFCCC 
(2007) assessments of fi nancial requirements to respond to climate 
mitigation needs conclude that it will be necessary to at least double 
clean-energy R&D to stabilize or signifi cantly reduce GHG emissions 
within the next several decades.4 Many innovations that address 
climate concerns also address energy security and local pollution 
concerns, in addition to yielding broader economic benefi ts. Studies 
fi nd that accounting for these non-climate benefi ts further increases 
the value of energy R&D, often signifi cantly (Newell 2008). It will 
therefore be valuable to target funding at areas that hold promise for 
addressing multiple energy challenges at the same time. Innovations 
that increase energy effi ciency have this potential, as do supply-side 
innovations for renewable energy, advanced nuclear power, and 

4 Suggestions that what we really need is a “Manhattan Project” or 
“Apollo Project” approach to climate mitigation R&D are misguided, however, 
for several reasons. For both of those efforts the government was the sole cus-
tomer for a single, well-defi ned project. This is in contrast to energy markets 
that are driven by millions of diverse users of a multitude of technologies. Cost 
was also not a key concern for the Manhattan or Apollo projects, whereas with 
climate technology innovation cost-competitiveness is the central issue. Those 
efforts also gave rise to a relatively short-lived burst of spending to solve a 
discrete problem, whereas what is likely to be required for climate technology 
innovation is steady incremental improvement over many decades. See Yang 
and Oppenheimer (2007) for a related discussion.
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carbon capture and storage that increase fuel diversity while reducing 
multiple pollutants.

While the case for expanding domestic R&D on climate mitigation 
technologies is compelling, and the potential benefi t of international 
cooperation seems clear, the question remains as to what specifi cally 
would be valuable and feasible to coordinate and agree to at an inter-
national level. The possibilities include agreements for knowledge 
sharing and coordination of R&D, joint collaboration and funding 
of R&D, and commitments on increased domestic R&D funding. 
Given the centrality of the IEA to international energy-technology 
cooperation, the IEA should also consider means to more regularly 
and deeply involve non-OECD countries such as Brazil, China, India, 
South Africa, and Russia in IEA programs, including accelerating the 
accession of such countries to the IEA (either in conjunction with or in 
advance of accession to the OECD).

International agreement on R&D knowledge sharing, coordination, 
and joint collaboration and funding
Activities undertaken under knowledge-sharing and coordination 
agreements can include meeting; planning; exchanging information; 
coordinating and harmonizing research agendas and measurement 
standards; and engaging in some degree of integrated, cooperative 
R&D (de Coninck et al. 2008, IEA 2008a). In addition, other agree-
ments have emerged in recent years, including the Carbon Sequestration 
Leadership Forum, the Asia Pacifi c Partnership on Clean Development 
and Climate, and the International Partnership for a Hydrogen 
Economy. Energy science and technology agreements that feature 
a higher degree of joint, collaborative R&D are less common, and 
appear to be most successful in research that is more fundamental 
and that has not yet attracted a critical mass of commercial interest. 
Examples include the ITER fusion reactor and European Organization 
for Nuclear Research (CERN) (de Coninck et al. 2008). In addition 
to expanding the international exchange of scientifi c and technical 
information, joint R&D can more directly increase cost-effectiveness 
through cost sharing and reduced duplication of effort.

Most existing international agreements relevant to climate miti-
gation technology have been developed as so-called Technology 
Implementing Agreements under the auspices of the IEA, organized 
under its Committee on Energy Research and Technology (Figure 13.4). 
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IEA Implementing Agreements use two primary mechanisms: task 
sharing and cost sharing. In task sharing, a joint program is pursued 
within participating countries, but each country funds and implements 
its own contribution to the project. In cost sharing, participating 
countries pool funding for a single contractor to perform a research 
task. There are forty-one existing IEA Implementing Agreements, 
all of which incorporate task sharing and about half of which have 
cost sharing. They cover the fi elds of renewable energy and hydro-
gen (10), end-use energy effi ciency (13), fossil-fuel technologies (6), 
nuclear fusion energy (9), and cross-cutting activities (3) (IEA 2007f). 
Membership in these agreements is not restricted to governments or 
to IEA or OECD countries—indeed, a number of organizations from 
non-OECD countries have participated. Activities under these agree-
ments are funded and conducted primarily through domestic R&D 
programs and budgets, and pooled funds often go to bundling research 
results and providing a platform for information exchange and learn-
ing (i.e., desk studies rather than primary research).

Invigorated and expanded international agreements on the coor-
dination of public R&D in the area of climate technology could be 
very valuable, particularly as countries increase R&D efforts and seek 
maximal impact in addressing this global problem. The IEA is the best-
positioned international institution to support agreement(s) related to 
energy technology, although it may be more appropriate to engage 
other international institutions for non-energy  technologies. One 
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concern with the existing IEA implementing agreements, however, is 
that they each have their own secretariats, operate independently, and 
have not undergone regular systematic review. While this approach 
eases the need for more central administration, it may also suffer from 
overlap across agreements and a lack of overall coordination and 
strategic vision. Another concern is that countries that have formal 
IEA membership—which is currently limited to OECD countries—
may have greater control over decision processes. One approach for 
addressing that concern is to explicitly include the new UNFCCC 
Expert Group on Technology Development recommended above 
within the decision-making processes of agreements that may be 
supported by the IEA. Another approach is to formally broaden IEA 
membership to include key emerging economies in concert with, or 
aside from, OECD membership.

G8 countries, other major R&D-performing countries, and likely 
major developing-country technology users should therefore consider 
agreeing to an overall framework for knowledge sharing and coordi-
nation of public R&D efforts in the area of climate mitigation. This 
framework could include a process whereby parties regularly submit 
climate-technology development plans that cover R&D funding levels, 
current and future program plans, pertinent R&D policies, and other 
relevant information. One way to think of these plan submissions is 
as supply-side counterparts to the Technology Needs Assessments 
that have been prepared by many developing countries under the 
UNFCCC (2007). In addition to country-level plan submissions, the 
overall framework could provide for an evaluation of existing climate 
technology agreements—with an eye toward identifying best practices 
and expanding, integrating, or suspending particular agreements—
and draw from other related national-level and international efforts 
by the European Union (European Commission 2007b), Japan (METI 
2008), and the United States (USDOE 2006) as well as from IEA work 
in support of the G8 and other processes (IEA 2008b).

At a minimum, participants would work together to monitor 
progress, share information on individual national efforts in an inte-
grated manner, and identify where overlaps and gaps exist across 
countries. This framework could also provide for the development 
of road maps to assess the current status of particular technologies, 
systems, and relevant areas of underlying science, including the identi-
fi cation of appropriate milestones and necessary public R&D funding 
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levels. It would also provide a more systematic means for improving 
the cost-effectiveness of public R&D by identifying particular areas 
where it makes sense for individual countries to focus on sub-parts 
of an integrated overall package and areas where joint funding is 
sensible. For example, such a framework could be used to organize 
and fund joint projects to demonstrate carbon capture and storage 
technology. An agreement could also set out general guidelines outlin-
ing expectations with regard to the scope and magnitude of task and 
cost sharing across countries in the context of collaborative R&D 
projects. Finally, this framework could highlight the importance of 
human talent to both knowledge development and transfer, by helping 
to identify high-priority areas for scholarly exchange—including from 
developing to developed countries.

In addition to the traditional approach of using research contracts 
as the means to award joint R&D funding, another option is to offer 
internationally coordinated prizes for achieving specifi c advances in 
climate-related science and technology. The idea is to offer fi nancial 
or other rewards for achieving specifi c innovation objectives that 
have been specifi ed in advance (in contrast to ex post awards like the 
Nobel Prize) (Newell and Wilson 2005, National Research Council 
2007).5 Prize-like approaches have also gained traction within the 
private sector: Firms like Innocentive match “seekers” (organizations 
that wish to address challenging problems) with “solvers” (innovators 
with solutions) by offering them cash awards. Among other things, 
Innocentive has a philanthropic subprogram that is devoted to clean 
technology and renewable energy and that offers prizes supported by 
a private foundation.

Although inducement prizes are not suited to all research and 
innovation objectives, they have the potential to play a larger role 
alongside research contracts and grants. In contrast to these other 
instruments, prizes target and reward innovation outputs rather than 
inputs: the prize is paid only if the objective is attained. This can help 

5 Recently proposed prizes relevant to energy and climate policy include 
“Prizes for Achievement in Grand Challenges of Science and Technology” 
authorized in the US Energy Policy Act of 2005; the H-Prize (for hydrogen) and 
Bright Tomorrow lighting prizes authorized in the US Energy Independence 
and Security Act of 2007; the privately-funded Progressive Automotive X-Prize; 
and the Earth Challenge Prize announced by British fi nancier Richard Branson. 
Only the last two private prizes have been funded.
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encourage maximal research effort per dollar of research funding. 
Prizes or awards can also help focus efforts on specifi c high-priority 
objectives, without specifying how the goal is to be accomplished. 
Because prize competitors select themselves based on their own 
knowledge of their likelihood of success—rather than being selected in 
advance by a research manager—prizes can also attract a more diverse 
and potentially effective range of innovators from the private sector, 
universities, and other research institutions.

In an international context, a prize approach could have the advan-
tage that the winner of R&D funding does not have to be chosen in 
advance, thus avoiding a selection process that can become politically 
charged when researchers and research institutions reside in particular 
countries. Just as the Olympics engender a spirit of both international 
cooperation as well as competitive record-breaking, technology prize 
competitions could play an important role in international climate 
R&D. Prizes could be particularly useful for advancing innova-
tion relevant to the mitigation and adaptation technology needs of 
developing countries, given the relatively low levels of market-driven 
inducement for innovation that may be present in those countries. For 
similar reasons, the use of innovation prizes has been advocated for 
medical advances particularly relevant to developing countries (e.g., 
anti-malaria drugs) (Love and Hubbard 2007).

The detailed process of selecting appropriate prize topics and craft-
ing prize-specifi c rules (e.g., the type of contest, size of award, criteria 
for winning, method of choosing the winner) requires extensive con-
sultation with experts and potential participants (National Research 
Council 2007). Identifying particular technical and scientifi c chal-
lenges in GHG mitigation that could be fruitfully addressed through 
an inducement prize approach could be identifi ed as part of the above 
systematic assessment. Then the best institutional arrangements for 
administering the prize would need to be determined. Consideration 
would need to be given to the treatment of intellectual property arising 
from associated innovations (as with any joint R&D project), and to 
the development of terms for related licensing.6 An international 
climate technology prize fund would also need to be established, with 
contributions potentially coming from national governments, as well 

6 Note that while, in theory, prizes are often conceived as a substitute for 
patents, in practice, inducement prizes often do not preclude patenting.
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as foundations, individuals, and corporations. While contributions for 
such a fund could be sought on an as-needed basis for specifi c projects, 
it would probably be advantageous to have larger-scale general funds 
that could then be prioritized to specifi c prize topics.7

International agreement on domestic climate technology 
R&D funding
An international agreement could also be fashioned to increase domes-
tic funding of climate technology R&D, analogous to internationally 
agreed emission targets for each country. An international agreement 
on the necessary level of R&D funding and reasonable burden sharing 
of R&D efforts across parties could be valuable. Such an agreement 
could, for example, target a level of climate technology R&D as a 
percentage of GDP, or as a percentage increase from recent levels, with 
those levels set to refl ect a signifi cant expansion of R&D. The general 
idea is not without precedent: in 2002, the European Union set the 
goal of increasing its relatively low level of overall R&D spending—
currently at 1.8 percent of GDP (OECD 2008)—to 3 percent of 
GDP by 2010. The goal is EU-wide rather than country-specifi c and 
applies jointly to both public and private R&D funding. However, 
there is little evidence of measurable progress toward the goal thus 
far, although ongoing discussions among government representatives 
and major R&D-performing companies have illuminated many of 
the key impediments. A more detailed example—albeit in the medical 
rather than climate arena—is the 2005 proposal to the World Health 
Organization for a Treaty on Medical Research and Development.8 
The core country obligations in the proposal are for minimum levels 
of support for qualifi ed medical R&D (both general and “priority” 

7 An important consideration for any joint fund of this type is the incentive 
for entities to contribute, rather than free ride on the contributions of others. 
Barrett (2003) suggests an approach whereby individual country contributions 
to an R&D fund would depend on the other countries participating. The incen-
tives for participation and compliance are increased by a mutually enforcing 
participation clause, while a cap on the total fund ensures that countries know 
their maximum costs. If one country accedes, then all the other parties would 
increase their funding by a specifi ed amount; alternatively, if that country 
withdraws, the others lower their funding. While not a panacea, this approach 
merits consideration.

8 A copy of the proposal can be found at www.cptech.org/workingdrafts/
rndtreaty.html. See Love and Hubbard (2007) for a related background 
 discussion.
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areas), measured as a share of GDP, according to a schedule that varies 
by national income. Among other things, the proposal also identifi es 
methods of qualifi ed R&D fi nancing (e.g., direct public support, tax 
expenditures, philanthropic expenditures, and certain business R&D).

Specifi cally with regard to energy, the IEA already collects annual 
data on public energy R&D spending by IEA countries, a process that 
could be adjusted if necessary to serve a more formal purpose. To 
operationalize such a commitment, it would probably have to exclude 
private-sector climate-related R&D expenditures, which are diffi cult 
to distinguish from other R&D. Such an agreement could incorpo-
rate a “pledge and review” structure, and the necessary reporting on 
funding levels could be integrated with the regular climate-technology 
development plans described above. Targets could be structured 
as a share of GDP, as a percentage increase from recent levels, or 
some other metric. The IEA could serve as the review body—either 
directly or as an assistant to a UNFCCC Expert Group on Technology 
Development. The process could also include a broader energy innova-
tion policy review element: The IEA already conducts regular reviews 
of the energy policies, including energy-technology policies, of IEA 
member countries and other major energy consumers and producers 
(see, for example, IEA 2006).

Knowledge transfer through intellectual property

Protecting intellectual property through patents is one of the principal 
means by which innovators can capture value associated with devel-
oping new GHG-reducing technologies. By providing a mechanism 
for appropriating the value of innovation beyond the boundaries of a 
fi rm, patents and other forms of intellectual property protection (e.g., 
industrial designs, trademarks, copyrights) can stimulate innovative 
activity that might not otherwise take place, or at least not be pursued 
as intensely. In return, patents require that the invention be disclosed to 
the public, which allows future innovators to build on that knowledge 
and ensures that new knowledge is freely available after the patent 
expires (usually in twenty years). In a related manner, the ability to 
secure a patent can also increase technology transfer—whether to 
industry from a university or government laboratory, or from one 
country to another—by rewarding the innovator (or subsequent patent 
owner) for taking the necessary steps to move ideas to ultimate users. 
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Otherwise innovators may keep their inventions secret, thereby stifl ing 
the application of those innovations as well as follow-on innovation.

On the other hand, patents assign a temporary monopoly right, 
which tends to lead to higher prices and which could impede the near-
term diffusion of products or processes that embody the patent. In 
addition, obstacles to follow-on innovation could arise in the process 
of securing licenses for foundational patents or if there is a “thicket” of 
overlapping patents that must be cleared. Firms may simply be unwill-
ing to grant licenses out of concern that intellectual property rights 
will not be respected in certain countries. In the context of climate 
change, therefore, developing-country parties have often held that 
intellectual property rights are a barrier to technology transfer and 
that options such as compulsory licensing and greater access to tech-
nologies in the public domain should be considered. Others counter 
that intellectual property protection encourages technology develop-
ment and transfer, that intellectual property costs are a small portion 
of overall technology costs, and that many existing climate-friendly 
technologies are no longer protected by patents. Research to examine 
these competing claims in the specifi c context of climate-friendly tech-
nologies has so far been limited (Reichman et al. 2008). In an analysis 
of existing solar, wind, and biofuel technologies, for example, Barton 
(2007) found that intellectual property has elicited innovation without 
signifi cantly impeding technology transfer, although problems could 
arise if new, very broad patents were granted that impede the develop-
ment of future, more effi cient technologies. Views on these issues are 
diverse, however, and probably warrant further discussion and possi-
ble action at an international level, a discussion that has only recently 
begun among the relevant international institutions.9

The two key international institutions for developing and imple-
menting intellectual property policies are the World Intellectual 
Property Organization (WIPO), a specialized agency of the United 
Nations that administers numerous intellectual property treaties, 

9 The current state of this discussion is illustrated by presentations at the 
workshop “Life Sciences Symposium on Patent Landscaping and Transfer of 
Technology under Multilateral Environmental Agreements,” sponsored by the 
World Intellectual Property Organization, Geneva, August 2008 (www.wipo.
int/meetings/en/2008/lifesciences/ip_lss2_ge/) and the “European Patent Forum 
2008: Inventing a Cleaner Future,” Ljubljana, Slovenia, May 2008 (www.epo.
org/about-us/events/archive/2008/epf2008/forum-1/details2_fr.html).
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and the WTO, through the Agreement on Trade-Related Aspects of 
Intellectual Property Rights (TRIPS). To improve dialogue; better 
integrate climate-related and other ongoing discussions where they 
interface with intellectual property, environment, and sustainable 
development issues; and identify productive solutions, the UNFCCC, 
WIPO, and WTO should consider seeking observer status with the 
other institutions. Within WIPO, the UNFCCC, through its Expert 
Groups on Technology, would actively engage the recently launched 
Committee on Development and Intellectual Property (WIPO 2008a, 
2008b). As existing observers to the WTO Committee on Trade and 
Environment, the UNFCCC and WIPO should consider engaging with 
the WTO TRIPS Council and, if useful, the UNFCCC should seek 
observer status specifi cally with the TRIPS Council. Coordination 
with the WTO WGTTT may also be desirable.

These bodies would work jointly to identify technology develop-
ment and transfer opportunities and impediments associated with the 
intellectual property system; advance recommendations for harnessing 
opportunities and reducing impediments; identify best practices; and 
expand technical assistance and capacity-building activities to facili-
tate the development and transfer of innovations for climate-change 
mitigation. Parties to the UNFCCC and WIPO should consider estab-
lishing a fund within the WIPO for these purposes; another possibility 
would be to use the new Strategic Technology Fund at the World Bank 
(although the immediate focus of that fund appears to be adaptation). 
Among other purposes, such a fund could potentially be used to pur-
chase intellectual property rights (which could be placed in the public 
domain) and cover licensing fees, royalties, and other costs related to 
intellectual property (e.g., application, examination, registration fees), 
if and where this would be an effective means of increasing technol-
ogy transfer. It is also worthwhile to consider whether conditioning 
the receipt of such support on the implementation of best practices in 
a particular country would increase the leverage of this approach—in 
terms of both promoting technology transfer and enhancing the will-
ingness of developed countries to contribute to such a fund.

Conclusion

The range of opportunities for improving and expanding interna-
tional climate technology development and transfer extends well 
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beyond the usual boundaries of environmental decision makers to 
the broader context of international agreements and institutions for 
energy, trade, development, and intellectual property. Recognizing 
that any successful effort to accelerate and then sustain a higher rate of 
 climate-technology development and transfer must harness a diverse 
set of markets and institutions, the following specifi c issues and 
actions should be considered within the post-2012 dialogue:

Given the centrality of private-sector trade, investment, and innova-• 
tive effort in technology, widespread global demand for low-GHG 
technologies will be essential to move the energy system in the 
desired direction. Long-term national commitments and policies for 
emission mitigation are crucial to providing the necessary private-
sector incentives for technology development and transfer.
For developing countries, fi nancial assistance for technology trans-• 
fer and capacity building is also necessary. At the same time, 
GHG-related guidelines for fi nancing by ECAs and multilateral 
development banks can help ensure that investments in trade and 
development assistance are consistent with climate mitigation 
goals.
In addition to increased incentives, barriers to the transfer of • 
climate-friendly technologies could be reduced through a WTO 
agreement to reduce tariff and non-tariff barriers to trade in envi-
ronmental goods and services. Efforts to develop and harmonize 
technical standards—by international standards organizations in 
consultation with the IEA and WTO—could help reduce impedi-
ments to technology transfer and accelerate the development and 
adoption of climate-friendly innovations.
A framework for coordinating and augmenting climate-technology • 
R&D could be organized through a UNFCCC Expert Group on 
Technology Development, supported by the IEA. Broadening IEA 
participation to large non-OECD energy consumers and produc-
ers could also facilitate such coordination. An agreement could 
include a process for reviewing country submissions on technology 
development, along with a process for identifying redundancies, 
gaps, and opportunities for closer collaboration. A fund for cost-
shared R&D tasks and international prizes could be established 
to provide fi nancing for innovative efforts to advance science and 
technology objectives that are best accomplished in a joint fashion. 
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The  agreement could also include explicit targets for increased 
domestic R&D spending on GHG mitigation.
A UNFCCC Expert Group on Technology Development, WIPO, • 
and the WTO could work jointly to develop recommendations for 
addressing technology development and transfer opportunities and 
impediments associated with the intellectual property system. A 
fund could be established in WIPO or another appropriate body 
for related technical assistance, capacity building, and possibly to 
purchase intellectual property or cover its costs.

Climate-technology policy must complement rather than substitute 
for policies that provide a direct fi nancial incentive for emission miti-
gation. R&D without market demand for the results would ultimately 
have limited impact, while stimulating market demand for emissions 
mitigation without supportive technology policies misses longer-term 
opportunities for signifi cantly lowering mitigation costs and expand-
ing opportunities for greater GHG mitigation. Impediments to the 
international transfer of know-how and equipment also should be 
reduced. The scale of the technology problem we confront in effec-
tively managing climate risks while simultaneously addressing other 
major energy issues is such that it requires a portfolio of strategies 
for reducing barriers and increasing incentives across multiple inter-
national institutions and agreements. This is also the only way to 
maximize the impact of the scarce resources that are available for 
addressing climate change and other critical societal challenges.
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14 Mitigation through resource 
transfers to developing countries: 
expanding greenhouse gas offsets
Andrew Keeler and
Alexander Thompson1

Introduction

Both developing and developed countries hold a central view in 
common in international climate negotiations: each thinks the other 
should be doing more to mitigate greenhouse gas (GHG) emissions. 
To date, international negotiations and agreements on climate change 
have not been particularly successful in creating signifi cant changes in 
either the commitments or actions being adopted by developing coun-
tries with respect to GHG mitigation. Our proposal in this chapter is 
to build on existing offset policies to enhance efforts by developing 
countries to combat climate change.

For a variety of environmental and political reasons, focusing on 
developing countries is crucial at this stage in the climate regime’s 
evolution (Frankel 2007). Most obviously, large developing countries 
—especially India and China—account for an increasingly important 
share of global emissions as a result of rapid population and GDP 
growth (Stern 2007: 169). The International Energy Agency forecasts 
that three-quarters of the increase in global energy use over the next 
two decades will come from developing countries (IEA 2007). A suc-
cessful climate architecture will have to include mitigation in these 
parts of the world. At the same time, the world’s largest emitter, the 
United States, has made participation in binding emissions reduction 

1 We are grateful for insightful comments from Joe Aldy, Dan Bodansky, Rob 
Stavins and an anonymous reviewer. We also received helpful feedback from 
participants at the Harvard Project on International Climate Agreements 
Research Workshop in March 2008. We would like to acknowledge the fi nan-
cial support of the Mershon Center for International Security Studies at Ohio 
State University.



440 Andrew Keeler and Alexander Thompson

contingent on actions by large emitters in the South. Thus develop-
ing country participation has emerged as the lynchpin of progress in 
global climate negotiations.

One possibility is to encourage developing countries to participate 
by assuming mitigation commitments, just as their richer counter-
parts do. While this is a potentially viable strategy in the long run, 
it is unrealistic and not essential in the short term. It is unrealistic 
because these governments have categorically rejected the option 
of binding targets, appealing to the historical responsibility of the 
industrialized world, the “common but differentiated responsibil-
ity” principle in the 1992 United Nations Framework Convention 
on Climate Change (UNFCCC), and their overriding concern with 
unfettered economic development. When the Group of Eight (G8) 
recently pledged to halve their emissions by 2050, a group of large 
developing countries refused to sign on—even though the commit-
ment is aspirational and nonbinding. Fortunately, we argue, devel-
oping country emissions commitments are not essential given that 
there are other ways—both politically viable and environmentally 
effective—to achieve progress in GHG reduction in the developing 
world.

We propose to succeed the Clean Development Mechanism 
(CDM) with a much more expansive approach to the use of carbon 
offsets in the developing world as a way to reduce GHG emissions. 
We call for less emphasis on strict ton-for-ton accounting, with its 
high transaction costs, and increased reliance on a broader range 
of activities and policies that go beyond the relatively narrow set 
of projects currently pursued under the CDM. We also recommend 
establishing a minimum percentage of developed-country commit-
ments that should be met by funding developing-country actions. 
Our proposal seeks to incentivize long-term investments and policy 
changes relative to short-term measures designed to meet largely 
artifi cial targets. The focus is thus on effectiveness rather than on 
politically derived goals. We identify which elements of the enhanced 
offsets mechanism would have to be negotiated by governments and 
suggest how existing international organizations might be adapted 
to manage it.

We do not claim that our proposal is a complete solution, but 
only that it offers one avenue for improving the current situation 
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and may help international policy evolve in a productive direction. 
We also do not believe that this is the only path for progress in 
enhancing the participation of developing countries in international 
efforts to reduce GHG emissions—there are other policies or foci of 
negotiation that could be as or more effective (or achieve the same 
ends with different institutions than we propose). The attractiveness 
of what we are proposing is that it can be seen as an evolution of 
current policies and has characteristics that may overcome political 
and diplomatic barriers that prevent alternatives from being imple-
mented. In any event, there is nothing we advocate that precludes 
other approaches if they prove to be fi nancially, politically, and dip-
lomatically viable.

Our proposal contains fi ve elements:

Change the criteria for offsets from “real, verifi able, and perma-1. 
nent reductions” to “actions that create real progress in developing 
countries toward mitigation and adaptation.”
Make a signifi cant share of industrialized-country commitments 2. 
(whether international or domestic) achievable through offset pay-
ments to developing countries.
Put a specifi c or minimum quantity of offset credits in a fund 3. 
ex ante; the expenditures of the fund would then be governed by 
principles and institutions described later in this chapter.
Make the principles used to qualify actions taken in developing 4. 
countries as offsets the specifi c focus of negotiation among state 
parties.
Delegate clearly delineated tasks to existing international organi-5. 
zations and new institutions for the purpose of managing and 
safeguarding the offsets program, consistent with negotiated 
guidelines.

We proceed by fi rst giving a sketch of the problem of negotiating 
agreements and implementing policies and investments. We discuss 
the theory and experience with offsets as a part of the international 
regime. We then present each of these fi ve elements in turn. We con-
clude with an assessment of how this proposal could be useful in 
enhancing developing country actions in the context of climate change 
negotiations and agreements.
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The problem as we see it

The effi cient and the possible

Any discussion of how to structure international climate agreements is 
permeated by the tension between two policy perspectives:

A technical policy design perspective that seeks to meet goals of • 
effi ciency, cost-effectiveness, and equity; and
An international relations/political economy perspective that • 
tempers the technical perspective with the notion that nation-states 
will only make, participate in, and comply with agreements that are 
in their own self-interest (or a weaker form that says they will be 
strongly infl uenced by their own self-interest).

Proposals and supporting arguments for a particular approach to 
addressing climate change focus on both the characteristics of pro-
posed policy architectures (and policies) and on the reasons why 
they might actually be adopted and followed. The most promising 
climate policy is the one with the best combination of technical merit 
and probability of adoption and implementation—and even then it is 
unclear how to weight these two factors.

A clear lesson from the international relations literature is that 
international institutions are most likely to thrive when they are self-
regulating—that is, when states have an individual incentive to create 
and maintain them (Keohane 1988: 387). This logic extends to the 
design and rules of institutions, which must be incentive compatible in 
order to elicit ongoing participation and implementation (Koremenos, 
Lipson and Snidal 2001). The issue of political feasibility requires 
that we take domestic and international political considerations into 
account if we want to produce a robust architecture to manage climate 
change at the global level.

Making this even more diffi cult, policy architectures cannot be 
evaluated in a short-term sense but need to be evaluated in terms of 
what kinds of future agreements and actions they lead to (and with 
what probability). A “bad” agreement in the short run, if it leads 
to developing country participation, for example, ultimately will be 
judged better than a “good” agreement (e.g., one with strict targets 
and accountability) that results in lesser participation and commit-
ment in the future. In other words, path dependence dynamics must be 
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taken into account when making current decisions about institutional 
design. With this long-term perspective in mind, some analysts have 
advocated more fl exible and adaptable approaches to complex prob-
lems such as climate over rigid, short-term commitments (Pizer 2007; 
Raustiala and Victor 1998; Thompson 2006).

Given the global public good nature of emissions reductions, free-
rider and prisoner’s dilemma logic implies that almost any policy 
that requires real resources is not rational. However, there are good 
reasons to believe that this narrow interpretation of the collective 
action problem at hand is too pessimistic. First, we have seen not just 
agreements (Kyoto) but actions (the EU’s Emission Trading Scheme) 
where countries take on costly programs. Second, nation-states are not 
unitary actors—their preferences and negotiating strategies are derived 
from competing domestic interests, which in some cases include pre-
cautionary publics and infl uential NGOs (Moravcsik 1997; Sunstein 
2003; Betsill and Corell 2007). Finally, international negotiations and 
institutions can provide a transparency and assurance mechanism, 
whereby rational actors are willing to move forward if they know that 
others are cooperating as well and that they will be interacting into the 
future (Axelrod and Keohane 1985; Mitchell 1998).

We base our arguments on the premise that self-interest limits the 
range of policies that governments are willing to pursue. However, 
we also assume that this does not rule out international cooperation, 
costly changes in behavior, and far-sighted policies if agreements are 
designed to be sensitive to political needs at the international and 
domestic levels.

Arguments about desirable international architectures and agree-
ments are therefore based on past experience, logic, and analysis of 
self-interested behavior. Given the lack of success to date, the elements 
of international agreements that have the best combination of techni-
cal merit and broad enough appeal to achieve widespread support 
remain unknown until such time as an agreement is actually ratifi ed. 
As an example of this, we note that in the predecessor volume (Aldy 
and Stavins 2007), all authors appeal to self-interest but advocate a 
wide and differing array of general GHG mitigation architectures. 
Some authors advocate effi cient mechanisms and are optimistic that 
diplomatic and self-interest problems will not continue to prevent 
such agreements (for example, Frankel 2007 and Cooper 2007), while 
some are considerably more pessimistic about the possibilities of 
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achieving effi cient international GHG reduction through broad com-
mitment to price- or quantity-based policies (Victor 2007 and Barrett 
2007).

From the perspective of economically effi cient policy design, having 
developing countries take on targets creates a set of coherent and 
effi cient incentives. The targets could be negotiated in such a way 
that developing countries bear no costs, and rather stand to gain from 
allowance sales to industrialized countries.2 However, developing 
countries have overwhelmingly rejected this path, so this particular 
effi cient design does not offer—at least in the short run—a plausible 
path forward.

Our view of plausible combinations of effi ciency and implementa-
bility for offset policy is based on the following sketch of the interests 
of industrialized countries and developing countries in negotiations. 
We focus both on the outcomes about which countries care the most 
and on the kinds of accountability that are likely to be preferred.

Priorities for self-interested action

The good news from a political perspective is that large majorities in 
most countries view climate change as a serious problem that must be 
addressed. A 2006 poll of thirty countries found that, on average, 90 
percent believe climate change to be a “serious problem,” with concern 
rising sharply over the last several years (Globescan 2006). According to 
a 2007 BBC survey of twenty-one countries, both developed and devel-
oping, substantial majorities in all but a few populations agree that it is 
“necessary to take major steps very soon” to combat global warming 
(BBC World Service 2007).3 These sentiments extend to the offi cial posi-
tions of most governments. The 1992 UNFCCC and the 1997 Kyoto 
Protocol, both of which call on governments to reduce emissions, enjoy 
near universal participation (192 and 186 ratifi cations, respectively).

To be clear, nominal support by governments does not always 
translate into concrete action and, except for Annex B parties to 

2 Proposals along these lines have employed business-as-usual or headroom (more 
than projected business-as-usual) targets for developing countries. Frankel 
(2007) offers a specifi c scheme based on this concept.

3 Important exceptions are India and Russia, where only 37 percent and 
43 percent, respectively, agree. In both countries, however, only tiny minorities 
feel that it is not necessary to take any steps to address climate change.
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Kyoto, these multilateral treaty commitments do not impose specifi c 
and binding commitments. Moreover, these broad concerns and pro-
fessed commitments regarding climate change mask signifi cant varia-
tion in underlying interests and preferences with respect to the details 
of how to address the problem. We consider these interests from the 
perspective of both industrialized and developing countries.

Priorities of industrialized countries
Industrialized countries have both a short-term and a long-term inter-
est in reducing GHG emissions. Their more immediate concern is to 
reduce emissions in a way that contributes to achievement of their 
Kyoto and/or domestic policy targets,4 and to do so in the most cost-
effective way (in both an economic and a political sense). This helps 
explain the appeal of the CDM as an alternative to potentially costly 
emissions reductions at home, which face resistance from industry 
and energy lobbies. It also explains why, in existing offset policies, 
industrialized countries have focused on real and verifi able emissions 
reductions that allow them to maintain that they have met (or will 
meet) emissions targets. This has contributed to the high transaction 
costs and limited scope of projects the CDM has funded to date.

More broadly, industrialized countries also care about emissions 
reductions in the longer run from developing countries. This is not 
the primary focus of offset policy but is a vital and overarching 
concern in terms of the collective global response to climate-change 
risks. Developing country reductions are crucial for reasons of envi-
ronmental effectiveness, given that these countries will soon account 
for a majority of global emissions (Wiener 2007: 69; IEA 2006: 
78–83). Indeed, in 2007 China surpassed the United States as the 
world’s leading emitter of energy-related carbon dioxide (CO2) emis-
sions (IEA 2007: 11), and by some measures non-Annex I countries 
have surpassed Annex I countries in terms of GHG emissions.5 This 
implies that industrialized countries ought to care about the effi cacy 

4 Industrialized countries also have a near-term interest in meeting targets 
from various regional arrangements, such as the European Trading Scheme, and 
from unilateral policy pronouncements on emissions reductions like Australia’s 
emissions trading program.

5 This is true if one takes into account GHG emissions from land-use 
change. These calculations are based on the World Resources Institute’s Climate 
Analysis Indicators Tool, available at http://cait.wri.org/.
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of offset policies in creating changed conditions—not just immediate 
 reductions—in energy systems and other GHG emission and seques-
tration systems. It also implies that industrialized countries should 
care about how actions taken now affect the eventual ability and will-
ingness of developing countries to commit to targets or to policies and 
measures that are comparable to those of the industrialized countries. 
This goal is crucial in the long run to address the concerns of com-
panies in developed countries that compete with developing-country 
fi rms and to prevent excessive leakage of emissions. Leakage occurs 
when carbon-intensive activities relocate to nonparticipating coun-
tries to avoid regulation or when reduced demand from developed 
countries depresses fuel prices, leading to more consumption—and 
therefore higher emissions—in unregulated economies (IPCC 2001: 
542–3).

It should also be noted that many developed countries have a sepa-
rate interest in promoting economic development in the global South, 
for both political and principled reasons (Lumsdaine 1993; Milner 
2006). To the extent that these countries promote technology transfer, 
infrastructure improvement, and employment in the developing world, 
offset activities have additional political appeal. Indeed, when asked if 
wealthy countries should provide aid to poorer ones that agree to limit 
emissions, large majorities in Australia (84 percent), Canada (84), 
Britain (81), France (78), Russia (77), Italy (77), Spain (76), Germany 
(75) and the United States (70) agreed (BBC World Service 2007). 
Combined with the cost-savings and fl exibility advantages of cutting 
GHGs emission in the developing world, where smaller investments 
produce larger reductions, this could help industrialized-country gov-
ernments build a broad-based domestic coalition in favor of climate 
strategies that involve the developing world.

Priorities of developing countries
Developing countries care most about economic development—improv-
ing the livelihood opportunities and welfare of their  populations—and 
will not want to accept commitments that might now or in the future 
limit attractive development choices. They have thus far been unwill-
ing to trade off any progress in this area in order to mitigate GHG 
emissions. Both industrialized and developing countries have recog-
nized the primacy of economic development in developing-country 
decision making. Such concerns have been largely sidelined for the last 
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several years as industrialized nations focused on negotiating com-
mitments and the mechanisms for meeting them. However, the theme 
of sustainable development is clearly enshrined in the UNFCCC and 
Kyoto Protocol and has been resurgent lately as developing countries 
face increasing pressure to participate in an international climate 
regime (Najam, Huq and Sokona 2003). Energy systems are integral 
to economic development, both in terms of providing electricity for 
industry, commerce, and residential use, and for transportation. 
Changes that have the potential to expand energy availability and/or 
lower costs matter to developing countries.

A number of studies demonstrate that developing countries are more 
vulnerable to climate change impacts (Nordhaus and Boyer 2000; 
Cline 2007; IMF 2008: Chap. 4). For this reason, adaptation to climate 
change is a more pressing concern for most developing countries, 
although the state of knowledge about policies and investments that are 
most effective in aiding adaptation is limited (IPCC 2007: Chap. 17). 
However, relative to mitigation, adaptation expenditures benefi t the 
location where investments are made, and not the entire planet. 
Therefore such expenditures may have more appeal to poor countries 
than mitigation actions, whose benefi ts are a global public good.

GHG mitigation is at the low end of developing country priorities. 
Reducing carbon emissions is seen—at least in the short run—as an 
industrialized country obligation and a low-payoff action. In large 
developing countries this has become a diplomatic issue, and there is 
some evidence that investments are beginning to be infl uenced by an 
expectation of future carbon constraints or economically and techno-
logically transformed energy systems.

Accountability and effectiveness in reducing GHG risks

“Accountability” is used here to refer to the ways that mitigation 
activities are measured, credited, and assessed. Accountability is often 
treated as a matter of degree: a regime may contain more or less 
accountability. We also make a qualitative distinction between two 
broad approaches to accountability. Strict accountability typically 
requires specifi c, binding targets against which government actions 
are measured. An advantage of this approach is that it entails a readily 
observable “output” measure that can be used to evaluate compli-
ance. However, these outputs may or may not be associated with 
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environmentally benefi cial outcomes if the regime is not well designed. 
A second approach to accountability is what we refer to as progress-
oriented accountability. Here a government’s actions are judged not 
by whether a specifi c target is attained but instead by whether there is 
evidence of progress—in terms of investments and policies—toward 
long-term reductions in emissions. Policy “inputs” become more 
central for evaluating performance.6 In practice, it is likely that these 
two approaches to accountability should be combined, as each has 
strengths and weaknesses.

Industrialized countries
Political constituencies in industrialized countries care about strict 
accountability for offsets to maintain the environmental integrity of 
trading systems as a way to reach emissions targets. We discuss in 
a later section why we think strict accountability in this context is 
counterproductive.

A legitimate concern is putting poorer countries on a path to real 
mitigation over the long run, a version of accountability distinct 
from strict accountability. This form of accountability focuses less on 
verifying tons as additional and more on evidence that positive and 
productive steps are being taken as a result of resources expended. It 
is undeniably a less “objective” standard, and we have more to say on 
this below.

A harder-to-quantify goal is movement towards an outcome where 
commitment to an international agreement becomes more in the self-
interest of developing countries. The fact that this is a hard-to-predict 
and somewhat unverifi able outcome does not subtract from its impor-
tance. Defi ning and measuring accountability in regards to this goal is 
inherently diffi cult and uncertain.

Developing countries
Developing countries will generally have a preference for less—or at 
least less strict—accountability when it comes to their own activi-
ties. Their view will be that they are the best judges of how to use 
resources to meet their goals. Developing countries are especially wary 
of strict accountability because they often lack the capacity to control 

6 Advocates of an inputs approach, rather than one based on outcomes 
and targets, include Barrett (2007) and Plantinga and Richards (2008).
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outcomes and compliance, even when their efforts are sincere.7 
However, the magnitude of resource transfers will be tied in some way 
to accountability to satisfy industrialized country objectives, so the 
concept remains important.

One kind of accountability is to verify that resources are being 
used for their intended purpose—that they are not being misappro-
priated or used for goals unrelated to climate-change risks. This is 
the same challenge faced by multilateral development agencies and 
it is especially acute when dealing with less transparent (usually less 
democratic) governments. The more diffi cult accountability question 
is whether, and to what extent, resources are being used effi ciently to 
achieve climate-related goals. This type of accountability can only be 
achieved with more intrusive monitoring and auditing, which most 
governments will resist on sovereignty terms.

The bottom line is that a broader range of metrics will have to be 
used to achieve accountability and assess effectiveness in the context 
of developing-country actions. At least in the foreseeable future, these 
actions should be evaluated more indirectly in terms of meaningful 
effort and tangible progress, defi ned by such activities as investments, 
policy reforms and spending priorities (Pizer 2007).

Assessing environmental effectiveness
There are (at least) three ways of judging how well policies and 
investments affect climate-change risks. First, the simplest and least 
informative is the effect on short-run emissions, such as the reductions 
called for in Kyoto’s fi rst commitment period. A second option is to 
assess the effect on long-run GHG concentrations in the atmosphere. 
This is arguably a more relevant metric, but it is also diffi cult to quan-
tify given the long-run economic, technical, and political dynamics 
and feedbacks of current actions. Moreover, the choice of a threshold 
at which concentrations are safe is likely to be arbitrary, and the very 
notion of a single global target implies a sense of collective responsibil-
ity among nations that is unrealistic (Barrett 2007).

A fi nal option is to use an economic metric—how do policies affect 
the total benefi ts and costs of climate change (and their distribution 
across time and within and among nations)?—that is directly related 

7 On government incapacity as a source of noncompliance with international 
rules, see Chayes and Chayes (1995).
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to the effects of policies on long-run concentrations. Benefi ts and costs 
also depend, however, on the level of effort and effi cacy of resources 
devoted to adaptation specifi cally and economic development gener-
ally. Resources expended on adaptation and development may have 
a greater effect in reducing welfare losses than GHG mitigation, par-
ticularly in developing countries. The weight given to each of these 
three metrics will affect the desirability of alternative policies and 
institutions.

All three of these metrics are useful. Short-term emissions are a 
fairly objective measure and can be used to evaluate the level of effort 
and success of short-run policies. Long-run emissions can be linked 
directly to atmospheric concentrations and thus provide—with great 
uncertainty—some evaluation of how policies and levels of effort con-
tribute to long-term risks. The economic metric is the most uncertain 
and hardest to measure but remains conceptually important because 
it allows simultaneous consideration of both mitigation and adapta-
tion actions and also encompasses a recognition that choosing any 
given concentration target implicitly requires trading off risk against 
the costs of action. The chapter by Morgenstern and Fischer in this 
volume contains a much fuller and more detailed discussion of the 
metrics available for assessing policies and actions.

Offsets and targets—a means, not an end

The theory of offsets in emissions trading is fairly straightforward. 
Entities outside an emissions cap can earn offset credits by undertak-
ing (voluntary) activities that produce real emissions reductions or 
corresponding environmental improvements (e.g., carbon sequestra-
tion). These offset credits are sold into the emissions trading market, 
increasing the supply of allowances (and thus reducing allowance 
prices) without affecting overall emissions.

This straightforward theory is beset by a host of well-documented 
problems when put into practice. The biggest problem is additionality
—the determination of exactly how large a reduction is caused by a 
specifi c offset action or policy. This requires knowing a counterfactual 
baseline—how many tons would have been emitted in the absence of 
the offset action or policy—which is impossible to estimate with cer-
tainty (IPCC 2001: 427). One must “estimate the unknown” (OECD 
2000). Estimating emissions reductions also requires accounting for 
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leakage—the process by which reductions from a given project are 
offset by increases caused elsewhere (for example, if shutting down 
a high-emissions cement factory causes a new cement factory to be 
built elsewhere to meet market demand for cement). The Marrakesh 
Accords require that, as part of a project design, participants must 
implement a plan for monitoring leakage effects (FCCC/CP/2001/13/
Add.2: 19). Various proposals for how to account for leakage make 
clear just how diffi cult a challenge it is (Geres and Michaelowa 2002; 
Vöhringer et al. 2004). In the case of sequestration projects, there is 
also the problem of permanence: does the GHG reduction remain in 
place in perpetuity, or will sequestered CO2 be released later (through 
harvesting or burning, for example), thus fully or partially reducing 
the GHG reduction benefi ts?

These concerns gave rise to a set of demanding and expensive rules 
and processes to ensure that offset credits produced by the CDM were 
“real, additional, and verifi able.” Surveying the various transaction 
costs and delays that beset CDM projects in practice, a World Bank 
study concludes that “Procedural ineffi ciencies and regulatory bottle-
necks have strained the capacity of the CDM infrastructure to deliver 
[emission credits] on schedule” (Capoor and Ambrosi 2008: 4). 
In the context of forest carbon sequestration projects, Richards 
and Andersson (2001) catalogue a dizzying array of measurement 
and implementation obstacles that make the CDM’s project-based 
approach highly impractical.

Offsets are valuable in theory not just for reducing the cost of 
meeting an emissions cap, but also because they provide incentives 
to those not covered by that cap to take actions that ameliorate the 
underlying environmental problem. While in a strict accounting sense 
these actions are emissions neutral, they serve to bring unregulated 
entities within the general emissions control structure and to get these 
entities on a less emissions-intensive path. We argue that in the case 
of GHGs, emissions-neutral cost reduction gets too much attention—
both because adherence with the cap is not in and of itself a solution, 
and because project-based offsets suffer from incurable measurement 
diffi culties. Instead, it is the engagement of those outside the cap—
with an eye toward long-term mitigation—that is the key virtue of 
offset policies.

Therefore, we argue that a rigid focus on ensuring that offset poli-
cies do not undermine the sanctity of targets is misplaced. Advocates 
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of such strict accountability—under the Kyoto Protocol or under 
domestic programs, as refl ected in the current debate over national 
policy within the United States—have focused too much on targets as 
solutions and not enough on target-based policies as part of a complex 
and long-term transition to a reduced GHG future. The practical 
manifestation of such views has been to create implementation poli-
cies as if meeting the target meant that the climate change problem 
were solved, and every ton over the target was a nail in the global 
climate coffi n.

Given that worldwide emissions over long time periods, together 
with the effectiveness of adaptive responses, are the true underlying 
drivers of climate risk and damage, this emphasis is misplaced. It 
is particularly problematic as a guide for policies toward develop-
ing countries. Insistence that strict standards of additionality be 
met in CDM and other offset policies has raised the fi nancial and 
 non-fi nancial costs of offset transfers.

The CDM has clearly been designed with additionality and account-
ability very high on the list of priorities, a focus we believe is inher-
ently limiting. The emphasis on ton-for-ton emissions accounting 
has kept transaction costs high, limited innovative projects, and 
particularly prevented policy-based changes from being funded with 
offset resource transfers. This is unfortunate since there are countless 
policies—in areas such as taxation, technology, subsidies, and build-
ing codes—that could promote emission reductions in the long run 
but that cannot easily be categorized as “projects” in the CDM sense 
(Aldy and Stavins 2008: 7).

CDM administrators and participants have been well aware of these 
limitations and have worked hard to develop standardized method-
ologies and simplifi ed procedures. These measures have improved 
the situation but cannot work around the fundamental limitation of 
strict accountability. The CDM has been characterized by relatively 
low volumes of offset credits, concentration on a few large projects 
to reduce hydrofl uorocarbon (HFC) emissions (HFC reductions 
accounted for 37 percent of total credits issued through early 2008), 
and high transaction costs that have, to a large degree, excluded small 
countries and small projects. Nonetheless, language focusing atten-
tion on strict environmental integrity—and guarantees thereof—have 
made their way into the offset provisions of the most widely discussed 
US legislation and continue to be a political focus of NGOs.
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The developments in Bali implicitly recognized this problem and 
generated proposals for granting credits for avoided deforestation that 
are consistent with the approach recommended here. It will never be 
possible to precisely defi ne what actions prevent deforestation relative 
to a future counterfactual baseline, but this makes avoiding deforesta-
tion no less valuable an endeavor.

A proposal for enhancing offsets

We propose a mechanism that allows industrialized countries to meet 
part of their emissions reductions commitments by funding activities 
in developing countries. This mechanism has some signifi cant differ-
ences from the CDM. It could supplant the CDM in a post-Kyoto 
agreement or serve as an institution that governs and coordinates the 
use of offsets in separate or partially integrated industrialized-country 
emissions trading programs.

Change the criteria for offsets from “real, verifi able, and permanent reduc-
tions” to “actions that create real progress in developing countries toward 
mitigation and adaptation.”

This is the part of our proposal that diverges most from the design of 
offset programs historically. The theoretical justifi cation for recogniz-
ing offsets has centered on “carbon neutrality”—the idea that global 
net emissions will be exactly the same with and without the offset 
project.

Part of the problem with this model is the basic fallacy that offsets 
are ever really carbon-neutral in any strict sense. Issues of permanence, 
leakage, and additionality are endemic and insurmountable. Offsets 
suffer from a version of the fallacy of misplaced concreteness. Another 
problem with strict ton-for-ton accounting is that the transaction 
costs—economic and political—of meeting requirements for real, 
verifi able, and quantifi able reductions prevent many useful activities 
from qualifying for implementation—in spite of the fact that there is 
widespread agreement that massive increases in resource transfers are 
necessary to change developing-country emissions pathways.

We propose modifying the underlying concept of what is being 
offset. In adopting and implementing specifi c mitigation targets, indus-
trialized countries are taking on an obligation to make progress on 
reducing the risks of climate change. Their targets are a means to that 
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end and provide a useful metric for signaling commitment to a level 
of fi nancial and policy effort. Offsets would make a greater contribu-
tion to industrialized country goals if they focused less on offsetting 
specifi c tons of GHG emissions and more on funding, implementing, 
and evaluating activities in developing countries that are effective in 
reducing overall climate-change risk.

This proposal does not exclude the activities covered by the existing 
CDM, but rather tries to broaden the kinds of activities covered by 
that program and change the criteria for measurement and verifi ca-
tion. This in turn requires a new set of tasks and judgments to choose 
activities and evaluate their effectiveness. In subsequent sections we 
outline how negotiation and institutional design could work to make 
such judgments.

Make a signifi cant share of industrialized-country commitments (whether 
international or domestic) achievable through offset payments to develop-
ing countries.

The CDM and the cap-and-trade programs that have been adopted 
or proposed in a number of industrialized countries already contain 
provisions for transfers to developing countries in return for specifi ed 
actions. We propose to expand the fl ow of resources available through 
this mechanism by setting a reference level of industrialized-country 
targets that will provide funding for developing country actions. 
Industrialized countries would aim to purchase credits equal to this 
reference level—we propose at least 10 percent of a country’s overall 
GHG target. Credits generated by this mechanism would be accepted 
on par with the allowances used for compliance in international or 
participating national emissions trading markets. For example, if 
the United States were to adopt a target of 5,000 million metric tons 
(MMT) of CO2 equivalent emissions for a given year, it would attempt 
to purchase 500 MMT of offset credits.

These credits would make it easier for industrialized countries to 
meet their targets, while sales of credits in industrialized-country 
emissions trading markets would provide fi nancial resources for 
 developing-country actions. Some part of this commitment would be 
devoted to a fund that would make ex ante investments and the rest 
would be available to projects and actions that qualifi ed for credits ex 
post. Our recommendations for how to set criteria for actions and deter-
mine credit amounts are described in later sections of this chapter.
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Current levels of transfers under the CDM have been (a) low, (b) 
concentrated in a limited number of countries, and (c) not concentrated 
in the energy sector or sequestration. The CDM is not quantitatively 
limited in the Kyoto Protocol, but it is limited in practice by the cost 
and diffi culty of getting projects credited through the process. The 
European Union Emission Trading Scheme (EU ETS) does place limits 
on the number of CDM (and Joint Implementation) credits that can be 
used to meet EU obligations. The most widely discussed US cap-and-
trade legislative proposal (S.2191) contained a rough target of 5 percent 
for non-forestry offsets from developing countries, with provisions for 
expanding that percentage if domestic offsets did not meet a threshold.

As a standard of comparison for the potential size of our proposed 
mechanism, we calculate the magnitude of resources in 2012 if the 
United States were to adopt an overall emissions target of 4 percent 
below 2005 levels (as in S.2191) and make 10 percent of this target 
available to fund developing-country activities, and if the original 
fi fteen members of the EU ETS (EU-15) similarly pegged 10 percent of 
one year of its Kyoto target as eligible under this sort of mechanism. 
Based on an assumed allowance price of $25 per ton, the amount of 
money available to fund developing-country actions in 2012 would be 
$24.2 billion. The quantity of allowances devoted to funding in this 
example would be 969 MMTCO2 in 2012. By way of comparison, 
a total of 189 MMTCO2 have been registered from the inception of 
the CDM through early 2008. The 10 percent fi gure is offered as an 
example and reasonable benchmark. Our point is that under anything 
like the current CDM rules, developing countries are unlikely to see 
resource transfers of this magnitude.

In theory, increased resource fl ows could come from government 
tax revenues as required through some international commitment, 
rather than by selling credits into industrialized-country emissions 
trading markets. Our proposal is based on a judgment that—given the 
existence of multinational and/or national cap-and-trade programs—
political realities make credit sales a more politically palatable funding 
mechanism in the short run. We also think that such a mechanism is 
less prone to diminution or cancellation in diffi cult economic times 
than funding developing-country activities out of general revenues, 
and thus is more stable over the long run.

We also recognize that expanding the number of credits generated 
by developing country activities will reduce the price signal and level 
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of effort in the energy-production and end-use sectors of industrialized 
countries, ceteris paribus. Our judgment is that—given the existence 
of widespread target-and-price policies like cap-and-trade programs in 
the industrialized countries—the importance of changing the overall 
portfolio of responses to climate-change risk in developing countries 
makes such an outcome an acceptable tradeoff. It is also possible that 
awareness of this outcome will allow the adoption of more ambitious 
targets in the industrialized countries.

Put a specifi ed or minimum quantity of offset credits in a fund ex ante, 
where subsequent expenditures from the fund would be governed by negoti-
ated principles and institutions.

We propose that some share of offset credits generated by the above-
described mechanism—we recommend 50 percent of the total—be 
sold to provide the resources for an investment fund in developing-
country risk reduction. Instead of granting credits after a project has 
been approved and carried out, credits devoted to this fund would be 
issued and then sold to provide an ex ante funding stream. How much 
of the total allowable quantity of offset credits would go to this fund, 
and how much would be awarded through more traditional means 
(that is, awarded after the fact for projects or policies that achieve 
demonstrated progress toward climate-mitigation objectives based 
on measurement and accountability criteria), is a policy decision that 
would need to be determined through negotiation.

The main strength of a fund is that it allows much greater fl exibility 
in supporting large-scale or nonstandard mitigation options and thus 
would allow for a wider range of policy experiments. It also bypasses a 
signifi cant hurdle in the use of existing crediting mechanisms to fi nance 
mitigation actions in developing countries: the time gap between 
deciding and implementing an action and obtaining verifi cation that 
project or policy standards are being met. An ex ante fund could also 
help spread the benefi ts of offsets if geographical diversity were part 
of the criteria for selecting activities for investment; in contrast, CDM 
projects have tended to benefi t only a handful of larger developing 
countries that are able to attract private investment (Banuri and Gupta 
2000: 79). To date more than three-quarters of registered CDM 
projects have been implemented in just four countries: China, India, 
Brazil, and Mexico. Many smaller developing countries simply lack 
the capacity and expertise to successfully navigate the  complicated 
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and administratively onerous project cycle of the CDM (Yamin and 
Depledge 2005: 185).

Consider the investment required to advance a large-scale wind 
project, a liquid natural gas terminal, or an urban transportation 
project: having resources to support such projects will make a decision 
to move ahead more likely than in a situation where no credits will 
be granted until the project is approved, constructed, and producing 
results. An ex ante offsets fund reduces the need to fi nd private-sector 
fi nancing, which can be a signifi cant impediment, and it can be used to 
promote policies and build capacity in ways that are not linked to spe-
cifi c projects, such as reducing energy subsidies, implementing appliance 
effi ciency standards, or investing in renewable energy. It also makes for 
a more activist institution that is looking to spend money productively, 
rather than one that functions purely as an intermediary.

Another signifi cant advantage of a fund approach is the potential 
for reducing transaction costs for small projects. A fund could invest 
in a series of small photovoltaic or wind projects at various locations 
in a developing country without incurring the signifi cant documenta-
tion and submission costs that are required under the CDM.

One potential objection is that accountability becomes a much 
more diffi cult concept ex ante than ex post. If resources are committed 
out of a fund, what recourse is there if the funded actions are poorly 
managed or fail to produce desired results? To the extent that industri-
alized countries retain a signifi cant focus on verifying and quantifying 
developing country actions, this may move the mechanism far enough 
away from traditional offset programs to make it incompatible with 
their political and diplomatic needs. This is a justifi able concern. 
We believe progress requires that industrialized countries should be 
willing to incur risk for at least some share of their offset expenditures. 
The amount of risk that might be considered reasonable depends on 
the performance of, and basis for trust in, the fund’s governing institu-
tions, but strong risk aversion is inextricably linked to limited actions 
and lost opportunities. In a later section of this chapter we also suggest 
a mechanism to at least partially address accountability concerns 
related to this specifi c proposal, and in general to provide for ex post 
adjustment. We also note that unlike single CDM projects, a fund can 
spread risk across a variety of activities—a single investment might 
fail, but the portfolio of funded activities could still produce signifi -
cant progress toward climate-change mitigation and/or adaptation.
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Another criticism of the idea of using offset credits to create a fund 
is that it is really no different than putting resources into a fund from 
general revenues. Governments could simply agree to put an amount 
of money equal to that produced by devoting a given quantity of offset 
credits (or could expand their emissions target by the same amount of 
credits, auction the additional permits or allowances generated by this 
expansion, and devote those resources to such a fund). This is techni-
cally true, and we think that either of those two funding options would 
constitute a perfectly fi ne outcome. Our belief that linking funding for 
developing-country actions to an offset program is a viable alternative 
is based on the proposition that it is politically easier to devote a set 
of additional allowances than to use general revenues. The additional 
allowances do reduce domestic costs (holding the target constant). It is 
also politically more acceptable to provide offset credits in return for 
actions that lower climate-change risks than it is to simply relax the 
target to produce general revenues—and our proposed structure does 
maintain that connection (to actual mitigation), if less rigidly than do 
traditional offset programs. Our mechanism provides stable funding 
that does not depend on annual appropriations, and it also maintains 
at least some connection between the additional allowances made 
available and the underlying problem that multinational or national 
cap-and-trade systems are set up to address: reducing atmospheric 
concentrations of GHGs.

Climate investment funds have been gathering increasing support. 
The World Bank, after a number of smaller funds designed to 
produce CDM credits, announced two new funds in July of 2008 
that would have the fl exibility to pursue both technology-oriented 
initiatives as well as new and innovative approaches to mitigation 
and adaptation. The World Bank is hoping to capitalize these new 
funds at a total value of $5 billion. Mexico recently proposed a 
multilateral climate-change investment fund that specifi cally does not 
include additionality as a criterion for funding and that would invest 
in both mitigation and adaptation. Our proposal is very much in 
the spirit of these funds, although we believe that providing capital 
through our proposed mechanism has the potential to create a larger 
and more stable source of investment capital than sovereign govern-
ment contributions. We also believe that the specifi c operational 
principles of a fund can best be worked out through the process we 
describe below.
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We note that we do not propose that the entire commitment of offset 
credits be devoted to an ex ante fund. The more familiar mechanism of 
awarding offset credits for actions that meet program criteria should 
still be used for as large a share of overall offset credits as is desired 
(we propose half). We do believe that the fl exibility offered by a fund 
argues that at least some share of allowances be used in this way.

Make the principles used to qualify actions taken in developing countries as 
offsets the specifi c focus of negotiation among state parties.

One of the core principles of our proposal is that multilateral and 
bilateral negotiations—key ingredients of an international climate-
policy architecture—should determine the kinds of activities, poli-
cies, and investments eligible for receiving resources. Industrialized 
countries have a number of goals for offset policy: reducing the cost 
of meeting domestic obligations, promoting carbon neutrality, and 
moving developing countries toward progress in GHG mitigation are 
broad categories that apply. Developing countries are a highly het-
erogeneous group, but have in common a primary focus on economic 
development and on the principle that industrialized countries should 
transfer resources that allow developing countries to make progress 
on reducing climate-change risk in a way that does not (at least in the 
short run) entail broad quantifi able commitments.

The principles that need to be negotiated would encompass the stand-
ard accountability criteria—additionality, leakage, and  permanence
—but should move beyond the current ton-for-ton accounting frame-
work. Major energy-sector investments and policies, forestry and 
agricultural programs and investments, and technology adoption and 
implementation should be on the table. There is also no reason why 
adaptation actions and investments should not be included—if they 
are of interest to developing countries, then they should be on the 
table as a means of offsetting other ways of reducing climate-change 
risk. Economic development is widely recognized as an essential part 
of adaptation strategies, and the contribution of mitigation and adap-
tation actions to broader economic welfare should be part of this 
 negotiation as well.

The principles that need to be negotiated are:

What kinds of activities, investments, policies and programs are 1. 
eligible (projects, policies, infrastructure, adaptation, etc.)?
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What kinds of documentation or accountability are required before 2. 
resources are committed?
What kinds of documentation or accountability are required 3. 
during and after resources have been used?
What procedures and agreements are available 4. ex post to adjust 
credits granted ex ante (related to points 2 and 3, above)?
Are there minimum or maximum percentages of available resources 5. 
that should be set aside for specifi c uses (e.g., wind energy or HCFC 
phase-out projects)?
Are criteria needed for the distribution of total funds among 6. 
nations and among recipient groups? In other words, is there a 
share of total expenditures that should be reserved for the “best” 
projects and actions, and is there a share that should be divided 
among developing countries on a per capita basis or by some larger 
combination of criteria including stage of development and effort 
on climate-change mitigation?

We also propose an additional axiom that should apply as a matter 
of principle:

Be willing to take risks, make mistakes, and accept that some 7. 
actions will fail or only partially succeed.

Delegate clearly delineated tasks to existing international organizations and 
new institutions for the purpose of managing and safeguarding the offsets 
program, consistent with negotiated guidelines.

Institutional framework
We recognize that any agreement resulting from the kind of principles 
discussed above will not give clear and unequivocal guidance on a 
wide range of specifi c decisions. We propose adapting the CDM over-
sight institutions to create a new body whose job is to make specifi c 
decisions about how to (a) use resources and (b) evaluate resulting 
actions, investments, and policies.

The existing climate regime includes a broad and impressive frame-
work of intergovernmental and private institutions. Our proposal for 
an enhanced offsets mechanism can build effectively on these existing 
institutions, though with some modifi cations and novel structures. We 
recommend that the World Bank and the Climate Secretariat in Bonn 
play a central role, the former taking the lead on implementation and 
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the latter emphasizing information sharing and decision making in 
conjunction with governments. While the World Bank specializes in 
economic development, the Climate Secretariat’s main concern is with 
the environmental integrity of programs—that is, their contribution 
to reduced emissions. The two entities therefore complement each 
other well.

The World Bank has enormous experience with offsets activities 
and currently manages ten carbon funds, many of which empha-
size sustainable development. The Community Development Carbon 
Fund, in particular, is designed to allow the world’s poorest countries 
to benefi t from emissions markets. The Climate Secretariat’s main 
contribution would be in the areas of coordination and information 
sharing. Because we are recommending a much broader range of emis-
sions reduction activities in a wider set of countries, policy information 
will be of enormous importance in our scheme. The national reports 
submitted regularly to the Secretariat by governments contain infor-
mation on national circumstances and the status of emissions, with 
additional compliance information required of Annex I countries. We 
propose that these reports be expanded to contain more information 
on policy experiences and “best practices” to be shared among gov-
ernments. This information should be compiled and analyzed by the 
Secretariat in conjunction with input from NGOs and other sources 
of research and analysis, thereby creating a new sort of information 
clearinghouse that will facilitate learning and allow offsets activities to 
be fi ne-tuned in an adaptive process over time.

One difference between our proposal and the current structure is 
that existing carbon funds are all project-based and largely focus on the 
compliance interests of Annex B parties in the fi rst commitment period 
(Carr and Rosembuj 2007), whereas we propose funding a broader 
range of policy changes designed to produce longer-term benefi ts. This 
move away from ton-for-ton accounting, and the corresponding need 
to decide what new kinds of actions can count for offsets credits and 
how they will be evaluated, will have to be driven by negotiations and 
coordinated by some multilateral institution (or institutions).

To oversee this new structure and a new offsets program more gener-
ally, we propose the establishment of a ten-member oversight commit-
tee, composed of parties to the UNFCCC and ultimately responsible to 
the Conference of the Parties (COP). To make certain that a broad range 
of interests are represented, membership on such a committee should 
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be distributed along similar lines as the current ten-member CDM 
Executive Board, with one member from each of the UN’s regional 
groups, two other Annex I members, two other non-Annex I members, 
and one other member from among the least developed countries to 
ensure that sustainable development concerns are refl ected. Since three 
of the fi ve regional groupings are composed almost entirely of develop-
ing countries, they would normally enjoy a six-to-four majority on the 
board. A two-thirds majority voting rule would ensure that no group 
dominates decision-making, but would also avoid the gridlock that 
could result from a consensus requirement.

Finally, as our proposal is designed to refl ect the interests of both 
industrialized and developing countries, and to include a wider range 
of policies, the issue of “coherence” across international regimes is 
likely to arise. To make sure that environmental needs do not clash 
with the economic interests of both developed and developing coun-
tries, we propose the creation of an informal contact group of secre-
tariat offi cials, to be chaired by the UNFCCC Executive Secretary, 
across major relevant multilateral institutions, including the World 
Bank, International Monetary Fund (IMF), World Trade Organization 
(WTO), Organisation for Economic Co-operation and Development 
(OECD), United Nations Conference on Trade and Development 
(UNCTAD), United Nations Environment Programme (UNEP), and 
World Meteorological Organization (WMO). This informal contact 
group would raise issues concerning confl icting rules and incentives 
and would also share data on best practices. A useful model in this 
regard is the Global Environment Facility, whose complex mandate 
requires it to work closely with a variety of UN agencies and regional 
development banks (Porter et al. 2008: 12).

Ultimately, the institutions responsible for performing these func-
tions will have to decide (1) which actions or projects to fund based on 
the specifi c technology or sector involved, the amount of investment 
required, and the contribution to non-GHG objectives (economic 
development, income distribution, access to energy); and (2) how 
much credit to grant to a specifi c action or project (and how much 
money to spend on it).

Ex post accountability
One idea we propose for a new offsets regime is the ability to 
make adjustments ex post. Expanding offset activities beyond strict 
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 ton-for-ton accounting, and transferring resources in advance of real-
ized progress on reducing climate-change risks, increases the uncer-
tainty associated with quantifying benefi ts. This creates a problem for 
accountability in the way resources are used.

Giving the institution (or institutions) charged with overseeing an 
expanded offsets program, the responsibility to evaluate the effi cacy 
of expenditures after projects or policies are implemented can help to 
ameliorate this situation. We can see two separate kinds of ex post 
adjustments—those between the oversight institution and the recipi-
ents of resource transfers, and those involving voluntary retirement of 
allowances by the oversight institution.

As an example, take the case where a large resource transfer takes 
place to fund photovoltaic and wind generation in rural areas, and 
the technologies fail to be implemented and/or maintained, causing 
continued use of diesel generators. The oversight institution could 
have the authority to require remediation actions from the host-
country government (or business or NGO) that has responsibility for 
the project—including implementing corrective actions at the govern-
ment’s expense or undertaking some other set of GHG mitigation 
actions. If these remediating efforts fail to materialize, then the over-
sight institution could restrict access to resources in the future. The 
focus here should be on whether resources were used as intended and 
managed well, and not on whether the benefi ts were as large as pre-
dicted. There remains an unavoidable task of evaluation and judgment 
in making this determination, so performing these oversight functions 
will never be perfect or free of confl ict.

The oversight institution should also make ex post corrections 
based on how well its portfolio of activities meets specifi ed objectives. 
If funded projects or activities signifi cantly underperform expecta-
tions about mitigating GHG risk, then retiring some quantity of the 
credits allocated to provide resources for our proposed fund (i.e., not 
selling them into industrialized-country emissions trading programs) 
could compensate for the gap between expected and realized benefi ts. 
Similarly, reducing the quantity of offset credits sold into industri-
alized-country emissions markets would have the effect of reducing 
industrialized-country emissions to compensate for (some part of) the 
failure of developing-country actions. The operational details of such 
an ex post adjustment would depend on what participants negotiate 
about the nature and role of accountability in a new offsets regime.
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This proposal for an ex post correction mechanism also has its 
problematic aspects: it goes against the fi nancial interests of the over-
sight institution to deny itself resources and it depends on complex 
and uncertain evaluations. A separate institution may be required to 
judge the effi cacy of the portfolio of activities sponsored through the 
fund. Nevertheless, our proposal does have the virtue of creating a 
mechanism that allows for ex post evaluations to affect the future use 
of resources, however imperfectly.

International agreement or coordination mechanism
The mechanism we have proposed could function under a single 
unifi ed international carbon cap like that envisioned by the Kyoto 
Protocol. It is currently far from clear whether a unifi ed cap approach 
will be agreed upon in Copenhagen, or whether a more bottom-up (or 
fractured) set of national-level policies for industrialized countries will 
characterize the post-2012 period. The elements of our proposal are of 
value in either scenario, and in the latter case could serve as a mecha-
nism for coordinating both rules and prices among diverse national 
and regional emissions trading programs (Jaffe and Stavins 2007). 
If there were to be separate EU and US cap-and-trade systems with 
independent targets, for example, collective negotiation and insti-
tutional innovation of the kind proposed here could serve to arrive 
at a common, or at least coordinated, set of rules and standards for 
developing country offsets. Depending on the regulations and quantity 
limits applied to the use of international offsets for domestic compli-
ance purposes, this would tend to bring allowance prices in industrial-
ized countries closer together.

Conclusion

We begin with the premise that serious participation by large devel-
oping countries is a sine qua non for any successful climate regime in 
the post-Kyoto world. Our proposal for improving the international 
framework for addressing climate-change risks is partly an evolution 
of current elements. It builds on and expands the idea of the CDM 
and offset policy in general. It recognizes that developing countries 
will do signifi cantly more if resources are available, and that industri-
alized countries require accountability for the resources they provide. 
It further recognizes that offset policy has attractive attributes for 
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 industrialized countries from a political economy standpoint and 
that these attributes are likely to make offsets more viable than other 
mechanisms for sustaining resource transfers to developing countries.

Overall, we take into account the distinct interests of both indus-
trialized and developing countries by emphasizing environmental 
and development needs simultaneously. By steering away from strict 
ton-for-ton accounting and project-based approaches to offsets, our 
proposal provides the fl exibility necessary to accommodate variable 
interests, capabilities, and compliance costs. Such fl exibility and incen-
tive compatibility has been crucial in the past for making progress in 
climate negotiations and will only grow more important if serious 
engagement by developing countries is to be achieved (Victor 2007; 
Thompson in press).

It is certainly not necessary that all elements of this proposal be 
adopted together in order to improve on the current situation. The 
idea of accepting more uncertainty and experimentation in exchange 
for a wider and more creative portfolio of actions can be achieved 
in many ways. Expanding funding for offsets from target-based 
emission-trading programs in industrialized countries is only one of a 
number of possible mechanisms—albeit one that has some signifi cant 
advantages. There are many possible institutional structures for han-
dling these proposed resource transfers. We believe the one proposed 
here combines functionality and realism to offer a promising way 
forward through the daunting technical and political diffi culties that 
confront efforts to expand resource transfers to developing countries, 
efforts that are essential to reduce global climate-change risks.
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15 Possible development of a 
technology clean development 
mechanism in a post-2012 regime
Fei Teng, Wenying Chen and 
Jiankun He

Introduction

Technology is central to the transition to a low-carbon society and 
to global efforts to cope with climate change. Many technologies 
that could mitigate greenhouse gas (GHG) emissions exist, but most 
have not been widely deployed in developing countries. In many of 
these countries, economic development is producing unsustainable 
growth in energy demand. Therefore, the transfer of climate-friendly 
technologies and additional investment fl ows from developed to 
developing countries is vital to solve the global climate problem. The 
importance of technology transfer has been recognized since the Earth 
Summit in Rio de Janeiro—indeed it is emphasized in both the United 
Nations Framework Convention on Climate Change (UNFCCC) and 
the Kyoto Protocol. Yet investment in technology transfer activities 
remains weak considering the gravity of the issue. After the 2007 
Conference of the Parties in Bali, this issue has become increasingly 
important in the context of negotiations on a future climate regime, 
even as signifi cant disagreements persist between developing and 
developed countries.

Article 12 of the Kyoto Protocol established the Clean Development 
Mechanism (CDM) to serve a two-fold objective: fi rst, to help Annex I 
countries meet their emission targets in a cost-effective way and 
second, to support non-Annex I countries in achieving the goal of sus-
tainable development. Though technology transfer is not required for 
projects that receive CDM credit, experience shows that this program 
may contribute signifi cantly to technology transfer. However, it is 
diffi cult to induce large-scale technology transfer through the CDM 
in its present form. The project-specifi c nature of the CDM leads to 
high transaction costs and makes it diffi cult to create economies of 
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scale and pool risks across projects of the same type. This chapter 
aims to address these shortcomings through proposing an enhanced 
CDM regime that places greater emphasis on technology transfer from 
developed countries to developing countries.

The remainder of this chapter is organized as follows: Section 2 
surveys possible ways to enhance the CDM by drawing on the recent 
literature and ongoing climate talks, with a focus on the relation-
ship between technology transfer and the CDM; Section 3 presents a 
case study involving the transfer of natural gas turbine technology to 
China and suggests a new CDM regime based on technology transfer; 
Section 4 analyzes operational issues and options for the international 
governance of CDM-based technology transfer; and Section 5 con-
cludes the chapter.

Possible development of the CDM

The CDM is the only market mechanism in the Kyoto Protocol that is 
open to the participation of developing countries. Since the Marrakech 
Accords of 2001, this program has proved surprisingly effective in 
promoting sustainable development in developing countries and gen-
erating a large volume of credits. As of September 2008, 3,909 CDM 
projects were in the pipeline with 1,152 projects already registered 
and 200 projects in the stage of requesting registration. If all projects 
in the pipeline are registered and certifi ed emission reduction credits 
(CERs) are issued as expected, then total CDM-issued CERs would 
amount to 528.6 million tons of carbon dioxide equivalent per year 
(UNEP Riso, 2008). This is more than Australia’s national emissions 
in 20051 and it equals 2.8 percent of aggregated 2005 emissions from 
all Annex I countries. In the most optimistic scenario, these CERs will 
generate income of $5 billion (assuming a CO2 permit price of $10 
per ton) for project developers in non-Annex I countries. According to 
the International Energy Agency (IEA), the investment in clean energy 
technologies and energy effi ciency needed to achieve a 50 percent 
reduction in global GHG emissions by 2050 is dramatically higher 
than the current level of investment (IEA, 2008). At its current scale, 

1 In 2005, Australia’s national inventory of GHG emissions, excluding emissions 
from land use, land-use changes, and forestry, totaled 525.41 million tons in 
carbon dioxide-equivalent terms.
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the CDM market can only meet 0.5–0.75 percent of annual invest-
ment needs in non-OECD countries.

Baseline determination and additionality are two important con-
cepts in the CDM program, as it is currently structured. The emissions 
baseline for a CDM project is defi ned as the emissions that would 
have occurred in the absence of the proposed project. The difference 
between baseline emissions and actual emissions following project 
implementation is the estimated emission reduction. A CDM project 
is “additional” only if GHG emissions are reduced below the baseline 
level—that is, if emissions are reduced below what they would have 
been if the project had not been implemented.

The existing CDM is project-based, which means that baselines 
and additionality are determined on a project basis. This results in 
substantial transaction costs and time delays. The complete cycle for 
receiving CDM credits, from the preparation of a detailed project 
design document (PDD) to project registration, takes almost one year 
and costs about $500,000 per project (Ellis and Kamel 2007). Thus, 
the CDM needs to move from a project-based approach to a more 
“wholesale” approach to achieve the scales needed to meaningfully 
effect technology transfer from rich to poor countries (Stern 2008). 
Several proposals have been put forward for enhancing the current 
CDM; they include programmatic CDM, policy CDM, and sectoral 
CDM.

Programmatic CDM

Typically the CDM registers individual projects that belong to a single 
owner. If an owner has several similar CDM projects, they can be 
“bundled” to simplify the application process and reduce transaction 
costs. However, some emission reduction activities involve many dif-
ferent owners and geographic locations. At present, such mitigation 
activities are diffi cult to undertake as CDM projects: the emission 
reduction potential of each unit is relatively low and the overall 
  transaction cost is very high. The programmatic CDM or pCDM 
offers a framework to realize the enormous emission-reduction oppor-
tunities offered by numerous small-scale projects, distributed over 
space and time, and across a large number of owners.

At Montreal in 2005, Parties to the UNFCCC agreed that “a 
program of activities can be registered as a single clean development 
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mechanism project activity . . . provided that CDM methodological 
requirements are met.”2 To implement pCDM, a two-level frame-
work is needed. One level would be designed to recognize a program 
of activities (PoA), defi ned as “a voluntary coordinated action by a 
private or public entity which coordinates and implements any policy/
measure or stated goal, which leads to GHG emission reductions or 
increases net GHG removals by sinks that are additional to any that 
would occur in the absence of the PoA . . .”3 An individual project 
undertaken as part of a program of activities would be defi ned as a 
CDM program activity (CPA).

The pCDM has several important benefi ts. First, it would allow for 
the aggregation of emission reductions in some program areas, such 
as energy effi ciency, that could yield large benefi ts but that would oth-
erwise face high transaction costs if reductions had to be tracked on a 
project-by-project basis. Second, the pCDM can help to even out the 
distribution of CERs over small and least developed countries, thereby 
addressing a serious concern for those countries that have been largely 
absent as participants in the CDM. The smallest and least developed 
countries, which may lack opportunities for single projects with large-
scale reduction potential, can participate in, and benefi t from, CDM 
programs that span multiple nations and numerous facility or project 
owners.

Policy-based CDM

It is not surprising that climate change is not at the top of all coun-
tries’ priority lists. Developing countries confront a number of urgent 
challenges that vary from country to country, but that typically 
include priorities such as reducing poverty and providing general 
services, education, and energy security. Nevertheless, developing 
countries’ rapidly growing contribution to global GHG emissions 
means that they need to integrate climate policies and climate-change 
considerations in their national development strategies. At the twelfth 
Conference of the Parties (COP-12) in Nairobi in 2006, South Africa 
submitted a proposal to the UNFCCC negotiation process on sustain-

2 Decision 7/CMP1, see also http://unfccc.int/resource/docs/2005/cmp1/eng/
08a01.pdf#page=93.

3 EB32, Annex 38, paragraph 1, see also http://cdm.unfccc.int/EB/032/eb32_
repan38.pdf.
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able development policies and measures (SD-PAMs). This proposed 
approach4 was not built on specifi ed emission reductions (tons CO2), 
but rather on policies and measures. SD-PAMs can be regarded as 
voluntary “commitments” by developing countries. If they result in 
emission reductions that can be shown to be additional and can be 
measured and fi nanced by developed countries, these SD-PAMS can 
constitute a policy-CDM.

A policy-CDM could be used to recognize sectoral and national 
targets, effi ciency standards, and regulation. As distinct from the 
regular CDM, CERs generated under a policy-CDM would fl ow to 
governments rather than to project owners. For example, the gov-
ernment of China may adopt a mandatory regulation for the fuel 
effi ciency of vehicles. If such a regulation can be shown to result in 
additional emission reductions, in the sense that the regulation would 
not have been adopted without the fi nancial incentives supplied by 
the carbon market, and if baseline emissions can be well established, 
then the Chinese government can sell these CERs into the interna-
tional carbon market and receive compensation for the additional cost 
imposed by its regulatory action.

Both SD-PAMs and the policy-CDM can be regarded as “the 
middle road” between voluntary-qualifi ed commitments for devel-
oping countries (as Russia has proposed)5 and Kyoto Protocol-style 
binding commitments. Neither the former nor the latter are accept-
able to many developing countries because, they argue, both violate 
the principle of “common but differentiated responsibility.” The 
policy-CDM may provide an option for moving forward, not only 
because the CDM is well-accepted by many developing-country 
Parties to the UNFCCC, but also because it may expand the mitiga-
tion activities available to developing countries and result in a larger 
market for CERs.

4 Submission by the Government of South Africa to the second workshop of 
the “Dialogue on long-term cooperative action to address climate change by 
enhancing implementation of the Convention,” held in Nairobi, November 
15–16, 2006. See also http://unfccc.int/fi les/meetings/dialogue/application/pdf/
working_paper_18_south_africa.pdf.

5 In the Russia Proposal, a developing country may commit to an absolute or 
relative GHG reduction target. These voluntary commitments are a no-lose 
proposition—that is, if a party has not achieved its target, it does not enter the 
non-compliance regime or pay penalties. If a party does achieve its target, it can 
gain carbon credits and sell them in international carbon markets for a profi t.
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It is still not clear what kinds of policies and measures should be 
regarded as additional and thus be eligible for processing through 
a crediting mechanism. The diffi culties mainly stem from apply-
ing the additionality test in the context of SD-PAMs. First, a wide 
range of energy-effi ciency policies that have ancillary GHG-reducing 
benefi ts have already been put into place in developing countries. 
Presumably, these policies and measures will continue in the future. 
Second, applying the additionality test to many government policies 
is almost impossible (Baumert and Winkler, 2005), as climate change 
is often not the primary target of these policies. In some cases, they 
have macroeconomic benefi ts that are diffi cult to accurately measure, 
such as the benefi t of reduced demand for oil imports as a result of 
vehicle fuel-effi ciency regulations. Third, large fi nancial transfers to a 
developing country government may arouse political concerns in some 
developed countries. Fourth, CERs that are awarded to governments 
may be transferred to private companies that bear the cost of the policy 
or measure being credited. The effi ciency of the system will depend 
on the way the government delivers price signals to fi rms throughout 
the economy with this redistribution. For example, a government 
may choose to subsidize private companies for costs incurred under 
the policy, but the effi ciency of this approach will depend on how the 
subsidy policy is designed.

Sectoral CDM

There are at least two defi nitions for “sectoral CDM.” The fi rst 
version involves applying sectoral baselines or benchmarks to indi-
vidual projects. Once a sectoral benchmark or baseline is defi ned, any 
facility or company in that sector with emissions below the baseline 
can earn CERs subject to the usual validation and verifi cation require-
ments. For example, if the baseline emissions rate for the power sector 
is 0.8 tons of CO2 per megawatt-hour (MWh), then any generating 
unit with CO2 intensity less than 0.8 tons/MWh can receive CERs 
equal to the difference between its actual emissions and the sectoral 
baseline.

The second version of sectoral CDM is similar to the sectoral policy 
CDM. A sectoral baseline is developed at the national level and the 
 government implements policies and measures to reduce average sec-
toral emissions below that baseline. The government can then receive 
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CERs for any difference between actual sectoral emissions going 
forward and the pre-determined baseline. For example, if, as above, 
the baseline CO2 emissions rate for the electric power sector is 0.8 tons/
MWh, the government can adopt policies and measures—such as a 
renewable portfolio standard (RPS) or feed-in tariff—to increase the 
share of renewable energy and reduce sectoral emissions. If, as a result 
of these policies, the actual emission rate declines to 0.7 tons/MWh, 
then the host country will earn 0.1 tons of CO2 credits for each MWh 
of electricity generated during the credit period. The CERs will fl ow to 
the government, but the government may decide to distribute them to 
private companies according to a cost-sharing formula (e.g., to refl ect 
the fact that some or most of the cost of implementing the RPS may be 
borne by electricity distribution companies). Whatever form a sectoral 
CDM takes, it may be possible to abolish the additionality standard in 
this context.

Many authors regard the move from current project-based CDM to 
sectoral CDM as a way to facilitate the scaling-up of the carbon credit 
market (e.g., Stern 2008). However, sectoral CDM also shares the 
drawbacks associated with the policy CDM discussed before.

Technology transfer and CDM

In the Kyoto Protocol, CDM aims to help Annex I countries comply 
with their commitments while also contributing to sustainable devel-
opment in Non-Annex I countries. It does not have to fulfi ll the 
technology transfer objectives of the Protocol. In practice, CDM may 
facilitate technology transfer by providing a funding mechanism for 
projects in developing countries that use technologies imported from 
developed countries.

A UNFCCC survey of 2,293 projects in the CDM pipeline as of 
September 2007 (Seres 2007) shows that technology transfer is more 
common in the larger projects. These include a number of projects 
that rely heavily on imported technology, mainly in the form of equip-
ment, coupled in some cases with the import of related knowledge or 
expertise.

Does CDM induce new technology transfer or does it simply extend 
the scope of existing technology transfer activities? Although both 
potential outcomes are interesting, the fi rst one is more attractive. If 
CDM can induce the adoption of new technologies, then it will lead 
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to dynamic improvement in the technology standards of host develop-
ing countries. If not, then CDM activities are likely to focus on just 
“picking low-hanging fruit.”

Technology transfer under the existing CDM regime is more or less 
passive. In most cases, technology transfer has already occurred before 
the CDM project is implemented, such that the project only serves 
to extend the scale of technology transfer, not to induce new trans-
fers. For example the transfer of wind power technology to China 
began in 1986 and was further expanded in 1996 under the Chinese 
government’s “Ride the Wind Program.” The leading Chinese wind 
turbine manufacturer, Goldwind, has a 31 percent share in the domes-
tic market and a 2.8 percent share in the global market. Goldwind 
started production by buying a license for a 750 kW turbine from 
Repower, a small German wind turbine manufacturer, and a 1.2 MW 
turbine from Vensys (Lewis 2007). The local content of wind turbines 
installed in China has since increased from 33 percent in 1998 to 
almost 100 percent today, and unit costs have declined dramatically—
from more than 10,000 yuan/kW in 1996 to 4,000 yuan/kW in 2006 
for a 750kW unit (Figure 15.1). The cost reduction is mainly due to 
the lower cost of labor and domestic-made components in China. It is 
still not clear if the CDM induced new technology transfer to China in 
the case of wind turbines. But it does contribute to the expansion of 
wind power in China by making wind power projects fi nancially more 
attractive to investors. Almost 90 percent of the non-Concession6 
wind parks that have been built in China have been registered, or are 
in the process of being registered, for CDM credits (GWEC 2008b).

It is interesting to note that there is also some technology transfer 
involved in all nitrous oxide (N2O) and hydrofl uorocarbon (HFC) 
mitigation projects in China. Although such projects have been criti-
cized as making “no contribution to sustainable development,” the 
CDM mechanism has actually induced technology transfer through 
these projects. HFC23, for example, is an inevitable by-product of 
manufacturing HCFC 22; it has a global warming potential (GWP) 
of 11,700. HFC23 can be destroyed through a thermal oxidation 
process. VICHEM, a French company, is the major technology pro-

6 Concession is a bidding process for a new wind park in which the bidder who 
quotes the lowest price will win the right to construct and operate the wind 
project.
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vider for most HFC23 destruction projects in China. There is no 
compulsory regulation of HFC23 emissions in China and, absent the 
CDM, there are no other fi nancial incentives for companies to set 
up HFC23 decomposition facilities. In the process of implementing 
a CDM project, one Chinese company even improved the original 
VICHEM design, which enabled the company to substantially reduce 
the use of alkali. “Credit sharing” between project owners and the 
host country government can further leverage technology transfer 
activities. For example, the Chinese government collects a 65 percent 
and 35 percent levy on CDM revenues generated by HFC23 and 
N2O projects, respectively. Revenues collected from these levies have 
been put into a CDM fund to fi nance renewable energy and energy 
effi ciency projects, support energy research and development, and 
increase public awareness of climate change.

The case of wind power in China shows that the CDM mechanism 
can contribute to technology transfer in two ways: (1) by inducing 
replicable technology transfer and (2) by accelerating the process of 
learning by doing and shortening the time to reduce cost. The objec-
tive of a technology-oriented CDM should not be to motivate com-
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panies or governments to go after low-hanging fruit (i.e., low-cost 
mitigation options), but to spur new and replicable technology trans-
fer from developed to developing countries. Neither the current CDM 
regime nor the enhanced CDM regimes that have been proposed, like 
programmatic CDM, policy CDM, or sectoral CDM, are suffi cient to 
induce new and replicable technology transfer. Thus, incentives for 
technology transfer remain an open issue in the ongoing debate about 
potential CDM reforms.

Technology-oriented CDM

Success in reducing GHG emissions is highly dependent on the timing 
and scale of introduction of new technologies. New, climate-friendly 
technologies are often more expensive than existing technologies 
(Figure 15.2). Without innovative mechanisms to spur technology 
transfer, developing countries may be “locked in” to a huge amount 
of carbon-intensive energy infrastructure. To avoid this “lock-in” 
effect, early investment and accelerated application of low-carbon 
technology in developing country contexts is extremely important for 
the success of a future climate regime. Such a regime should provide 
suffi cient and timely incentives for developing countries to invest in 
the most important low-carbon technologies as soon as possible. 
These incentives may include international efforts to lower initial 
investment costs, increase returns available through international 
carbon markets to compensate for higher costs, and support domes-
tic policies to encourage low-carbon technology (Figure 15.2). Past 
experience with technology transfer in the case of gas turbines shows 

Domestic policy

Revenue from Carbon market 
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Unit cost

Incumbent technology

Breakeven point

Learning curve of 
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Figure 15.2 The importance of technology transfer for early action in 
developing countries
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how the combination of these three factors can encourage low-carbon 
investment in developing countries and help avoid the carbon “lock-
in” effect.

The case of natural gas combined-cycle (NGCC) technology 
transfer to China

The transfer of gas turbine technology to China has relied on a model 
of “binding bids.” This means that the Chinese government organ-
izes investors interested in building a gas-fi red plant and bundles 
their equipment needs before allowing vendors to bid to supply 
those needs. The tendering enterprise should include a Chinese 
partner and a foreign partner. In addition, the foreign partner prom-
ises to transfer gas turbine technology to its Chinese partner and 
achieve a specifi ed goal for local content. All major domestic and 
international power-plant equipment producers submitted binding 
bids for gas turbine technologies to the Chinese government, includ-
ing Dongfang Electric in partnership with Mitsubishi, Shanghai 
Electric in partnership with Siemens, and Haerbin Power Equipment 
in partnership with GE.

Initially, Dongfang Electric contacted Alstom, GE, and Mitsubishi; 
it fi nally signed a licensing agreement with Mitubishi in April 2002 
to produce and install gas turbines in China. The agreement pro-
vides for Mitsubishi to receive a royalty for each machine produced 
and includes a local content goal of 67 percent. The remaining 
33 percent of content that does not have to be domestically pro-
duced includes core turbine components, such as the combustion 
chamber and turbine blades. In addition, the technology to produce 
 high-temperature components is not transferred to the Chinese 
partner but to a joint venture company controlled by Mitsubishi 
(with a 51 percent stake). The major technology content transferred 
to the Chinese partner under this arrangement includes manufactur-
ing drawings, purchase and test specifi cations, specifi c technology 
standards, manufacturing reference processes, and corresponding 
training and capacity building.

The fi rst gas turbine produced by the Dongfang Electric was installed 
in Beijing with a local content of 0.2 percent. Local content increased 
to 46.5 percent and 58.5 percent in turbines subsequently produced 
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by Dongfang Electric for three liquefi ed natural gas (LNG) projects 
in Guangdong. The company expects to achieve the 67 percent local 
content target by the end of the project.

In total, the Chinese government has conducted three binding bids 
for an aggregate capacity of 2.05 GW, which includes fi fty-one F-type 
turbines7 and four E-type8 turbines. The unit cost of gas turbines in 
the third bundle has decreased by about 20 percent compared to the 
fi rst bundle, mainly due to an increase in the availability of domestic 
components.

Although technology transfer has greatly reduced the cost of gas 
turbines, this lower-carbon technology still cannot compete with 
coal-fi red power in China. The higher initial investment required 
for gas turbines and the higher relative price of natural gas in China 
makes gas-fi red power plants unprofi table. Following the introduc-
tion of market reforms to the Chinese electricity sector, the National 
Development and Reform Commission (NDRC) forces most gen-
erators to compete with coal-fi red power plants in the spot electricity 
market. The specifi c situation in the gas market also makes gas-fi red 
power projects more risky: most operators of gas-fi red power plants 
hold a take-or-pay contract for natural gas but they do not have any 
guarantees in the electricity market.

Additional income from the CDM has become a major solution for 
these investors to increase their profi ts to an acceptable level. It has 
been estimated that more than 20 million tons of CO2 emissions per 
year9 (approximately 1 ton of CO2 per kW per year) could be avoided 
if all the gas-fi red power plants planned for China are built. Almost 
all the projects included under the government’s “binding bid” have 
applied for CDM credits. Four of them have registered successfully 
while others are still in the pipeline. Unlike the coordinated “binding 
bid” process for obtaining gas turbine technology, the CDM applica-
tion process is more fragmented as it is conducted separately by each 
plant owner.

7 F-type turbine has a capacity of around 250MW.
8 E-type turbine has a capacity of around 100MW.
9 This fi gure assumes 3500 hours of operation annually and 0.388 tCO2/MWh 

for electricity from a gas-fi red plant and 0.675 tCO2/MWh for the baseline 
emission factor (the lowest grid build margin in China). Given a carbon price 
of $10/tCO2, the extra income from CERs would be equivalent to a subsidy of 
about 2 cents/kWh.
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The idea of a technology CDM

The Chinese gas-turbine case provides some important lessons about 
technology transfer. First, the whole process is technology-oriented 
and has as a clear goal the transfer of technology to local fi rms to 
increase the local content in gas turbines. Second, the process involves 
a public-private partnership, with the government as auctioneer 
and private fi rms as bidders. Third, it addresses the competitiveness 
concerns of developed-country fi rms in that the core technology is 
still controlled by the technology provider through a joint venture 
company. Fourth, scale economies have been achieved by bundling 
similar projects. Finally, this approach accelerates the learning curve 
of domestic producers. If mitigation benefi ts, such as CDM credits, are 
considered at the very beginning of projects like this, then technology 
transfer can be advanced, producing greater emission-reduction ben-
efi ts while helping to avoid the lock-in effect.

A successful technology transfer program should do a number of 
things:

Defi ne technology transfer priorities;1. 
Establish a partnership between public and private stakeholders;2. 
Address the concerns of both technology providers and recipients;3. 
Bundle similar projects to achieve economies of scale; and4. 
Bundle similar projects in applying for credit for carbon reductions 5. 
to reduce transaction costs and further offset project costs.

A technology CDM should include all the fi ve elements listed above; in 
addition, it should not only focus on the fi nal stage of CER acquisition 
but on the whole technology transfer process.

The basic idea of programmatic CDM (pCDM) is that a program is 
a “project,” while the idea of policy CDM and sectoral CDM is that 
a policy or a sector is a “project.” The idea of a technology CDM 
can also be explained by viewing technology transfer as a “project.” 
Bundling together projects that use similar technologies has two 
advantages: fi rst, it produces economies of scale; second, experience 
shows that replicable technology transfer is likelier to occur with 
larger CDM projects and that bundling projects together has the effect 
of increasing project size.

The technology CDM also shares some of the key characteristics 
of pCDM. First, it can lead to a reduction in anthropogenic GHG 
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emissions compared to the baseline emissions that would occur in 
the absence of the program. Second, all the projects in a “program” 
that adopt one type of technology (e.g., NGCC) could use the same 
baseline and the same monitoring methodology.10 The whole “binding 
bid” could be regarded as a PoA, and each natural gas power plant 
under this “binding bid” could be regarded as a CPA. Once the PoA 
is registered successfully, a new natural gas power plant can be auto-
matically included in the approved PoA as soon as it begins operation. 
Such inclusion will greatly simplify the whole process and reduce 
transaction costs and registration risks.

Although similar to the pCDM, the technology CDM is also 
unique in some respects. The most important difference is that the 
pCDM is solely focused on acquiring CERs, while the technology 
CDM would focus on the whole technology transfer process, includ-
ing defi ning technology transfer priorities; helping stakeholders to 
form partnerships and collaborate; addressing the concerns of both 
technology providers and recipients; and facilitating the bundling of 
similar projects. These steps are considered not only in designing and 
implementing the “technology transfer program” but also in the fi nal 
stage of crediting.

First, goals for technology transfer should be clearly identifi ed based 
on an assessment of needs by the host country. The goal may call for 
a specifi ed quantity or scale of transferred technology (e.g., 2 GW of 
NGCC power plant capacity or 20,000 hybrid vehicles) or it could 
be expressed in terms of cost reduction (e.g., a 20 percent reduction 
in technology cost). These goals would be used to assess whether a 
new project or activity can be included. Second, technology provid-
ers would be listed as participants in the technology CDM, and only 
projects using the technology transferred under the program could 
apply for CERs. This provision will help in resolving intellectual 
property (IP) issues. For example, if NGCC technology is success-
fully transferred with the participation of Siemens and Mitsubishi 
but without the participation of GE, then a project using GE technol-
ogy can’t be included in the same technology CDM, though it could 
apply for a regular CDM. Also, a project using domestic technology 

10 Such as the AM0029 methodology that has been approved by the CDM 
Executive Board for calculating credits for low-carbon generation technologies, 
including NGCC.



Possible development of a technology CDM 483

couldn’t be included in the technology CDM. CERs awarded under 
the  technology CDM can be regarded as a form of guarantee for IP 
protection in developing countries, as the investor will prefer to be 
included in the technology CDM to reduce transaction costs and 
registration risk. Third, CERs from the technology CDM may also be 
shared by the government of the host country and by the technology 
provider if they provide enabling support for technology transfer (e.g., 
through policies such as feed-in tariffs) and discounted or free licens-
ing. The “credit sharing” arrangement can be decided through nego-
tiation. Table 15.1 summarizes the distinction between programmatic 
CDM (pCDM) and technology CDM (tCDM).

Advantages of tCDM

Best available technology
The tCDM can facilitate technology transfer and push it ahead of 
schedule. The assumed baseline for a tCDM program is not that 

Table 15.1 Comparison between pCDM and tCDM

 pCDM tCDM

Technology Without obligation for With a well-defi ned goal
 transfer  technology transfer  for technology transfer
Project Coordinating entities are Technology provider
 Participants  participants. No role for  should be included as
   technology provider if  participant

any 
Project boundary May cross countries Within a country
Termination No clear termination Once the predefi ned
condition  condition  goal for technology
   transfer is achieved or
   the technology is no
   longer eligible
Baseline Project specifi c baseline Multi-project baseline
Additionality Based on additionality A de facto list approach
  tools approved by EB
Credit sharing NA Can be shared by host
    countries and technology

providers
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 technology transfer would never happen, but that it would happen 
with a delay. The tCDM would encourage developed countries to 
transfer “best available” technologies to developing countries. The 
program can ensure that additionality is certifi ed only for the transfer 
of the best available technologies.

Measurable, reportable and verifi able
The Bali Action Plan calls for the consideration of “nationally 
appropriate mitigation actions by developing country Parties in the 
context of sustainable development, supported and enabled by tech-
nology, fi nancing and capacity-building, in a measurable, reportable 
and verifi able manner” (UNFCCC 2007). By promoting acceler-
ated technology development and transfer, the tCDM can fulfi ll 
the requirements of the Bali Action Plan in the following respects. 
First, the tCDM creates a direct linkage between technology transfer 
and fi nancing by developed countries and mitigation actions taken 
by developing countries. CERs from the tCDM can be shared by a 
technology provider or traded in the carbon market. These CERs 
can be regarded as a metric for measuring the technological and 
fi nancial support provided by developed countries; similarly, devel-
oped countries can translate their technology transfer commitments 
into concrete CERs using the tCDM mechanism. Second, the whole 
process will follow the regular CDM process, from the submission 
of a project design document to validation, verifi cation, and issuance 
of CERs.

Less risk for low-carbon investment
Under the regular CDM, few investors will want to pay real money 
for unregistered emission units, as the probability of successful regis-
tration is uncertain. Under a tCDM, by contrast, once a technology is 
determined to be eligible, all projects using the same technology will 
be automatically accepted. With less uncertainty about the future fl ow 
of CERs, project owners can sell their credit options to raise capital 
before the project is complete. Technology providers can also discount 
their prices or licensing fees in exchange for a share of the CERs that 
will be awarded under the tCDM for an established project activity. 
Reduced equipment costs will make the transferred technology more 
attractive.
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Other issues related to the tCDM

Some methodological issues related to the tCDM

Given the particular characteristics of tCDM activities, some meth-
odological issues will need to be considered in practice:

Baseline
Currently, the procedure for determining CDM credits is cumbersome: 
it requires precise calculation of baseline emissions and emissions with 
the project, irrespective of data availability, monitoring capacity, and 
incremental costs. For example, owners of a renewable electricity gen-
eration project using biomass as fuel need to include emissions associ-
ated with transporting the biomass from collection sites to the plant in 
calculating project emissions. Theoretically, the inclusion of such data 
is warranted, but collecting it has very high costs. For a 25 MW biomass 
generation plant, the project owner may need to document more than 
20,000 pieces of data, including the type of each truck used, distance 
covered, fuel used, and truck effi ciency to calculate overall feedstock 
transport emissions, even though these emissions may account for less 
than 1 percent of the total project impact on emissions. For this reason, 
the tCDM should switch from a project-specifi c baseline to a “multi-
project” baseline (Ellis and Bosi 2000) that is aggregated at the tech-
nology level and is equivalent to an “activity standard.” For example, 
in the case of an NGCC project, the tCDM baseline could be simply a 
base emissions rate, expressed in tCO2/MWh, that refl ects the baseline 
technology mix in the host country. Although there remain some out-
standing issues for calculating multi-project baselines, this approach 
will undoubtedly simplify the overall process.

Additionality
Additionality is the most controversial concept in the CDM. Most 
project participants complain that the additionality test is the most 
resource-intensive part of the project approval cycle, and that criteria 
for additionality are not transparent—and can even be inconsist-
ent. But without an additionality test, the environmental basis for 
awarding CERs will remain in question. The additionality test for 
tCDM could be simpler and more constructive. As in pCDM, a two-
tier approach could be used to prove the additionality of technology 
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 transfer programs and individual projects. In tCDM, the technology 
is the project. The managing entity must demonstrate that, absent the 
CDM, the proposed technology transfer activity would not be imple-
mented or would be implemented on a smaller scale. Additionality cri-
teria for technology transfer could be applied using a “list approach,” 
instead of the “principle approach.” The list approach would identify 
in advance which technologies are not available in the host country 
and therefore which technologies would qualify as de facto addi-
tional. Such a list might be based on a technology needs assessment 
(TNA). In the case of NGCC technology in China, additionality can 
be established by the fact that the transfer of this technology would 
not otherwise happen, at least in the near term, under current market 
conditions. Alternatively, NGCC could be identifi ed as additional 
simply by being on the “list.” At the project level, it will be easier to 
establish additionality by using the technology barrier analysis, one 
of the “additionality tools” approved by the CDM Executive Board 
(EB),11 if the technology to be used is not available before the imple-
mentation of the project.

Additionality can also be established based on “signaling.” The 
diffi culty of applying an additionality test stems from asymmetric 
information. The host country and the project owner have better 
information about their project than the Designated Operational 
Entities (DOEs) or CDM EB. The EB may question the additionality 
of proposed projects if EB members feel concerned about the informa-
tion they don’t have. The current system of dealing with this problem, 
which is to require that all the information be contained in the project 
design document, is costly, time-consuming, and controversial.

Many developing countries have special policies for preferred low-
carbon technologies. These policies may include feed-in tariffs, lower 
taxes or subsidies, and low-interest fi nancing. Such preferential poli-
cies should be regarded as evidence to prove additionality since they 
signal that the market alone will not support mitigation technologies 
in host countries. Also, host countries have no incentives to abuse 
these preferential policies.

11 The CDM-EB issued a standardized tool which can be used to illustrate the 
additionality of a proposed project.
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Participants
Both the project owner and the technology provider should be listed 
as participants for purposes of the tCDM. This can help safeguard the 
provider’s intellectual property in the host country by offering him 
a competitive edge. The technology provider can also play the role 
of sole participant and CER recipient. In that case, the provider may 
transfer the technology to the developing country for free but ask for 
all or part of the CERs from associated projects in return.

Crediting period
In the tCDM, a project may join the program even after the starting 
time of the program; in addition, the crediting period for projects may 
vary.

Governance issues related to the tCDM

Defi ning technology transfer
There are many defi nitions of technology transfer, and a host country 
should have the discretion to choose among them based on its own 
national interests, as long as its defi nition is stated clearly. Since the 
tCDM would not cover multi-national projects and programs, dif-
ferent defi nitions of technology transfer in different countries won’t 
cause confusion.

Defi ning the technology list
As already noted, additionality under the tCDM could be established 
using a de facto “technology list”—that is, all technologies on the list 
would be regarded as additional. Such technology lists can be submit-
ted by the host country for approval by the CDM Executive Board, 
or the technology list can be negotiated at future Conferences of the 
Parties. Some parties may not accept certain choices on the technology 
lists submitted by other parties. For example, the Brazilian delegation 
strongly opposes the inclusion of carbon capture and storage (CCS) 
technology in the CDM. If China submits a technology list with CCS, 
then Brazil may oppose the list. This second approach is more time-
consuming than relying on the Executive Board, as it may take years 
to negotiate a technology list. In any case, the list should be renewed 
periodically as new technologies appear and old technologies may not 
be considered “additional” any more.
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Approval of a “multi-project” baseline
Once a technology list has been defi ned, a baseline would need to be 
established for technologies in the list. A multi-project baseline based on 
existing methodologies would greatly simplify the process of baseline 
setting. For example, the Chinese government has developed and main-
tained a multi-project baseline for renewable generation projects using 
the ACM0002 method. Publishing these baseline emission factors could 
greatly facilitate CDM activities (see Figure 15.3). This example also 
illustrates how a simplifi ed process can contribute to further realizing a 
given technology’s emissions reduction potential (Teng, forthcoming).

Monitoring and verifi cation
Once the baseline is determined, the only thing that needs to be 
monitored is the project activity level. In most cases, monitoring and 
verifying project activity levels is relatively simple (e.g., metering the 
generation output of a natural gas power plant). If the technology is 
distributed and involves small appliances, like high-effi ciency electric 
motors, then sampling should be conducted accordingly.

Conclusion

This chapter explores several possible enhancements to the CDM 
in a post-2012 international climate policy regime. In particular, it 
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reviews several alternatives that have been suggested in the literature 
and in climate policy negotiations, including programmatic CDM 
(pCDM), policy CDM, and sectoral CDM. These alternatives focus 
on scaling up the CDM market, thereby increasing associated fi nan-
cial fl ows in international carbon markets. Technology transfer is 
not an explicit objective of the CDM, but it has been recognized as 
a possible benefi t of the CDM. Although developing and developed 
countries differ on how to deal with technology transfer, both groups 
agree that technology transfer should be enhanced in a post-2012 
regime.

Transferring low-carbon technologies from developed to develop-
ing countries should be a continuous process that is replicable. The 
concept of a tCDM offers the opportunity to strengthen technology 
transfer through the CDM in the near term without redesigning the 
whole system. A tCDM can spur the transfer of climate-friendly tech-
nology through a number of means. First, it can provide incentives 
for developed countries to transfer the best available technologies 
to developing countries and thereby avoid the possible “lock in” of 
carbon-intensive infrastructure. Second, the inclusion of technology 
providers as participants gives them a competitive advantage and thus 
helps to address concerns about IP protection. Third, aggregating 
projects on the basis of common technology can reduce project risk 
and transaction costs and thus can attract more low-carbon invest-
ments. Another signifi cant advantage of the tCDM over other alterna-
tives is the relative ease of proving additionality, as the transfer of best 
available technology is almost always impossible or highly unlikely in 
the absence of additional fi nance support.

The focus of this chapter is not to design a new and comprehensive 
solution for a post-2012 climate regime but to try to improve the 
existing regime. Based on experience from several rounds of climate 
negotiations, the authors believe that the negotiation of international 
climate agreements is an evolutionary and path-dependent process. 
A breakthrough idea is needed, but it should be arrived at through a 
series of gradual changes. As the old Chinese saying tells us: “Without 
accumulating small steps, one cannot get miles away.”
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16 Global environment and 
trade policy
Jeffrey Frankel 1

The global climate regime, as represented by the Kyoto Protocol, may be 
on a collision course with the global trade policy regime, as  represented 
by the WTO (World Trade Organization). Environmentalists fear 
that international trade will undercut efforts to reduce greenhouse 
gas (GHG) emissions as carbon-intensive production migrates to 
 non-participating countries—a phenomenon known as leakage. 
Meanwhile business people fear the adverse effects of disparate climate 
policies on their own competitiveness. These fears have now become 
prominent in the policy-making process. In early 2008, legislation to 
enact long-term targets for reduced GHG emissions included  provisions 
for possible barriers against imports from countries perceived as 
 non-participating—both in Washington, DC (where climate legisla-
tion has not yet passed) and in Brussels (where the EU Commission 
Directive has gone into effect). Such provisions could be interpreted as 
violating the rules of the WTO, which poses the nightmare scenario of 
a WTO panel rejecting a major country’s climate change legislation. In 
light of the hostile feelings that such a collision would unleash, it would 
be a disaster for supporters of the WTO and free trade as much as for 
supporters of the Kyoto Protocol and environmental protection.

The clash of trade and climate policy is just the latest and largest 
instance of fears among many environmentalists that the WTO is an 
obstacle to their goals in general. The issue transcends institutions. For 
its critics, the WTO is a symbol of globalization, and their concerns 
attach also to that larger phenomenon.

Fears of a collision need not be realized. Global  environmental 
goals and trade goals can be reconciled. Globalization and  multilateral 

1 The author acknowledges useful input from Joe Aldy, Scott Barrett, Thomas 
Brewer, Steve Charnovitz, Gary Sampson, Rob Stavins, and an anonymous 
reviewer. The author would further like to thank for support the Sustainability 
Science Program, funded by the Italian Ministry for Environment, Land and 
Sea, at the Center for International Development at Harvard University.
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 institutions can facilitate environmental protection rather than obstruct 
it, if they are harnessed in the right way. Perhaps most urgent is that 
negotiators working on a sequel to the Kyoto Protocol agree on guide-
lines to govern precisely how individual countries can and cannot use 
trade measures in pursuit of carbon mitigation.

The fi rst part of this chapter discusses the broader issue of whether 
environmental goals in general are threatened by free trade and the 
WTO. The second half of the chapter focuses exclusively on the 
 narrower question of how nations’ efforts to implement climate 
change policy will affect trade and whether they are likely to come 
into confl ict with the WTO.

The environmental Kuznets curve

Conceptually, we must begin with the effect of economic growth on 
the environment, before we can address the independent effect of open 
trade per se.

Economic growth has both harmful effects on environmental 
quality (via the scale of industry) and benefi cial effects (via shifts 
toward cleaner sectors and cleaner production techniques). What is 
the net outcome of these confl icting effects? A look at data across 
countries or across time allows some rough generalizations. For some 
important measures of environmental quality, an inverted U-shaped 
relationship appears: at relatively low levels of income per capita, eco-
nomic growth leads to greater environmental damage, until it levels 
off at an intermediate level of income, after which further growth 
leads to improvements in the environment. This empirical relation-
ship is known as the environmental Kuznets curve. The World Bank 
(1992) and Grossman and Krueger (1993, 1995) fi rst published this 
statistical fi nding for a cross section of countries.2 Grossman and 

2 Grossman and Krueger (1993, 1995) found the inverted U-shaped pattern for 
urban air pollution (SO2 and smoke) and several measures of water pollution; 
Selden and Song (1994) found it for SO2, suspended particulate matter (PM), 
oxides of nitrogen (NOx), and carbon monoxide; Shafi k (1994) for deforesta-
tion, suspended PM, and SO2; Hilton and Levinson (1998) for automotive lead 
emissions; Bimonte (2001) for land; and Bradford, Fender, Shore and Wagner 
(2005) for arsenic, chemical oxygen demand (COD), dissolved oxygen, lead, 
and SO2 (but not for PM and some other measures of pollution).
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Krueger (1995) estimated that sulfur dioxide (SO2) pollution peaked 
when a country’s income was about $5,000–$6,000 per capita (in 
1985 dollars). Most  developing countries have not yet reached this 
threshold.

For countries where a suffi ciently long time series of data is 
 available, there is also some evidence that the same inverted U-shaped 
relationship can hold across time. The air in major industrialized cities 
was far more polluted in the 1950s than it is today. A similar pattern 
has typically held with respect to water pollution and deforestation in 
rich countries.

The idea behind the environmental Kuznets curve is that, although 
growth is bad for air and water pollution during the initial stages 
of industrialization, prosperity later leads to reduced pollution as 
countries become rich enough to pay to clean up their environments. 
It would be inaccurate to portray the environmental Kuznets curve 
as demonstrating that if countries promote growth, the environment 
will eventually take care of itself. Only if pollution is largely confi ned 
within the home or within the fi rm does that Panglossian view apply.3 
Most conventional types of air pollution—such as SO2, oxides of 
nitrogen (NOx), and so forth—are external to the home or fi rm. For 
such externalities, higher income and a popular desire to clean up the 
environment are not enough. There must also be effective government 
regulation, which usually requires a democratic system to translate 
popular will into action (something that was missing in the Soviet 
Union, for example), as well as the rule of law and reasonably intel-
ligent mechanisms of regulation. The empirical evidence confi rms that 
the participation of well-functioning democratic governments is an 
important part of the process. These requirements apply to environ-
mental regulation at the national level. The requirements for dealing 
with cross-border externalities are greater still.

Another possible explanation for the Kuznets curve pattern is 
that it works naturally via the composition of output. In theory, 
the usual stages of economic development could produce the same 

3 Chaudhuri and Pfaff (2002) fi nd an inverted U-shaped relationship between 
income and the generation of indoor smoke, across households. In the poorest 
households, rising incomes mean more cooking and more indoor pollution. 
Still-higher incomes allow a switch to cleaner fuels. Government intervention is 
not required.
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pattern as societies transition from an agrarian economy to manu-
facturing, and then from manufacturing to services (Arrow et al. 
1995; Panayotou 1993). In contrast to the conventional view, this 
explanation  suggests that environmental improvement is less likely 
to require the  mechanism of effective government regulation. If the 
Kuznets curve in practice resulted solely from this composition effect, 
however, then high incomes should lead to a better environment even 
when externalities arise at the international level, such as emissions 
of GHGs. Importantly, no Kuznets curve has yet appeared for carbon 
dioxide (CO2), as we will see below (see, e.g., Holtz-Eakin and Selden 
1995). Even though carbon emissions per unit of gross domestic 
product (GDP) do tend to fall as countries become more prosperous, 
this is not enough to reduce overall carbon emissions.

A third possibility is that rich countries reduce their pollution only 
by importing manufactured goods from lower-income countries, which 
become pollution havens. In this case the environmental Kuznets curve 
would apply only to individual countries, not to the world in the aggre-
gate. Furthermore the pollution haven effect, to the extent it operates, is 
explicitly enabled by trade, the subject to which we now turn directly.

Effects of openness to trade

This chapter focuses on the implications of international trade for 
the global environment. Some effects come via economic growth, and 
some are independent of a country’s level of income. In both cases, 
the effects can be either benefi cial or detrimental. Probably the strong-
est effects of trade are in the fi rst category—that is, they are directly 
related to growth. Much like saving and investment, technological 
progress, and other sources of growth, trade tends to raise income. As 
we have seen, higher income in turn has environmental effects that are 
initially adverse even though, according to the environmental Kuznets 
curve, they eventually turn favorable in the case of some measures of 
environmental quality, such as SO2 emissions.

What about effects of trade that do not operate via economic 
growth? They can be classifi ed in three categories: average global 
effects that are adverse (the “race to the bottom” hypothesis), average 
global effects that are benefi cial (the “gains from trade” hypothesis), 
and effects that vary across countries depending on local “compara-
tive advantage” (the “pollution haven” hypothesis).



Global environment and trade policy  497

Race to the bottom

The “race to the bottom” hypothesis provides perhaps the strongest 
basis for concerns that international trade and investment specifi cally 
(rather than industrialization generally) will put downward pressure 
on countries’ environmental standards and thus damage the global 
environment. Leaders of industry, and leaders of labor unions whose 
members are employed in industry, are always concerned about 
 competition from abroad. When domestic regulation raises their costs, 
they fear that they will become less competitive with respect to fi rms 
in other countries. They warn of a loss of sales, employment, and 
 investment to foreign competitors.4 Thus domestic producers often 
sound the competitiveness alarm as a way of applying political pres-
sure on their governments to minimize the burden of regulation.

The “race to the bottom” concern is that, to the extent countries are 
open to international trade and investment, environmental standards 
will be lower than they would otherwise be. But how important is 
this dynamic in practice? Some economic research suggests that envi-
ronmental regulation is not one of the most important determinants 
of fi rms’ ability to compete internationally. When deciding where to 
locate, multinational fi rms seem to pay more attention to such issues 
as labor costs and market access than to the stringency of local envi-
ronmental regulation.5

Once again, it is important to distinguish, fi rst, the fear that 
 globalization will lead to a race to the bottom in regulatory standards 
from, second, fears that the environment will be damaged by the very 
process of industrialization and economic growth itself. Opening 
national economies to international trade and investment could play a 
role in both cases, but the two possible channels for adverse environ-
mental impacts are very different. In the race to the bottom hypothesis, 
the claim is that openness undermines environmental standards even for 
a given path of economic growth. This would be a damning  conclusion 

4 Levinson and Taylor (2001) fi nd that those US industries that have experienced 
the largest increase in environmental control costs have indeed also experienced 
the largest increases in net imports.

5 See Jaffe, Peterson, Portney, and Stavins (1995); Grossman and Krueger (1993); 
Low and Yeats (1992); and Tobey (1990). Other researchers, however, have 
found that environmental regulation has more of an effect on direct investment 
decisions; see, for example, Smarzynska and Wei (2001).
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from the standpoint of globalization, because it would imply that by 
limiting trade and investment in some way, we might be able to attain 
a better environment for any given level of GDP. In the second case, 
the implication would be that openness only affects the environment 
in the same way that investment, or education, or productivity growth, 
or any other source of growth affects the environment: by moving the 
economy along the environmental Kuznets curve. Trying to restrict 
trade and investment would be a less attractive strategy in this case, 
because it would amount to deliberate self-impoverishment.

Gains from trade

While the hypothesis that exposure to international competition might 
have an adverse effect on environmental regulation is familiar, less 
widely recognized and more surprising is the possibility that trade 
might have benefi cial effects, which we will call the gains from trade 
hypothesis. Trade allows countries to attain more of what they want, 
which includes environmental goods in addition to market-measured 
outputs.

How could openness to trade have a positive effect on environmen-
tal quality, once we set aside the possibility of accelerating progress 
down the benefi cial slope of the environmental Kuznets curve? 
A fi rst possibility concerns technological and managerial innova-
tion. Openness encourages ongoing innovation.6 This suggests that 
openness could encourage innovation benefi cial to environmental 
improvement as well as economic progress. A second possibility is an 
international ratcheting up of environmental standards.7 The largest 
political jurisdiction can set the pace for others. Within the United 
States, this is called the “California effect”—when the largest state sets 
high standards for auto pollution-control equipment, the end result 
may be similar standards in other states as well. The United States can 
play the same role globally.

6 Trade speeds the absorption of frontier technologies and management best 
practices. This explains why those countries that trade more than others are 
observed to experience higher sustained growth, rather than just a one-time 
increase in the level of real income, as predicted by classical trade theory.

7 See, for example, Vogel (1995) and Braithwaite and Drahos (2000). This ratch-
eting up may be more effective for product standards than for standards regard-
ing processes and production methods.
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Multinational corporations are often the vehicle for these effects. 
They tend to bring clean state-of-the-art production techniques from 
high-standard countries of origin, to host countries where these 
 techniques are not yet known. The claim is not that all multinational 
corporations apply the highest environmental standards when operat-
ing in other countries. Rather the claim is that their standards tend 
on average to be higher than if the host country were undertaking the 
same activity on its own (Esty and Gentry 1997, pp. 157, 161, 163; 
and Schmidheiny 1992).

Corporate codes of conduct offer a new way that residents of 
some countries can pursue environmental goals in other countries 
(Ruggie 2002). Formal international cooperation among governments 
is another way that globalization/interdependence can lead to higher 
environmental standards rather than lower ones (Neumayer 2002).

Evaluating the overall effects of trade on the environment

If a set of countries opens up to trade, is this development on average 
likely to have a positive or negative effect on the environment (for a 
given level of income)? In other words, which kind of effects tend, in 
practice, to dominate: the unfavorable “race to the bottom” effects 
or the favorable “gains from trade” effects? Econometrics can help 
answer the question.

Statistically, some measures of environmental quality are positively 
correlated with the level of trade. For example, countries more open 
to international trade, on average, experience lower levels of SO2 
 pollution. But the causality is complex, running in many directions 
simultaneously. One would not want to claim that trade leads to a 
cleaner environment if, in reality, trade and environmental quality 
were both responding to some other, third factor, such as economic 
growth or democracy.

A number of studies have sought to isolate the independent effect of 
openness.8 None of these studies makes allowances for the  possibility 

8 Lucas et al. (1992) study the toxic intensity implied by the composition of 
manufacturing output and fi nd that trade-distorting policies increase pollution 
in rapidly growing countries. Dean (2002) fi nds, on net, a benefi cial effect of 
liberalization for a given level of income. Antweiler, Copeland, and Taylor 
(2001) and Copeland and Taylor (2001, 2003a) also conclude that the net effect 
of trade liberalization on SO2 concentrations is benefi cial.
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that trade may be the result of other factors rather than the cause. 
Antweiler et al. (2001) point out this potential weakness. Frankel and 
Rose (2005) attempt to disentangle the various causal relationships by 
focusing on exogenous variation in trade across countries where this 
variation is attributable to factors such as geographical location. They 
fi nd trade effects on several measures of air pollution (particularly SO2 
and NOx concentrations), for a given level of income, that are more 
good than bad. This suggests that the “gains from trade” effect may be 
at least as powerful as the “race to the bottom” effect.9 The fi ndings 
are different for emissions of CO2, however, which appear, if anything, 
to be exacerbated by trade.

It is not hard to explain why carbon emissions might rise continu-
ously with trade and growth, even while local measures of pollution 
improve. National governments, given the will and the money, can 
address local pollution because even though it is external to the 
household or fi rm, it is internal to the country. A cross-border envi-
ronmental problem like global climate change, however, cannot be 
addressed by individual countries acting on their own, due to the free 
rider problem. Multilateral cooperation is required.

Cross-border institutions for cross-border problems

Even someone who does not care about trade at all should appreciate 
the role of international agreements and institutions given the increas-
ing importance of major sources of environmental damage that cross 
national borders, and given the fact that these cross-border impacts 
would exist even if there were no such thing as international trade. 
Some externalities have long spilled over from individual countries 
to their neighbors; examples include SO2 pollution, which is respon-
sible for acid rain, or water pollution, which fl ows downriver. Many 
cross-border environmental problems can be addressed by negotia-
tions between the two countries involved (e.g., the United States and 
Canada). An increasing number of environmental externalities are 
truly global, however. The best examples are GHGs. A ton of CO2 

9 The question of whether openness has a negative effect on countries’ regula-
tory standards overall (the race to the bottom) is distinct from the question of 
whether openness results in some countries becoming cleaner and others dirtier 
(the pollution haven hypothesis). For a review of evidence on the latter, see the 
pollution havens section of Frankel (2009).
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creates the same global warming potential in the atmosphere regard-
less of where in the world it is emitted. Other good examples of direct 
global externalities are stratospheric ozone depletion, depletion of 
ocean fi sh stocks, and threats to biodiversity.

Processes and production methods

Even localized environmental damage, such as deforestation, is 
increasingly seen as a valid object of international concern. In a trade 
context, a distinction is traditionally made between trade measures 
that target specifi c undesirable products, such as tobacco, and those 
that target processes and production methods (PPMs), such as the use 
of prison labor in the manufacture of the commodity in question. It is 
clear that a country concerned about its own health or environment 
has the right to tax or ban products that it regards as harmful, such 
as asbestos, so long as it does not discriminate against foreign pro-
ducers. Such bans are less liable to become a vehicle for surreptitious 
protectionism than are attempts to pass judgment on other countries’ 
production methods that are unrelated to the physical attributes of 
the product itself. But is it legitimate for importing countries also to 
discriminate according to how a given product was produced? Some 
ask: what business is it of others whether the producing country wants 
to use its own prison labor, or cut down its own forests, or pollute its 
own environment?10

Often an international externality can be easily identifi ed. Forests 
act as carbon sinks because they absorb CO2 (through a process 
called sequestration)—as a result, logging contributes to global 
climate change. An endangered species may contain a unique genetic 
element that someday could be useful to international scientists. 
Desertifi cation can lead to social instability and political confl ict, 
which can in turn produce problems for international security. Thus 
environmental damage in one country can have indirect effects on 
others.

10 See Charnovitz (2003a) on the history, law, and analysis of PPMs. He argues 
that the public failure to understand environment-friendly developments in the 
late 1990s within GATT/WTO jurisprudence regarding PPMs is now an obsta-
cle to further progress (e.g., in the WTO Committee on Trade and Environment; 
p. 64, 103-04).
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WTO panel cases

Environmentalists are keen to interject themselves into the WTO. 
Those who live in the world of international trade negotiations tell 
those who live in the world of environmental advocacy that their 
concerns may be valid, but that they should address them outside the 
WTO, in their own, separate negotiations, and under the auspices of 
their own multilateral agencies.11

In the post-war period, the vehicle for multilateral negotiations 
that succeeded in bringing down trade barriers in many countries 
was the General Agreement on Tariffs and Trade (GATT). The GATT 
organization in 1995 was replaced with a real agency, the World 
Trade Organization (WTO). One reason why the change was impor-
tant is that the new institution featured a dispute settlement mecha-
nism, whose fi ndings were to be binding on the member countries. 
Previously, a party that did not like the ruling of a GATT panel could 
reject it.

Why do so many environmentalists apparently feel that the still-
young WTO is a hostile power? The allegation that the GATT and 
WTO are hostile to environmental measures could conceivably arise 
from the core provisions of the GATT, which prohibit a member 
country from discriminating against the exports of another country in 
favor of “like products” made either by a third country (that is, the 
Most Favored Nation provision of Article I) or by domestic producers 
(the national treatment provision of Article III). But Article XX allows 
for exceptions to the non-discrimination principle for environmental 
reasons (among others), provided that the measures in question do not 
represent “a means of arbitrary or unjustifi able discrimination” or a 
“disguised restriction on international trade.”

Under the GATT, there was ambiguity of interpretation as to what 
was to happen when Article XX confl icted with the non-discrimi-
nation article. To clarify the matter, in the preamble of the Articles 
that established the WTO, language was added to specify that the 
new organization’s objectives were not limited to promoting trade 
but included also optimal use of the world’s resources, sustainable 
development, and environmental protection. Environmental objec-

11 The most prominent and articulate spokesperson for the view that trade should 
not be linked to unrelated issues is Jagdish Bhagwati (2000).
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tives are also specifi cally recognized in WTO agreements that deal 
with product standards, food safety, intellectual property protection, 
and so on.

Given these provisions, how does one explain the common view in 
the anti-globalization movement that the WTO is actively harmful to 
the environment? When members of the protest movement identify 
specifi cs, they usually mention past rulings of WTO panels under the 
dispute settlement mechanism. The panels are quasi-judicial tribunals, 
whose job is to rule in disputes about whether parties are abiding by 
the rules that they have already agreed to. Like most judicial proceed-
ings, the panels themselves are not intended to be democratic. But 
WTO rulings to date do not show a pattern of having been dominated 
by any particular country or interest group. There have been three or 
four fairly prominent WTO panel rulings that concern the environ-
ment in some way. Many observers within the environmentalist and 
non-governmental organization (NGO) community have at some 
point become convinced that these rulings told the United States, or 
another defendant country, that their attempts to protect the envi-
ronment must be repealed. The mystery is why this impression is so 
 widespread, because it has little basis in fact.

The four WTO cases that will be briefl y reviewed here involve 
Canadian asbestos, Venezuelan reformulated gasoline, US hormone-
fed beef, and Asian shrimp and turtles. We will also touch on the 
Mexican tuna–dolphin case. Each of the cases involves an environ-
mental measure that the producer-country plaintiff alleged to have 
trade-distorting effects. None of these complaints, however, was 
based on the allegation that the goal of the measure was not valid, 
or that protectionism was the original motivation. In most of the 
cases, the allegation was that discrimination against foreign products 
was an incidental, and unnecessary, feature of the environmental 
measure.

Canadian asbestos
The case of Canadian asbestos was a clear win for environmental 
advocates. The WTO Appellate Body in 2001 upheld a French ban 
on asbestos products against a challenge by Canada, which had 
been exporting to France. This ruling made real the WTO claim 
that its charter gives priority to health, safety, and environmental 
 requirements insofar as GATT Article XX explicitly allows exceptions 
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to the Most Favored Nation and national treatment rules for these 
purposes.12

Venezuelan reformulated gasoline
In this case, Venezuela successfully claimed that US law violated the 
national treatment rule—that is, it discriminated in favor of domestic 
producers. The case was unusual in that the intent to discriminate had, 
at the time the law was passed, been made explicit by US administra-
tion offi cials seeking to please a domestic interest group. If the WTO 
had ruled in favor of the United States, it would have been saying 
that it was fi ne for a country to discriminate needlessly and explicitly 
against foreign producers so long as the law came under an environ-
mental label.

The United States was not blocked by this ruling from implementing 
its targets under the Clean Air Act, as commonly charged. Rather, the 
offending regulation was easily changed so as to be nondiscriminatory 
and thus to be permissible under the rules agreed by members of the 
WTO. This case sent precisely the right message to the world’s govern-
ments: namely, that environmental measures should not and need not 
discriminate against foreign producers.

Shrimp–turtle
Perceptions regarding the WTO panel ruling on a dispute about 
shrimp imports and the protection of sea turtles probably vary more 
widely than on any other case. The perception among many environ-
mentalists is that the panel ruling struck down a US law to protect sea 
turtles that are caught in the nets of shrimp fi shermen in the Indian 
Ocean. (The provision was pursuant to the US Endangered Species 
Act.) In reality, the dispute resembled the gasoline case in the sense 
that the American ban on imports from countries without adequate 
regulatory regimes in place was unnecessarily selective and restrictive. 
The WTO panel and appellate body decided that the US application of 
the law, in a complex variety of ways, was arbitrarily and unjustifi ably 
discriminatory against the four plaintiff countries. The United States 
had unilaterally and infl exibly banned shrimp imports from countries 
that did not have in place, for all shrimp production, a specifi c turtle-
protection regime to the United States’ own liking.

12 New York Times, July 25, 2000.
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The case could in fact be considered a victory for environmentalists, 
in that the WTO panel and appeals body in 1998 explicitly stated that 
the United States could pursue the protection of endangered sea turtles 
against foreign fi shermen. The United States subsequently allowed 
more fl exibility in its regulation and made good-faith efforts to negoti-
ate an agreement with the Asian producers, which it could have done in 
the fi rst place. The WTO panel and appellate body in 2001 found the 
new US regime to be WTO-compliant (Charnovitz 2003a). The case set 
a precedent in clarifying support for the principle that the WTO rules 
allow countries to pass judgment on other countries’ processes and 
production methods, even if it means using trade controls to do so, pro-
vided only that the measures are not unnecessarily discriminatory.13

Tuna–dolphin
In an earlier attempt to protect another large, fl ippered sea animal, the 
United States had banned imports of tuna from countries that allowed 
fi shermen to use nets that also caught dolphins. Mexico brought a 
case before the GATT, as this dispute pre-dated the WTO. The GATT 
panel ruled against the US law, in part due to features that discrimi-
nated unnecessarily against Mexican fi shermen in favor of US fi sher-
man. The GATT report was never adopted. Instead, the parties in 
effect worked out their differences bilaterally, “out of court.” The case 
was considered a setback for trade-sensitive environmental measures, 
at least unilateral ones. But the setback proved temporary.14 That the 
GATT ruling in the tuna case did not affi rm the right of the United 
States to use trade bans to protect dolphins shows how much the envi-
ronmentalist cause has progressed under the WTO, as was borne out 
in the subsequent gasoline, shrimp–turtle, and asbestos cases.

13 For a full explanation of the legal issues, see Charnovitz (2003a). Also Michael 
Weinstein, “Greens and Globalization: Declaring Defeat in the Face of Victory,” 
NY Times, April 22, 2001. Charnovitz and Weinstein (2001) argue that the 
environmentalists fail to realize the progress they have made in recent WTO 
panel cases, and may thereby miss an opportunity to consolidate those gains. It 
is not only environmentalists who are under the impression that the GATT rules 
do not allow PPMs: some developing countries also claim that PPMs violate the 
GATT. The motive of the fi rst group is to fi ght the GATT, while the motive of 
the second group is to fi ght PPM measures.

14 A system for labeling tuna in the US market as either “dolphin safe” or not was 
later found to be consistent with the GATT. The American consumer response 
turned out to be suffi ciently great to accomplish the desired cessation of non-
dolphin-safe imports.
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The Kyoto Protocol and the leakage/competitiveness issue

The Kyoto Protocol on Global Climate Change, negotiated in 1997, is 
the most ambitious attempt at a multilateral environment agreement 
to date. The task of addressing climate change while satisfying the 
political constraints of the various factions (particularly, the United 
States, European Union, and developing countries) was inherently a 
 near-impossible task. Most economists emphasize that the agreement, 
as it was written at Kyoto, would impose large economic costs on the 
United States and other countries, while making only a minor dent 
in the problem. The Clinton Administration’s interpretation of the 
Protocol insisted on so-called fl exibility mechanisms, such as interna-
tional trading of emission permits, to bring the economic costs down 
to a modest range. Without the fl exibility mechanisms, the United 
States would be out of the Protocol, even if the subsequent administra-
tion had been more environmentally friendly than it was. Ironically, 
when European and other countries went ahead without the United 
States, they found that they could not manage without such trading 
mechanisms.

Even those who, for one reason or another, do not believe that 
Kyoto was a useful step, should acknowledge that multilateral agree-
ments will be necessary to tackle effectively the problem of global 
climate change. The administration of George W. Bush, even after it 
got past its resistance to the science, was reluctant to face up to this. 
The point for present purposes is that a system in which each country 
insists, based on an appeal to national sovereignty, that it be left to 
formulate environmental policies on its own, would be a world in 
which global externalities like climate change would not be effectively 
addressed.

The issues of leakage and competitiveness

Among countries making legislative attempts to limit GHG emis-
sions, many are increasingly obsessed with twin problems related 
to international trade: the problems of leakage and competitiveness 
(Frankel 2005a, 2005b). Assume that a core of rich countries is able 
to agree on a target GHG emissions pathway for the remainder of the 
century, following the lead of Kyoto, or alternatively, is able to agree 
on other measures to cut back on emissions, and assume further that 
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the path is aggressive enough at face value to go some way to achiev-
ing the atmospheric GHG concentration goals that the environmental 
scientists say are necessary. Even under a business–as-usual (BAU) 
scenario—that is, the path along which technical experts forecast 
that countries’ emissions would increase in the absence of a climate 
change agreement—most of the emissions growth is expected to 
come from China and other developing countries. If these countries 
are not included in a system of binding commitments, overall global 
emissions will continue to grow rapidly. But the problem of leakage 
is worse than it may appear. Leakage means that emissions in the 
non-participating countries would actually rise above where they 
would otherwise be, thus working to undo the environmental benefi ts 
of the abatement measures adopted by rich countries. Furthermore, 
not wanting to become less “competitive” and pay economic costs for 
minor environmental benefi ts, the rich countries would probably lose 
heart and the entire effort would unravel. Thus it is essential to fi nd 
ways to address concerns about competitiveness and leakage.

Developing countries

Developing countries need to be inside whatever international climate 
policy regime is the successor to Kyoto, for several reasons.15

First, as already noted, the developing countries will account for 
the largest share of emissions growth in coming years according to 
BAU projections. China, India, and other developing countries will 
account for as much as two-thirds of global CO2 emissions over 
the course of this century, vastly exceeding the expected contribu-
tion from member countries of the Organisation for Economic 
Co-operation and Development (OECD), which are projected to 
account for roughly one-quarter of global emissions. Without the 
participation of major developing countries, emissions abatement by 
industrialized countries will not do much to mitigate global climate 
change.

15 An additional reason that developing countries need to be included is to give 
the United States and other industrialized countries the opportunity to buy rela-
tively low-cost emissions permits, which is crucial to managing the economic 
cost of achieving any given stabilization goal. Elaboration of this point is avail-
able from Aldy and Frankel (2004), Frankel (2007), Seidman and Lewis (2008), 
and many other sources.
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If a quantitative international regime is implemented without the 
developing countries, their emissions are likely to rise even faster 
than current BAU projections, due to the problem of leakage. This 
phenomenon could come about through several (interrelated) chan-
nels. First, energy-intensive industries could relocate production 
from countries with emissions commitments to countries without 
such commitments. This could happen either if fi rms in these sectors 
relocate their plants to unregulated countries, or if fi rms in these 
sectors shrink in the  regulated countries while their competitors 
in the unregulated countries expand. A particularly alarming pos-
sibility is that a plant in a poor unregulated country might use dirty 
technologies and so emit more than a plant producing the same 
output in a rich country with stricter environmental standards—in 
that case, aggregate world emissions could actually go up rather 
than down.

Another channel for leakage involves world energy prices. If par-
ticipating countries succeed in cutting back their consumption of high-
carbon fossil fuels such as coal and oil, demand will fall and prices for 
these fuels on world markets will decline (other things equal). This 
is equally true whether the initial policy is a carbon tax that raises 
the price of fossil fuels to rich-country consumers or if other meas-
ures are used to reduce demand. Non-participating countries would 
naturally respond to declining world oil and coal prices by increasing 
consumption.

Estimates of the likely extent of leakage (in terms of how many tons 
of increased emissions from developing countries would be expected 
for every ton abated in an industrialized country) vary. Two important 
studies of leakage, and of the size of border adjustments or “green 
tariffs” that would be necessary if countries were legitimately to coun-
teract the problem of leakage, conclude that these impacts would be 
small on most traded goods.16 But one authoritative survey reaches a 
less sanguine conclusion: “Leakage rates in the range 5 to 20 per cent 

16 And therefore that “benefi ts produced by border adjustment would be too 
small to justify their administrative complexity or their deleterious effects 
in trade” (McKibbin and Wilcoxen 2008). The other study is Hauser et al. 
(2008). Researchers at the OECD, however, have produced larger estimates of 
leakage and corresponding necessary border taxes, especially on the part of the 
European Union if it is the only region that is seriously taxing carbon domesti-
cally, which is more or less the current state of affairs (Brathen 2008).



Global environment and trade policy  509

are common” (International Panel on Climate Change, 2001, Chapter 
8.3.2.3, pp. 536–54). Another study reports estimates of leakage 
ranging from 8 to 11 percent.17

Even more salient politically than concern about leakage is 
the related issue of competitiveness: specifi cally, the concern that 
 domestic  industries that are particularly intensive in energy or in 
other  GHG-generating activities will be placed at a competitive dis-
advantage to fi rms in the same industries operating in non-regulated 
countries. Firms in such sectors as aluminum, cement, glass, paper, 
steel, and iron will point to real costs in terms of lost output, profi ts, 
and employment if they are subject to a GHG regulatory regime and 
their competitors are not (Hauser et al. 2008). They understandably 
will seek protection and are likely to get it.18

Measures in climate change legislation to address 
competitiveness and leakage

The result of environmentalists’ leakage concerns and industry’s 
competitiveness concerns is that much of the climate legislation 
recently proposed at the national level in the United States and 
elsewhere includes provisions to apply certain trade measures 
to imports of carbon-intensive products from countries that are 
deemed not to be making suffi cient efforts themselves to address 
climate change.

17 Bordoff (2008, fn. 4). One of the estimates cited by Bordoff is from McKibben 
et al. (1999), who fi nd that if the United States had adopted its Kyoto target 
unilaterally, leakage would have been 10 percent. Ho, Morgenstern, and Shih 
(2008) also fi nd that the imposition of a price on carbon in the United States 
would produce substantial leakage for some industries, especially in the short 
run; they conclude that petrochemicals and cement are the most adversely 
impacted, followed by iron and steel, aluminum, and lime products. Demailly 
and Quirion (2008a) and Reinaud (2008) do not fi nd large leakage effects from 
the fi rst stage of the EU Emissions Trading System; but this tells us little about 
the next, much more serious, stage.

18 It is not meaningful to talk about an adverse effect on the competitiveness of 
the American economy in the aggregate. Those sectors low in carbon intensity 
would in theory benefi t from an increase in taxes on carbon relative to every-
thing else. This theoretical point is admittedly not very intuitive. Far more likely 
to resonate publicly is the example that producers of renewable energy, and of 
the equipment used to tap renewable energy, would benefi t.



510 Jeffrey Frankel

What is the right name for measures against imports from 
unregulated countries?

There are a variety of names for the sort of protection that carbon-in-
tensive sectors are likely to get against imports from non-participating 
countries. The phrases vary widely in their connotations. A bit, but 
not all, of the variation is semantic.

Border adjustment taxes• . Technically, this phrase applies not just 
to import tariffs alone but to a combination of import tariffs and 
export subsidies. Export subsidies do not, however, seem to be 
under active contemplation.
Green tariffs• . “Import tariffs” are the most accurate description 
of what we are talking about; the adjective “green” converts a 
negative-sounding term into a positive one.
Import barriers• . The phrase “import barriers” also has the  pejorative 
fl avor of protectionism. It clearly includes the option—likely to 
be adopted in practice—of requiring importers to buy emission 
permits, or “international reserve allowances” in the language of 
the Lieberman-Warner bill introduced in the US Congress. For 
economists such requirements are precisely equivalent to import 
tariffs—the cost of the permit is the same as the tariff rate. Others 
would not so readily make this connection, however. International 
law may well defy economic logic by treating import tariffs as 
impermissible but permit requirements for imports as acceptable 
(Pauwelyn 2007; Brewer 2008; and Fischer and Fox 2009).
Import penalties• . The term “penalties” is a bit like the term “bar-
riers” in its generality. Both terms have the added advantage of 
connoting a tie to behavior in the exporting country—in this case, 
insuffi cient action on climate change—while yet sounding less 
extreme than “sanctions.”
Import measures• . “Measures” is the term that maximizes generality 
and neutrality.
Carbon-equalization taxes• . A well-designed policy to target leakage 
and competitiveness concerns could be described as equalizing the 
effective tax on the carbon content of goods produced domesti-
cally versus goods imported from abroad. One hopes that “carbon 
equalization” is not used as a euphemism for domestic subsidies or 
rebates.
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Trade sanctions• . An alternative function of import measures is to 
encourage those countries not participating in a post-Kyoto multi-
lateral climate policy architecture to enlist.
Trade controls• . Trade controls fall only on environmentally rel-
evant sectors. Trade sanctions, on the other hand, target products 
that are arbitrary and unrelated to the non-compliant act. They are 
used multilaterally only by the WTO and United Nations Security 
Council, and are not currently under consideration as a mechanism 
for addressing climate change (Charnovitz 2003b, p. 156).

Pauwelyn (2007) compares some of these options more carefully, 
from a legal standpoint. Fischer and Fox (2009) compare four of them 
from an economic standpoint: import tax alone, export rebate alone, 
full border adjustment, and domestic production rebate. Hufbauer, 
Charnovitz, and Kim (2009, Chapter 3) are more exhaustive still. 
Recent papers that compare the options in a European context include 
Demailly and Quiron (2008b), Reinaud (2008), and Alexeeva-Talebi, 
Loschel and Mennel (2008).

Possible application of trade barriers by the United States

Of twelve market-based climate change bills introduced in the 110th 
Congress, almost half called for some border measures: typically 
a requirement that importers of energy-intensive goods surrender 
permits corresponding to the carbon emissions embodied in those 
goods (which is equivalent to a tariff on these imports).19 The 
Bingaman-Specter “Low Carbon Economy Act of 2007” would have 
provided that “If other countries are deemed to be making inad-
equate efforts [in reducing global GHG emissions], starting in 2020 
the President could require importers from such countries to submit 
special emission allowances (from a separate reserve pool) to cover the 
carbon content of certain products.” Similarly the Lieberman-Warner 
bill would have required the president to determine what countries 
have taken comparable action to limit GHG emissions; for imports 
of covered goods from covered countries, starting in 2020, it would 
have required the importer to buy international reserve  allowances 

19 Source: Resources for the Future; or Hufbauer, Charnovitz and Kim (2009, 
Table 1.A.2).
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(S. 2191: “America’s Climate Security Act of 2007,” Sections 6005–
6006). These requirements would be equivalent to a tax on covered 
imports. The major candidates in the US presidential election cam-
paign of 2008 supported some version of these bills, including import 
measures in the name of safeguarding competitiveness vis-à-vis devel-
oping countries.

In addition, a different law that has already passed and gone into 
effect poses similar issues: “The Energy Independence & Security Act 
of 2007” explicitly “limits US government procurement of alternative 
fuel to those from which the lifecycle greenhouse gas emissions are 
equal to or less than those from conventional fuel from conventional 
petroleum sources.”20 Canada’s oil sands are vulnerable. Since Canada 
has ratifi ed the Kyoto Protocol and the United States has not, the 
legality of this measure strikes this author as questionable.

Possible application of trade barriers by the European Union

It is possible that many in Washington don’t realize that the United 
States is likely to be the victim of legal sanctions before it is the wielder 
of them. In Europe, where fi rms have already entered the fi rst Kyoto 
budget period of binding emission limits, competitiveness concerns are 
well-advanced and the non-participating United States is an obvious 
target of resentment (Bhagwati and Mavroidis 2007; Bierman and 
Brohm 2005; and Government of Sweden 2004).

After the United States failed to ratify the Protocol, European parlia-
mentarians proposed a “Kyoto carbon tax” against imports from the 
United States.21 The European Commission had to make a decision 
on the issue in January 2008, when the European Union determined 
its emission targets for the post-Kyoto period. In preparation for this 
decision, French President Nicolas Sarkozy warned:

. . . if large economies of the world do not engage in binding commitments 
to reduce emissions, European industry will have incentives to relocate 
to such countries . . . The introduction of a parallel mechanism for border 
compensation against imports from countries that refuse to commit to 
binding reductions therefore appears essential, whether in the form of a tax 
adjustment or an obligation to buy permits by importers. This mechanism 

20 Section 526. Source: FT, Mar. 10, 2008.
21 FT, Jan. 24, 2008.
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is in any case necessary in order to induce those countries to agree on such 
a commitment.22

The envisioned mechanism sounds similar to that in the Bingaman-
Specter and Lieberman-Warner bills in the United States, with the dif-
ference that it could go into effect soon, since Europe is already limit-
ing emissions whereas the United States is not.

In the event, the EU Commission included instead the following 
provision in its Directive:

Energy-intensive industries which are determined to be exposed to signifi cant 
risk of carbon leakage could receive a higher amount of free allocation or 
an effective carbon equalization system could be introduced with a view to 
putting EU and non-EU producers on a comparable footing. Such a system 
could apply to importers of goods requirements similar to those applicable 
to installations within the EU, by requiring the surrender of allowances.23

The second of the two options, “carbon equalization” sounds con-
sistent with what is appropriate (and with the sort of measures sug-
gested by Sarkozy and spelled out in detail in the US bills). The fi rst 
option, however, is badly designed. Yes, it would help European indus-
tries that are carbon-intensive and therefore vulnerable to competition 
from non-members by giving them a larger quantity of free emission 
permits. Given the market in tradable permits that already exists in the 
European Union, giving a fi rm free permits is the same as giving them 
a cash subsidy. According to simple microeconomic theory, however, 
these subsidies would do nothing to address leakage. Because carbon-
intensive production is cheaper in non-participating countries, the 
European fi rms would simply sell the permits they receive and pocket 
the money, while carbon-intensive production would still move from 
Europe to non-participants.24 Recipient fi rms might even use the money 
to buy or develop their own subsidiaries in unregulated countries.25

22 Letter to EU Commission President Jose Manuel Barroso, January 2008.
23 Source: Paragraph 13, Directive of the European Parliament & of the Council 

amending Directive 2003/87/EC so as to improve and extend the EU green-
house gas emissions allowance trading system; Brussels, Jan. 2008.

24 This logic presumes that the subsidies are tied to past production, rather 
than ongoing production. But this is the idea of course: a system of granting 
permits based on future production would encourage emissions rather than the 
reverse.

25 One important study, Hauser et al. (2008) tends to favor such domestic subsi-
dies, and opposes border measures, in part because the latter are judged to be 
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Admittedly there might in practice be some effects from granting 
free allowances to affected industries: for example, an infusion of 
liquidity might keep a fi rm operating that otherwise would go bank-
rupt. But overall there would probably be almost as much leakage 
as if there had been no policy response at all. Perhaps the purpose 
behind this subsidy option is not to minimize leakage, for which free 
allowances are the wrong remedy, nor even to punish non-participat-
ing countries, but simply to buy off domestic interests so that they 
will not oppose action on climate change politically. But in this case 
it is important to make sure politicians understand that this is what 
they are doing, because the rhetoric is different and the economic 
logic is subtle.

Would trade controls or sanctions be compatible with the 
WTO?

Would measures that are directed against CO2 emissions in other 
countries, as embodied in electricity or in goods produced using elec-
tricity or other carbon-emitting forms of energy, be acceptable under 
international law? Not many years ago, most international experts 
would have said that import barriers against carbon-intensive goods, 
whether in the form of tariffs or quantitative restrictions, would 
necessarily violate international agreements. Under GATT, although 
countries could use import barriers to protect themselves against 
environmental damage that would otherwise occur within their own 
borders, they could not use import barriers to affect how goods are 
produced in foreign countries—that is, they could not impose barriers 
on the basis of processes and production methods (PPMs). A notorious 
example was the GATT ruling against US barriers to imports of tuna 
from Mexico on the basis of dolphin-unfriendly fi shing practices. But 
things have changed, as explained in the previous section summarizing 
WTO panel cases.

The WTO came into existence, succeeding the GATT, at roughly the 
same time as the Kyoto Protocol. The drafters of each treaty showed 
more consideration for the other than do the rank and fi le among envi-

more likely to run afoul of the WTO. I come to the opposite conclusion, for the 
reasons stated and also because subsidies to sectors facing international compe-
tition run contrary to the WTO as import tariffs do.

 Footnote 25 (cont.)
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ronmental and free-trade advocates, respectively. The WTO regime is 
more respectful of the environment than was its predecessor. Article 
XX allows exceptions to Articles I and III for purposes of health and 
conservation. The Preamble to the 1995 Marrakech Agreement that 
established the WTO seeks “to protect and preserve the environ-
ment;” while the 2001 Doha Communiqué that sought to start a new 
round of free trade negotiations declared: “the aims of . . . open and 
 non-discriminatory trading system, and acting for the protection of 
the environment . . . must be mutually supportive.” The Kyoto Protocol 
text is equally solicitous of the trade regime. It says that Parties to the 
Protocol should “strive to implement policies and measures . . . to mini-
mize adverse effects . . . on international trade . . . ” The United Nations 
Framework Convention on Climate Change (UNFCCC) features 
similar language.

GHG emissions are the result of processes and production methods. 
Is this an obstacle to the application of trade measures to address these 
emissions at the border? I don’t see why it has to be. Three precedents 
can be cited: sea turtles, stratospheric ozone, and Brazilian tires.

The true import of the 1998 WTO panel decision on the 
 shrimp–turtle case was missed by almost everyone. The major signifi -
cance of this decision was its pathbreaking ruling that environmental 
measures can target not only exported products (under Article XX), 
but also the processes and production methods (PPMs) used by 
trading partners in supplying these products—subject, as always, to 
the non-discrimination provisions of Articles I and III. The United 
States was, in the end, able to seek to protect turtles in the Indian 
Ocean, provided it did so without discriminating against Asian fi sh-
ermen. Environmentalists failed to notice or consolidate the PPM 
precedent, and (to the contrary) were misguidedly up in arms over 
this case.26

Another important precedent for harmonizing trade and envi-
ronmental goals was established by the Montreal Protocol on strat-
ospheric ozone depletion, which contained controls on trade in ozone 
depleting substances (ODSs) and products that contain ODSs. These 
controls had two motivations:27

26 For a full explanation of the legal issues, see the references cited in footnote 13.
27 Brack (1996). Barrett (1997) shows theoretically how multilateral trade sanc-

tions can enforce a multilateral environmental treaty.
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to encourage countries to join, and1. 
to minimize leakage (if major countries had remained outside 2. 
the Montreal Protocol, the controls would have minimized the 
migration of production of banned substances to nonparticipating 
countries).

In the event, (1) worked, so (2) was not needed.
These two examples—the shrimp–turtle decision and the Montreal 

Protocol precedent—go a long way towards establishing the legiti-
macy of trade measures against PPMs. Many trade experts, including 
economists and international lawyers, let alone representatives of 
India and other developing countries, are not yet convinced28 of the 
legitimacy of such measures. I personally have come to believe that 
the Kyoto Protocol could have followed the Montreal Protocol by 
incorporating well-designed trade controls aimed at non-participants. 
One aspect of climate change that strengthens the applicability of the 
precedent is that we are not talking about targeting practices in other 
countries that harm solely the local environment, where the country 
can make the case that this is nobody else’s business. Depletion of 
stratospheric ozone and endangerment of sea turtles are global exter-
nalities. (It helped that these are turtles that migrate globally.) So is 
climate change from GHG emissions. A ton of carbon emitted into the 
atmosphere hurts all residents of the planet.

In case there is any doubt that Article XX, which uses the phrase 
“health and conservation,” applies to environmental concerns such 
as climate change, a third precedent is relevant. In 2007, a new 
WTO Appellate Body decision regarding Brazilian restrictions on 
imports of retreaded tires confi rmed the applicability of Article 
XX(b), which accords “considerable fl exibility to WTO Member 
governments when they take trade-restrictive measures to protect 
life or health . . . [and] apply equally to issues related to trade and 
environmental protection . . . including measures taken to combat 
global warming.”29

28 Some experts believe that even multilateral trade penalties against non-members 
might not be permissible under the WTO. See Sampson (2000), p. 87. Of 
course, countries wishing to participate in such a system could always withdraw 
from the WTO.

29 Source: Brendan McGivern, Dec. 12, 2007.
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Some principles for designing legitimate penalties on 
carbon-intensive imports

While the shrimp–turtle case and the Montreal Protocol help establish 
the principle that well-designed trade measures can legitimately target 
PPMs, they also suggest principles that should help guide drafters as 
to what is good design.

First, the existence of a multilaterally negotiated international 
treaty such as the Kyoto Protocol conditions the legitimacy of unilat-
eral trade controls. On the one hand, that leakage to non-members 
could negate the goal of the Protocol strengthens the case for (the 
right sort of) trade controls. Trade controls imposed in this context 
are stronger, for example, than in the shrimp–turtle case, which was 
primarily a unilateral US measure.30 On the other hand, the case for 
unilateral controls on the basis of climate concerns is weaker than 
it was for the Montreal Protocol, where the Protocol itself defi ned 
multilaterally-agreed trade controls. (Multilateral initiatives like the 
latter are on fi rmer ground than unilateral initiatives.) The Kyoto 
Protocol could have made explicit allowance for multilateral trade 
controls, but its negotiators chose not to. The case would be espe-
cially weak for American measures if the United States has still not 
ratifi ed the Kyoto Protocol or a successor agreement. The Europeans 
have a relatively good case against the United States, until such time 
as the United States ratifi es. But the case would be stronger still if 
a future multilateral agreement, for example under the UNFCCC, 
agreed on the legitimacy of trade controls and on guidelines for their 
design.

Second, there is the question of the sorts of goods or services that 
would be subject to penalty. It would certainly be legitimate to apply 
tariffs against coal itself, assuming domestic taxation of coal or a 
domestic system of tradable permits were in place. It is probably also 
legitimate to apply tariffs to the carbon content of electricity, though 
this requires acceptance of the PPM principle. The big question is 
whether it is legitimate to impose trade measures on the basis of the 

30 Webster (2008) explains that unilateral measures more likely acceptable if in 
pursuit of an existing multilateral agreement such as the Kyoto Protocol. Even 
sea turtles are, however, given some protective status by their inclusion in 
Appendix 1 of the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora.
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carbon or energy content of manufactured goods. Trade sanctions 
would probably not be legitimate when applied solely as punish-
ment for free riding against unrelated products of a non-member 
country or, in a more extreme case, on clean inputs—e.g., a ban on 
US turbines used for low-carbon projects (unless perhaps there was 
multilateral agreement among UNFCCC members on economy-wide 
sanctions—an unlikely prospect).31

Paradoxically, the need to keep out coal-generated electricity or 
aluminum from non-members of the Kyoto Protocol is greater than 
the need to keep out coal itself. The reason is that the Protocol already 
puts limits on within-country emissions. If one assumes the limits are 
enforced, then the world community has no particular interest in how 
a country goes about cutting its emissions. But if the country imports 
coal-generated electricity or aluminum from non-members, the emis-
sions occur outside its borders and the environmental objective is 
undermined.

Unfortunately, it is diffi cult to determine the carbon content of 
manufactured goods. The best option would be to focus on the 
 half-dozen largest-scale, most energy-intensive industries—a category 
that  probably includes aluminum, cement, steel, paper, and glass. Even 
here there are diffi cult questions, however. What if the energy used to 
smelt aluminum in another country is cleaner than in the importing 
country (Iceland’s energy comes from hydro and geothermal power) 
or dirtier (much of Australia’s energy comes from coal)? How can 
one distinguish the marginal carbon content of the energy used for 
a particular aluminum shipment from the average carbon content of 
energy in the country of origin? These are questions that will have to 
be answered. Pauwelyn (2007) proposes that the US Customs Bureau 
assign imports an implicit carbon content based on the production 
techniques that are dominant in the United States, as a back-up when 
the foreign producer does not voluntarily provide the information 
needed to calculate carbon content; apparently there is precedent for 
this approach.

As soon as one goes beyond a half-dozen industries, however, it 
becomes too diffi cult for even a good-faith investigator to discern the 

31 Charnovitz (2003b, 156) emphasizes the distinction between trade controls, 
which fall on environmentally relevant sectors, versus trade sanctions, where 
the targeted products are arbitrary and unrelated to the noncompliant act (and 
are used multilaterally only by the WTO and UN Security Council).
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effective carbon content. This approach is also too liable to abuse. 
One would not want to attempt to levy tariffs against car parts that 
are made with metal produced in a carbon-intensive way, or against 
the automobiles that use those car parts (which could include effi cient, 
high-mileage hybrids) or against the products of fi rms that bought the 
cars, and so on.

The big danger

Just because a government measure is given an environmental label 
does not necessarily mean that it is motivated primarily—or even at 
all—by bona fi de environmental objectives. To see the point one has 
only to look at the massive mistake of American subsidies to ethanol 
(and concurrent protection against competing imports of biofuels 
from Brazil). If each country on its own imposes border adjustments 
for imports in whatever way suits its national politics, those adjust-
ments will be poorly targeted, discriminatory, and often covertly pro-
tectionist. When reading the language in the US Congressional bills or 
the EU decision, it is not hard to imagine that special interests could 
manipulate, for protectionist purposes, the process whereby each gov-
ernment decides whether other countries are doing their share, and 
what foreign competitors merit penalties.32 If so, the competitiveness 
provisions may indeed run afoul of the WTO, and would in that case 
deserve to be struck down.

It is important who makes the determinations regarding what coun-
tries are abiding by carbon-reduction commitments, who can retaliate 
against the non-compliers, what sectors are fair game, and what sorts 
of barriers are appropriate. One policy conclusion is that these deci-
sions should be delegated to independent panels of experts, rather 
than be left to politicians.

The most important policy conclusion is that we need a multilateral 
regime to guide climate-related trade measures. Ideally the regime 

32 The Congressional language imposing penalties on imports from countries that 
do not tax carbon was apparently infl uenced by the International Brotherhood of 
Electrical Workers, which regularly lobbies for protection of American workers 
from foreign competition. Alan Beattie, FT, Jan. 24, 2008. Simultaneously, the 
European Trade Union Confederation urged the EU Commission to tax imports 
from countries that refuse to reduce GHG emissions. “Unions back carbon tax 
on big polluting nations,” AP and Wall Street Journal, Jan. 16, 2008.
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would be negotiated along with a successor to the Kyoto Protocol 
that sets emissions targets for future periods and brings the United 
States and developing countries inside. But if that process takes too 
long, it might be useful in the shorter run for the United States to enter 
negotiations with the European Union to harmonize guidelines for 
border penalties, perhaps in consultation with the secretariats of the 
UNFCCC and the WTO (Sampson 1999).

Why take multilateralism seriously?

“Why should WTO obligations be taken seriously?” some may ask. 
Three possible answers may be ventured, based on considerations of 
international citizenship, good policy, and realpolitik.

Regarding international citizenship, the broader question is whether 
the United States wants to return to the highly successful post-war 
strategy of adherence to international law and full membership in—
indeed leadership of—multilateral institutions. This course does not 
mean routinely subordinating American law, let alone American inter-
ests, to international law. There will be cases where the United States 
wants to go its own way. But efforts to address climate change surely 
do not (or should not) represent one of those cases. Among other 
reasons is the fact that GHG emissions are inherently a global external-
ity. No single country can address climate change on its own, due to the 
free rider problem. While there is a role for unilateral action on climate 
 change—for example, by the United States as part of a short-term effort 
to demonstrate seriousness of purpose and begin to catch up with the 
record of the Europeans—in the long term, multilateral action offers 
the only hope of addressing the problem. The multilateral institutions 
to do so are already in place—specifi cally the UNFCCC, the Kyoto 
Protocol, and the WTO—and all of them were created with strong US 
leadership.

Moreover, the basic designs and operations of these institutions 
happen to be relatively sensible, taking political realities as given. They 
are more sensible than most critics of international institutions and of 
their alleged violations of national sovereignty typically believe. This 
applies whether the critics are on the left or the right of the political 
spectrum, and whether their main concern is the environment or the 
economy. One can place very heavy weight on economic goals, and yet 
realize the desirability of addressing externalities, minimizing leakage, 
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dealing with competitiveness concerns, and so forth. Likewise, one 
can place very heavy weight on environmental goals, and yet realize 
the virtues of market mechanisms, non-discrimination, reciprocity, 
addressing international externalities cooperatively, preventing special 
interests from hijacking environmental language for their own fi nan-
cial gain, and so forth.

The third reason why the United States should be prepared to 
modify the sort of “international reserve allowances” language of the 
Lieberman-Warner bill and move in the direction of multilateral coor-
dination of guidelines for climate-related trade measures is grounded in 
hard-headed self interest. Section 6006 of Lieberman-Warner originally 
envisioned these measures going into effect only in 2020. This was as it 
should be, since any such bill must give the United States time to start 
playing the game before it can presume to punish other players for infrac-
tions.33 But the EU language could be translated into penalties against 
US products any day. It is in the American interest to have any border 
penalties governed by a sensible system of multilateral guidelines. The 
Europeans might welcome US participation in joint  negotiations to agree 
on  guidelines, as part of a process of negotiations over a  Kyoto-successor 
regime. The argument is stronger than an argument based on histori-
cal examples of US import barriers that led to subsequent emulation 
and retaliation, which eventually came back to hit US exports (e.g., the 
Smoot Hawley tariff in 1930, anti-dumping cases in the 1980s, etc.). 
Here the United States has an opportunity to infl uence other countries’ 
barriers against its goods, probably more than ten years before the 
United States would be erecting barriers against others’ goods.

Concluding recommendations

The issues raised in this chapter need further study. Both the econom-
ics and the law are complicated. Nevertheless, the chapter is able to 
offer a central message: border measures to address leakage need not 
necessarily violate the WTO or sensible trade principles, but there is a 
very great danger that in practice they will.

33 The revised version of the bill, which the Senate voted on in the spring of 2008, 
would have moved the import measures much closer to the present. One hopes 
that any version of the bill that might pass in 2009 would recognize that the 
United States cannot very well set itself up in judgment of other countries before 
it has begun to take any steps of its own to fulfi ll the Kyoto agreement.
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I conclude with some subjective judgments as to principles that 
could guide a country’s border measures—if its goal were indeed to 
reduce leakage and avoid artifi cially tilting the playing fi eld toward 
carbon-intensive imports of non-participating countries. Based on 
their characteristics, I classify possible border measures into two cat-
egories, which I will name by color (for lack of better labels):

The “Black” category—measures that seem to me very dangerous, 1. 
in that they are likely to become an excuse for protectionism; and
The “White” category—measures that seem to me reasonable and 2. 
appropriate.34

The Black (inappropriate) border measures include:

Unilateral measures applied by countries that are not participating • 
in the Kyoto Protocol or its successors.
Judgments as to fi ndings of fact that are made by politicians, • 
 vulnerable to political pressure from interest groups seeking special 
protection.
Unilateral measures that seek to restrict trade with particular • 
 partners more broadly, rather than targeting narrowly-defi ned, 
energy-intensive sectors.
Import barriers against products that are further removed from the • 
carbon-intensive activity, such as fi rms that use inputs that are pro-
duced in an energy-intensive process.
Subsidies—whether in the form of money or extra permit alloca-• 
tions—to domestic sectors that are considered to have been put at 
a competitive disadvantage. (One must note that the aversion to 
subsidies is based on economists’ logic. International lawyers may 
have the opposite ranking.)

The White (appropriate) border measures could include either 
tariffs or (equivalently) a requirement for importers to surrender 
tradable permits. Guiding principles for inclusion in this category 
include:

34 Hufbauer, Charnovitz and Kim (2009, Chapter 5) call this category “the green 
space” and present a list of desirable attributes which is more authoritative 
than the one I had drawn up, at least from a legal standpoint. Green is the more 
familiar color, but I had thought to avoid it because of possible confusion with 
the “green box” of the WTO’s Agreement on Agriculture.
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Measures should follow some multilaterally-agreed set of guidelines • 
among countries participating in the Kyoto Protocol and/or its 
successors.
Judgments as to fi ndings of fact—for example, what countries are • 
complying or not, what industries are involved and what is their 
carbon content, what countries are entitled to respond with border 
measures, or what is the nature of allowable responses—should be 
made by independent panels of experts.
Measures should only be applied by countries that are reducing • 
their emissions in line with the Kyoto Protocol and/or its succes-
sors, against countries that are not participating, either due to their 
refusal to join or to their failure to comply.
Import penalties should target fossil fuels, electricity, and a half-• 
dozen of the most energy-intensive major industries (e.g., alumi-
num, cement, steel, paper, glass, iron and chemicals).

If countries follow these guidelines, the border penalties they enact 
are more likely to be consistent with the avowed goals of preventing 
leakage and undue loss of competitiveness and less likely to fall afoul 
of the WTO. If countries do not follow these guidelines—which may 
be the more likely outcome—the trade measures they devise will more 
probably be inconsistent with environmental and competitiveness 
goals, and with the WTO as well.
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17 A proposal for the design of the 
successor to the Kyoto Protocol 1

Larry Karp and Jinhua Zhao

Introduction

The primary design objectives for a successor climate agreement 
to the Kyoto Protocol are to promote nations’ participation in and 
 compliance with a global framework for reducing greenhouse gas 
(GHG) emissions. If nations do not sign the treaty, or if they sign it and 
then honor it only in the breach, other design details are irrelevant. The 
treaty must also set goals that at least approximately balance the costs 
and benefi ts of action, and must provide mechanisms to reach these 
goals effi ciently. The design of a successor agreement should be simple, 
so that it presents nations with a clear choice. Ultimately, solutions to 
the global problem of climate change will require a measure of compul-
sion; therefore, it is important that nations view a new treaty as fair.

Achieving this objective begins with the recognition that managing 
climate change is a global public good. Because nations are sovereign, 
the possibilities for compelling them to join an agreement—or for com-
pelling them to comply after they have joined—are limited. This con-
straint makes it necessary to design an agreement so that it is in nations’ 
interest to participate and to comply. It is also necessary to set the stage 
for compelling participation in the future, should this be required.

The design proposed in this chapter includes a number of key 
ingredients:

Developed-country participants face mandatory, country-specifi c • 
ceilings on GHG emissions, as under the Kyoto Protocol.
The agreement contains country-specifi c commitments for approxi-• 
mately a decade, and it sets out broad goals for subsequent 
periods.
Developing countries are not required to make costly changes • 
during the fi rst decade of a new regime, but face restrictions 

1 This chapter benefi ted from the comments of an anonymous referee.
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and incentives to ensure that they do not undercut the measures 
that developed countries take to reduce emissions. The agreement 
notifi es developing countries that they will face obligations—
not only opportunities—at the next round of climate change 
negotiations.
The successor agreement protects signatories from unexpectedly • 
high abatement costs by allowing them to exercise an escape clause. 
The availability of this clause also promotes participation in the 
treaty and helps to solve the problem of enforcement.
Exercise of the escape clause requires payment of a monetary fi ne, • 
or it triggers trade sanctions by other signatories—as would be con-
sistent with current World Trade Organization (WTO) law.
The escape clause acts as a safety valve, putting a cap on the cost of • 
compliance with treaty obligations.
The treaty accepts the principle that by the next round of climate • 
negotiations (after the fi rst decade of treaty implementation), 
WTO-consistent trade measures will be introduced to prevent 
non-signatories from undermining the actions of signatories, and 
possibly also as a means of inducing non-signatories to join the next 
agreement.
The treaty supports the continued development and use of the • 
Clean Development Mechanism (CDM) and Joint Implementation 
(JI). It also encourages the creation of a new mechanism to achieve 
broader developing-country participation at the sectoral rather than 
the project level.
The allocation of internationally tradable permits is not used as a • 
means of providing side payments to induce membership (as was 
done under the Kyoto Protocol to induce Russia’s membership). 
The CDM and JI, or sectoral agreements, provide the primary 
means of taking advantage of opportunities for low-cost emissions 
reductions.
In view of the randomness of abatement costs, the treaty allows • 
international trade in emissions permits to achieve effi ciency. 
The treaty also recognizes the potentially perverse effects of such 
trade.
Together with the CDM, JI, and international purchases or sales of • 
permits, signatories can use any combination of domestic policies—
e.g., command and control, cap-and-trade, and taxes—to achieve 
their targets. This decision is a domestic issue.
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The treaty encourages voluntary steps and agreements among • 
parties outside the treaty, but recognizes that these are not substi-
tutes for a multinational agreement with mandatory reductions.

Our objective is to provide an outline for a successor to the Kyoto 
Protocol, without attempting an exhaustive description. For example, 
we do not discuss the evolution of the CDM, although we recognize 
the importance of reforming this mechanism and probably extending 
its reach in a new agreement. Other topics, such as carbon sinks and 
the development of biofuels, are also important. These issues will 
likely be addressed by a reformed CDM or by the development of sec-
toral agreements; we do not discuss them here. Other proposals for a 
post-Kyoto regime provide greater detail on issues that we ignore.

Mandatory ceilings

A post-Kyoto agreement must impose mandatory country-specifi c 
ceilings on GHG emissions to guarantee the environmental outcome 
of the agreement. The objective is to achieve meaningful reductions in 
these emissions, not to provide politicians with an opportunity for self-
congratulation. Our collective ability to reach this objective is uncer-
tain, but we should pursue it as long as there is a chance for success.

We recognize that voluntary methods and agreements among small 
groups of countries—as exemplifi ed by recent US efforts to promote 
technology transfers outside the Kyoto Protocol—have a role. Similar 
efforts should be encouraged, but they should not become substitutes 
to the kind of concerted, multinational action needed to address the 
problem of climate change. Without mandatory emission ceilings (or 
caps) for individual nations, there will be less incentive to engage in vol-
untary reductions, technology transfers, and other worthwhile goals.

Pessimists conclude that such a collective effort is doomed because 
of nations’ inability to cooperate. Optimists think that a mandatory 
effort is unnecessary, either because the danger of climate change has 
been exaggerated, or because win-win alternatives will make it cheap 
to deal with the problem. The scientifi c consensus fi nds a high prob-
ability that the risks posed by climate change are signifi cant. Adoption 
of cost-effective and energy-effi cient technologies may lead to low-cost 
reductions in GHG emissions. These kinds of win-win situations are 
far more likely to be identifi ed and exploited if policymakers’ minds 
are concentrated by mandatory ceilings.
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We do not understate the diffi culty of negotiating, ratifying, and 
enforcing a meaningful agreement on mandatory emission ceilings. 
The bulk of our design proposal addresses these diffi culties.

The length of the agreement: response to new information

A new international climate agreement should emphasize country-spe-
cifi c obligations and the development of needed institutions during the 
next decade. This period is long enough to achieve real gains, but it is 
also short enough to provide two major advantages, as well as several 
minor ones. First, it takes into account uncertainty and the probability 
that new information will emerge surrounding both climate change 
and the cost of reducing GHG emissions. Second, it recognizes that 
there will likely be changing responsibilities across the developed and 
developing countries.

Climate science has improved over the past decade, but there is still 
disagreement about safe levels of GHG concentrations. Businesses 
making investments that last several decades need to adopt a planning 
horizon much longer than a decade, and they would like to know 
the future pecuniary costs of carbon emissions. However, it is not 
possible for an international agreement to determine those distant 
costs. Instead, a post-Kyoto agreement should provide a convincing 
signal that the world community is capable of taking measures to 
combat this global danger. An international agreement with precise 
and enforceable commitments during a short period sends a more 
powerful signal of this ability than does an agreement that emphasizes 
longer-term goals. It is better to establish the principle that the world 
community can respond to science, rather than to attempt to predict 
today what the science will be ten years from now.

The cost of achieving any given level of GHG abatement depends 
on the development of new technologies and on the success of institu-
tions (e.g., markets). There is perhaps as much uncertainty about these 
future economic costs as there is about the environmental costs caused 
by the accumulation of GHGs. The optimal trajectory of GHG emis-
sions depends on the balance of economic and environmental costs.

The best that the current generation can do is to use current esti-
mates of these costs, and of the uncertainty surrounding them, to 
 calculate an optimal trajectory of emissions. Many integrated assess-
ment models (IAMs) have undertaken this exercise, typically with a 
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time step of a decade. These models can be useful in determining emis-
sions objectives for the next decade.

While focusing on behavior in the near term, a new international 
agreement must recognize that abatement efforts will have to continue 
in the future. For indicative purposes only—not as a commitment—the 
agreement should specify the target level of GHG concentrations in 50 
and in 100 years associated with this fi rst step. This information pro-
motes transparency and helps fi rms make long-run plans; it is analo-
gous to the kind of information that the US Federal Reserve provides.

The second major reason for an emphasis on the short run is that 
it makes it easier to incorporate changing responsibilities between 
the developed and the developing countries. For reasons discussed 
in a later section of this chapter, developing countries are exempt 
from commitments during the fi rst decade of a new treaty, but this 
exemption does not extend beyond that time. A post-Kyoto agree-
ment should establish the principle that developing countries will have 
to become engaged in the future, but not be too specifi c about the 
details of that engagement. An agreement that emphasizes the short 
run makes it easier to establish this principle and retain the ambiguity 
needed to win developing-country support.

There are secondary reasons for emphasizing the short run. Climate 
change arises from the stock of GHGs in the atmosphere, not from 
emissions in any single period. The central role of stocks rather than 
fl ows makes the climate problem inherently dynamic: the optimal 
policy will target a trajectory of emissions, rather than the level of 
emissions in a given period. This dynamic feature might appear to mil-
itate in favor of emphasizing the long run, contrary to our proposal. 
However, the commitment (or time consistency) problem creates an 
overwhelming argument for concentrating on the short run. Society’s 
tendency to procrastinate in solving diffi cult problems is even greater 
than that of individuals: witness the inability of the US political system 
to reform social security or Medicare.

An agreement with a long time horizon magnifi es society’s temp-
tation to defer emissions reductions. In some cases this delay is 
socially optimal—for example, when it results from the anticipation 
of improved technology. However, we want to design an international 
agreement to resist the tendency to procrastinate. Instead of viewing 
the problem of controlling climate change exclusively as a dynamic 
optimization problem, it is useful to also think of it as a dynamic game 
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amongst a  succession of generations (Karp 2005; Karp and Tsur 2007). 
The current generation can choose its own actions. By altering the 
stock of GHGs in the atmosphere and the institutional infrastructure 
bequeathed to subsequent generations, the current generation can infl u-
ence future actions, but it is not able to choose those actions. Emphasis 
on the short run in a new agreement is a means of forcing the current 
generation to recognize its limited infl uence on the actions of future 
generations. A short-duration treaty makes it impossible to score politi-
cal points or to salve our consciences by promising to undertake costly 
actions in the future. Instead, we can only decide what actions we will 
take in the present.

An agreement that emphasizes short-run goals is easier to negotiate 
and allows nations to learn and improve the design of future agreements. 
In theory, an agreement that specifi es what will be done in future con-
tingencies may be attractive. However, this degree of detail is not practi-
cal and it also undermines the objective of simplicity. We can envisage 
many different dimensions across which we might achieve simplicity. 
For example, we could focus on particular sectors or provide targets for 
particular types of fuel or offer certain kinds of taxes and subsidies. The 
uncertainty and time-consistency problems described above, however, 
favor achieving simplicity by concentrating on short-run goals. Within 
that constraint, we should be as ambitious as is politically feasible, con-
sistent with current estimates of costs and uncertainty.

Several rounds of negotiations under the General Agreement on 
Trade and Tariffs (GATT) preceded the establishment of the WTO. 
The benefi t of international trade has so far probably been more 
widely accepted than has the importance of action on climate change. 
The GATT rounds achieved limited objectives and created the insti-
tutional infrastructure that led to a more ambitious trade agreement. 
Several Kyoto-style rounds of negotiation will likely precede the estab-
lishment of a comprehensive and long-lasting agreement to manage 
climate change. We think that an architecture that is designed to 
achieve specifi c short-run goals offers the best chance of leading to a 
comprehensive climate agreement.

Fairness and distributional equity

Industrialized countries should bear most of the near-term costs of 
reducing GHG emissions, for three reasons. First, climate change arises 
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from the accumulation of GHG stocks in the atmosphere, which are a 
by-product of industrialization and other processes that led to current 
levels of wealth. Second, rich countries are better able to pay for needed 
emission reductions, whether they achieve those reductions domestically 
or in developing countries (through the CDM or sectoral agreements).

Third, climate change policy requires a two-pronged approach: 
abatement to reduce potential climate-related damages, and adapta-
tion to reduce the consequences of those climate changes that will 
occur even with abatement efforts. Abatement costs will arise in the 
near term, while the bulk of the adaptation costs will arise in the 
future, when and if major climate change actually occurs. The inabil-
ity of the current generation to commit to future policies means that 
it is impractical for the rich countries to promise to discharge their 
moral obligation by requiring their children and grandchildren to 
pay for adaptation in developing countries in the future. The current 
generation in the rich countries must bear the cost today of reducing 
emissions. For this reason, our proposed design includes mandatory 
ceilings on emissions levels, but it does not include mandatory steps 
with respect to adaptation (e.g., building sea walls).

A focus on adaptation efforts at this time would be a distraction 
from the goal of achieving emissions reductions. It might give some 
countries political cover, tempting them to agree to contribute to 
future adaptation efforts while rejecting mandatory emissions ceilings. 
Introducing negotiations on adaptation complicates an already compli-
cated agenda. We want to help simplify this agenda by focusing on the 
most urgent goals.

The emphasis on fairness has a practical implication. The accept-
ance of primary responsibility for causing the problem does not imply 
an open-ended commitment to bear all the costs, for all time, of imple-
menting a remedy. A new climate agreement must set the stage for 
achieving the cooperation from developing countries needed to stabi-
lize atmospheric GHG stocks at a safe level. The rich countries should 
reaffi rm their primary responsibility for the problem and accept that 
they are best able to pay to begin solving it—a recognition explicit in 
the Kyoto Protocol. However, unlike the Protocol, a successor treaty 
should establish the principle that developing countries will (1) be 
obliged to undertake actions to reduce GHG emissions in the future 
and (2) take current actions to support abatement efforts in developed 
countries by avoiding carbon leakage.
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The asymmetry is striking. Rich countries have the responsibility to 
act immediately to reduce climate-related risks. However, they retain 
considerable bargaining power in the negotiating “game” that will 
determine the form and the extent of developing countries’ coopera-
tion. By taking action today—as distinct from making unenforceable 
promises to act in the future—rich countries position themselves to 
strongly infl uence the institutional structure that will promote future 
participation and compliance by all countries, and also to prevent 
non-participants from undermining the agreement (leakage). These 
institutional changes will involve the use of trade policy, as discussed 
in a later section of this chapter.

Diplomats will fi nd more agreeable language in which to couch this 
asymmetry, but there should be no doubt of its existence. The United 
States in particular has made developing country participation a sine 
qua non of its own engagement. The Obama administration might 
soften that stance, but Congressional approval will likely still require 
developing-country participation. In any case, success in managing 
climate change does require developing-country participation, and 
there is little prospect that rich countries would agree to the large 
transfers that would be needed in order to buy this participation.

Developing countries, particularly China, India, and Brazil, should 
be signatories to a new international climate agreement, in a special 
category as under the Kyoto Protocol. The primary cost of participa-
tion to developing countries in the short run is their acceptance of the 
principle of future obligations to reduce emissions. A secondary cost 
is that they bind themselves to rules of international trade (referred to 
as “trade disciplines”) needed to prevent leakage. Membership also 
entails the responsibility to establish national carbon accounts. These 
accounts will be useful in setting future emission ceilings, assisting in 
monitoring compliance with current disciplines, and as part of the 
process of developing regulatory infrastructure.

Participation confers three types of benefi ts on developing coun-
tries: it gives them a seat at the table in determining their future 
involvement and the current trade disciplines; it provides them with 
immediate benefi ts, including benefi ts derived from technology trans-
fer; and it enhances the prospect of an agreement that will reduce the 
risk they face of climate-related damages in the future (especially given 
their low adaptation abilities). In keeping with our recommendation 
to focus on current actions rather than long-term commitments, our 
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proposal requires that developing countries accept the principle that 
they will reduce emissions in the future, without stating specifi c emis-
sions ceilings.

The agreement can link development and climate objectives. The inter-
national community set Millennium Development Goals (www.un.org/
millenniumgoals) in 2000, and rich countries made commitments to help 
developing countries achieve these goals. Developing countries’ future 
climate-related actions can be conditioned on rich countries’ efforts to 
reach the Millennium Goals. The trade disciplines necessary to prevent 
leakage can be conditioned on technology transfers. The developing 
countries can infl uence these outcomes only if they participate in post-
Kyoto negotiations with a view to becoming signatories to a successor 
agreement. Participation in the CDM or in sectoral agreements and 
technology transfer under such an agreement should be available only 
to signatories, thus creating an immediate benefi t for joining. China, 
India, and Brazil account for 63 percent of current CDM projects and 75 
percent of the expected annual Certifi ed Emissions Reductions (CERs) 
(http://cdm.unfccc.int/Statistics/index.html). Under a new treaty with 
expanded membership from rich countries and stricter emission ceilings, 
the value to developing countries of having the right to participate in the 
CDM market or in sectoral agreements should increase substantially.

In summary, rich countries need to acknowledge their responsibil-
ity for current stocks of GHGs and their greater ability to take the 
fi rst steps to deal with climate risks. It is not, however, in the interest 
of developing countries to claim that their lack of responsibility for 
existing GHG stocks and their relative poverty exempt them from 
all obligations; those facts merely defer their obligations. With an 
emphasis on fairness, a new agreement should establish the principle 
that developing countries will have to reduce their emissions in the 
future, and in the meantime they cannot undermine efforts made by 
developed countries.

Participation and compliance

Nations’ sovereignty limits the world’s ability to design an interna-
tional agreement that compels participation and compliance. Here 
we suggest how to design an agreement at the negotiation stage, in 
order to promote participation and compliance. We interpret the 
 participation that actually occurs as the equilibrium outcome of 
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a  participation “game” in which nations act out of self-interest in 
 deciding whether to join a previously negotiated agreement. The 
absence of a  supranational institution with the ability to punish 
 non-participants means that a non cooperative Nash equilibrium is 
a reasonable equilibrium concept for the participation game. In addi-
tion, we think that a simple  multistage game, rather than a supergame 
or a complicated dynamic game, provides the most useful framework. 
Our choice of a multistage game is consistent with our recommenda-
tion that a post-Kyoto treaty emphasize short-run goals. There are 
also technical reasons for adopting this formulation.2

The basic proposal

Our central recommendation is to include an escape clause in a new 
agreement (Karp and Zhao 2007). A nation that invokes the escape 
clause is exempt from fulfi lling either all or part of the GHG abatement 
stipulated by the agreement. As a practical matter, a partial escape, 
which exempts a signatory from fulfi lling only a portion of its agreed 
abatement, is likely to be more useful than a total escape, which exempts 
the signatory from all abatement obligations. However, the extent of 
the escape is a secondary design issue. We want to explain why the 
escape clause in general provides an important ingredient in the design 
of an agreement. Therefore, for simplicity only, we explain the policy 
assuming that it involves a total rather than a partial escape.

In order to have any effect, an international agreement with a (total) 
escape clause has to attach a cost to invoking the clause. Here, for the 
purpose of a simple illustration, we take this cost to be a monetary 
fi ne, which we denote as F. Nations with different characteristics 
(e.g., wealth, population, carbon intensity) are likely to have differ-
ent agreed levels of abatement and correspondingly different fi nes for 
invoking the escape clause. This heterogeneity complicates the actual 

2 The Folk Theorem of supergames shows that there are typically many non-
cooperative equilibria based on punishment strategies when the game is 
(possibly) repeated an infi nite number of times. Some of these equilibria have 
outcomes that are close to or equal to the outcome under perfect cooperation. 
We do not think that setting an infi nite horizon provides the best modeling 
framework, both because of our emphasis on the short duration of a post-Kyoto 
agreement and because requiring an agreement to provide “renegotiation proof-
ness” can undo the cooperation achieved in punishment equilibria.
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negotiation process, but it adds little to understanding the role of the 
escape clause. Therefore, we consider here the case where potential 
signatories are homogenous; we have in mind the participation game 
amongst developed countries, those who will incur costs during the 
initial post-Kyoto period.

The combination of escape clause and fi ne has an obvious and impor-
tant role in providing insurance against unexpectedly high costs, similar 
to the role of a safety valve in emissions trading. Nations who sign the 
agreement know at the outset that the economic cost of compliance 
does not exceed the magnitude of the fi ne. (A more sophisticated menu 
of partial escape clauses provides even better insurance.) One reason 
for US opposition to the Kyoto Protocol was the uncertain and possibly 
large cost of compliance. There is substantial variation in estimates of 
the economic cost of reducing GHG emissions at the regional, national, 
and international levels (Aldy et al. 2008). Some estimates, particularly 
those advanced by industry groups, fi nd very high costs. Other estimates 
assume that win-win policies abound, leading to low abatement costs. 
The escape clause eliminates, or at least greatly reduces, one reason for 
non-participation. No nation can refuse to participate on grounds that 
the costs may be unimaginably large; with the escape clause, the costs 
cannot exceed F. This insurance property is important, but there are 
other ways of achieving insurance; the chief virtues of the escape clause 
are that it promotes participation and compliance.

If there are n signatories, and if m of these signatories invoke the 
escape clause, total fi ne payments equal mF. An essential feature of 
our proposal is that this revenue is returned to all signatories. In the 
case under consideration, where signatories are identical, each signa-
tory receives revenue in the amount of mF/n. Here we ignore transac-
tion costs, such as those arising from the costs of collecting the fi ne. 
The receipt of a fraction of revenue from the fi ne is an inducement 
to join the agreement. More importantly, a nation that invokes the 
escape clause is reimbursed by the amount F/n, so the actual cost of 
invoking the escape clause is (n-1)F/n. The actual fi ne increases with n, 
the number of signatories. The important consequence of this design 
is that by choosing to participate in the agreement, a nation unilater-
ally increases the fi ne that any other signatory must pay in order to 
invoke the escape clause. Although negotiations that precede country-
level decisions about participation determine the nominal fi ne, F, 
each potential signatory can infl uence other signatories’ actual fi ne, 
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and thus their abatement decisions. A larger number of  signatories 
increases the actual fi ne, making it less attractive to invoke the escape 
clause, and therefore more attractive to abate.

Nations participate in international agreements primarily to infl u-
ence other nations’ behavior, rarely their own.3 Abatement of GHGs 
is a global public good. Each country would like other countries to 
abate. The endogeneity of the actual fi ne gives a potential signatory 
leverage over other signatories. The desire to exercise this leverage can 
provide a powerful incentive to participate in the agreement.

The combined escape clause and fi ne encourage compliance by con-
verting a rather esoteric obligation (GHG abatement) into a familiar 
one, for which international compliance structures already exist. The 
Kyoto Protocol requires signatories to not exceed emissions ceilings, 
but its lack of an effective enforcement mechanism appears (at least 
up to this point in time) to have led to highly imperfect compliance. 
There is no effective sanction for not achieving a target level of abate-
ment. The Kyoto Protocol’s short duration compounds the enforce-
ment problem, because it eliminates the ability to punish current 
breaches by reducing future emissions allowances. The fi ne converts 
the unfamiliar obligation, reduction of GHG emissions, into a familiar 
obligation: payment of an international debt. The default of sovereign 
debt shows that the mechanism for enforcing repayment of this debt 
is not perfect, but perhaps the surprise is that it works as well as it 
does. For example, it appears likely that Canada will not meet its 
Kyoto Protocol obligation, and this event does not seem to cause great 
consternation either within Canada or the rest of the world. Canada is 
less likely to default on an international debt, and certainly would not 
do so in a casual manner.

An important feature of the combined fi ne and escape clause 
is that other signatories actually want to enforce the fi ne when a 
partner invokes the escape clause.4 Thus, although the fi ne does not 

3 There are, of course, counterexamples to this claim. By signing an agreement a 
nation can to some extent tie its own hands regarding its own future behavior. 
In this case, the treaty serves as a commitment device.

4 A signatory might not want to enforce the fi ne if it anticipates invoking the 
escape clause and if it believes that its lack of enforcement will weaken the 
agreement to such an extent that it will in turn not be liable to pay the fi ne. 
However, our proposal requires only that some countries do want to enforce 
the fi ne.
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 completely solve the compliance problem, it greatly reduces that 
problem. We anticipate that there will be some circumstances when a 
nation does want to exercise the escape clause. Therefore, it must be 
possible to collect the fi ne.

Trade sanctions as an alternative to the fi ne

A monetary fi ne is probably the simplest way to limit a signatory’s 
incentive to invoke the escape clause, but trade sanctions provide an 
attractive alternative. Because these sanctions are imposed against a 
partner who willingly entered into the environmental agreement, the 
sanctions are consistent with WTO law. For example, the trade sanc-
tions in the Montreal Protocol are WTO-consistent (United Nations 
Environmental Programme 1999). The WTO dispute resolution mech-
anism also provides a (nearly) ready-made structure for adjudicating 
potential disputes. WTO dispute resolution panels have not previously 
sat in judgment on exactly this kind of dispute, but they have consid-
ered many cases involving environmental restrictions.

Under this alternative, all signatories are entitled to impose trade 
sanctions, of prescribed magnitude, against a signatory that invokes 
the escape clause. WTO law and GATT/ WTO negotiations refer to 
a reduction in tariffs or some other trade liberalization as a conces-
sion that the member country offers other signatories. Violation of 
WTO law entitles the injured party to withdraw a concession from 
the offending party, both as a means of punishment and of compensa-
tion. The use of the term concession and the mindset of many politi-
cians suggest that countries often do view their trade liberalization 
as imposing a cost upon themselves and conferring a benefi t to their 
trading partner. Some countries are reluctant to take advantage of 
their right to withdraw concessions, but withdrawal sometimes occurs 
for an extended period, e.g., in the US-EU beef hormone dispute.

The use of trade sanctions has most of the ingredients of a mon-
etary fi ne. An increase in the number of signatories increases the cost 
of invoking the escape clause, because the addition of a signatory 
increases the number of countries that can legally impose trade sanc-
tions. Signatories have an incentive to demand payment, in the form of 
withdrawing concessions. Trade sanctions convert an esoteric obliga-
tion, for which there is no obvious penalty for non-compliance, into 
an obligation with a familiar penalty. There is an existing institutional 
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framework, the WTO dispute resolution mechanism, for adjudicating 
disputes.

A minor difference is that the monetary fi ne puts an absolute cap on 
the cost of joining, equal to the cost of the nominal fi ne. The actual 
cost of exercising the escape clause approaches this nominal fi ne as the 
number of members increases. The use of trade sanctions, in contrast, 
puts a fl exible ceiling on the dollar cost of exercising the escape clause. 
If more countries join, and each signatory can impose a trade sanction 
of prescribed value on any country that exercises the escape clause, 
the actual cost of exercising the escape clause can grow large. This 
difference is minor, however, because the prescribed value of the trade 
sanctions can depend on the number of members, in order to prevent 
the total cost of the trade sanctions from exceeding a given limit.

The alternative of using trade sanctions has two real disadvantages 
relative to a monetary fi ne. First, regardless of whether nations think 
that they benefi t by withdrawing a concession, in most cases this 
action harms them. In contrast, receiving a portion of the revenue 
from fi ne payments clearly makes a nation better off. Thus, using 
trade sanctions creates a net welfare loss, whereas the fi ne is simply a 
transfer payment. Second, trade sanctions are more complicated than 
a monetary fi ne, partly because disputants can question the monetary 
value of the trade sanction. However, the dispute resolution panels 
have practice in dealing with this issue.

Two other considerations offset these disadvantages. First, there is a 
psychological/political factor. In the event that a nation does want to 
exercise the escape clause, it might be diffi cult for its population and 
politicians to accept that it must pay the monetary fi ne. Even though 
the nation had willingly entered into the contract that requires this 
payment, there may be too much domestic opposition for the payment 
to actually be made.5 Moreover, even if the nation does pay the mon-
etary fi ne, it might compensate by reducing other contributions to 
global public goods or to development assistance. Thus, the fi ne may 

5 There is an important difference in the political diffi culty of concluding an 
agreement that requires payments of fi nes to signatories in certain contingen-
cies, and the political diffi culty arising from making transfers to developing 
nations to induce them to reduce emissions. The latter transfer is asymmetric 
and certain at the time of the agreement. In contrast, at the time of the agree-
ment the former transfer is only a possibility. Moreover, there is symmetry 
because in some contingency the country receives fi ne payments.
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not involve a real cost to the nation. Trade sanctions carry their own 
baggage, but they may be psychologically and politically easier to tol-
erate compared to a monetary fi ne.

The second advantage of this approach is that it introduces trade 
policy as a means of promoting environmental objectives. Importantly, 
it does so in a manner that is legal under existing WTO rules. Thus, 
using the trade alternative during the post-Kyoto years will help set the 
stage for a more ambitious and more contentious use of trade policy.

Other considerations

Other features of the proposed agreement will also promote one or 
more of the goals of effi ciency, participation, and compliance. These 
are noncontroversial, so we merely mention them.

GHGs are stock pollutants, so actual damages or risks depend on 
aggregate emissions over an extended period, rather than emissions 
within a period. When abatement costs fl uctuate over time, it is effi cient 
to allow countries to bank and borrow emissions credits. Therefore, we 
support the creation of an intertemporal market, for the same reason 
that—as discussed in a later section of this chapter—we support an 
international market in emissions permits. Intertemporal markets might 
lead to excessive emissions in early periods (Kling and Rubin 1997), so 
it is important that policymakers choose the right intertemporal trading 
ratio for emission credits (Yates and Cronshaw 2001; Feng and Zhao 
2006). These markets provide limited benefi ts when governments and 
fi rms have symmetric information about abatement costs. To avoid the 
obvious moral hazard problem, a nation that owes emissions credits is 
not allowed to sell credits on the international market.

The Kyoto Protocol entered into force only after reaching a ratifi -
cation threshold. This kind of conditionality is a means of encoura-
ging participation. We are not opposed to using a similar device in a 
post-Kyoto agreement, but we are skeptical of its effi cacy. We discuss 
Russia’s contribution to reaching the Kyoto threshold in a later 
section.

A similar but perhaps more useful device is to condition the level 
of abatement to be undertaken by members on the actions of non-
members. The European Union is using this strategy in an attempt 
to encourage US participation. There appears to be little risk to this 
strategy, but we do not expect it to make a substantial contribution 



A proposal for the design of the successor to the Kyoto Protocol  545

to the success of a new international agreement. However, a viable 
 strategy may be to link the actions of non-members during a next 
agreement to the design of future agreements. For instance, partici-
pants in a post-Kyoto agreement might commit to joint efforts, as a 
group, to link participation in the next (post-post-Kyoto) agreement 
with trade sanctions if there is suffi ciently severe carbon leakage 
during the post-2012 period.

Extending the role of trade policy

The next international agreement should recognize the importance of 
trade reform in achieving climate-related objectives. This reform has 
two themes. First, it encourages the liberalization of markets for green 
products and technology. Second, it provides levers that promote 
membership and compliance while discouraging non-signatories from 
undercutting the agreement. There is an obvious tension between the 
two reforms, because one discourages trade restrictions and the other 
permits the extension of these restrictions. Therefore, it is important 
to be clear that the objective of both reforms is to achieve an economi-
cally effi cient climate change agreement. The negotiations leading to 
a successor agreement to Kyoto may make only modest progress in 
achieving these reforms, but the agreement should clearly state the 
underlying principle.

The benefi ts of liberalizing markets for green products and technolo-
gies are non-controversial and potentially large. It may be diffi cult to 
achieve this liberalization, for the same reason that it is diffi cult to reform 
other sectors where signifi cant distortions remain, such as agriculture. 
Support for the principle of open markets in a new climate treaty should 
include a criticism of the infant industry argument and other justifi ca-
tions for trade restrictions. For example, the US tariff on biofuels is a 
component of US agricultural policy, although supporters of this tariff 
invoke the infant industry argument. Removal of the tariff would make 
it easier to achieve a sensible policy for biofuels, in addition to benefi ting 
exporters like Brazil. In the developing countries, removing trade restric-
tions on clean energy technologies could lead to substantial economic 
gains and to reductions in GHG emissions (World Bank 2008).

The second type of reform, which would make it easier to use 
trade as a lever to achieve climate objectives, is controversial. 
Environmentalists and trade economists have debated for years 
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whether the mandate of the WTO should be extended in an attempt 
to infl uence environmental policy (Guzman 2002, Cone 2002). Until 
recently at least, trade economists have broadly opposed such an 
extension. Under WTO rules, the agreement of all members would be 
required, an unlikely outcome given the opposition of many develop-
ing countries. Even if such WTO members could reach a consensus, 
economists’ general view has been that the gains from trade are so 
great, and so vulnerable to erosion, and that the dangers of climate 
change are so modest, that the environmental tail should not try to 
wag the trade dog. As long as this perception persists, it makes sense 
to quarantine environmental objectives from trade policy. An alter-
nate view is that globalization of world markets is on a sound footing 
and that the risks of climate change are substantial. Under this view, 
it makes sense—even to an economist who understands the Principle 
of Targeting—to use trade policy to achieve environmental goals.6

Trade policy can be linked to environmental policy in order to 
encourage participation in a climate agreement; it can also be used to 
encourage signatories to comply and to prevent non-signatories from 
undermining an agreement. The most aggressive use of trade policy—
requiring participation in a climate agreement in exchange for access 
to markets—is unlikely to be productive at this time and should be 
discouraged. It is better to use positive incentives, such as the right 
to participate in the CDM market and easier access to green technol-
ogy, as means of encouraging membership. However, the agreement 
should allow trade taxes that discourage nations from undermining 
carbon reductions achieved elsewhere. In 2007 EU politicians pro-
posed a Kyoto tax, aimed primarily at the United States. EU Trade 
Commissioner Mandelson opposed this tax, partly on grounds that it 
would be politically counterproductive. World Bank simulations show 
that the tax would have led to a substantial reduction in US exports 
to the European Union (World Bank 2008). We support a Kyoto tax, 
largely for political reasons, as discussed below.

Carbon leakage is the process by which stricter emissions standards 
in one place encourage higher emissions elsewhere, as production of 

6 The Principle of Targeting emphasizes the importance of matching policy 
instruments with their objectives. In particular, it implies that trade policy is 
rarely the best instrument for correcting market failures such as environmental 
externalities.
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 GHG-intensive goods moves to places with weaker  environmental 
 standards (Kallbekken 2007). The magnitude of carbon leakage is uncer-
tain, but some estimates put it at less than 20 percent (Intergovernmental 
Panel on Climate Change 2001). Carbon leakage is an example of the 
pollution haven effect; the empirical evidence for this effect is mixed but 
generally quite weak (Copeland and Taylor 2003, 2004). The weakness 
of the evidence may be partly because the magnitude of past changes 
in environmental policy has not been great enough to have an appreci-
able effect on the location of industry, and partly because of statistical 
and measurement problems. It would be rash to conclude, based on 
evidence to date, that the policies needed to achieve substantial GHG 
emissions reductions would cause only modest leakage of emissions. 
Politicians in signatory countries would be reluctant to undertake the 
experiment needed to obtain stronger statistical evidence.

Trade policy provides the best hope of encouraging countries to 
join a climate change agreement and of persuading policymakers in 
signatory countries that they can achieve substantial reductions in 
GHG emissions without signifi cant leakage and accompanying job 
losses (Stiglitz 2006). This reorientation of trade policy carries with it 
the well-recognized risk of protectionist policies disguised as environ-
mental policies (environmental protectionism), for which there is no 
simple inoculation. The extent of this risk is a matter of dispute. The 
evidence of the past thirteen years shows that the WTO is capable of 
taking a nuanced view of the relationship between trade and environ-
mental protection (Neumeyer 2005). WTO dispute resolution panels 
have been willing to designate as disguised protectionism some policies 
ostensibly aimed at environmental health, e.g., in the disputes between 
the United States and the European Union involving hormone-fed beef 
and genetically modifi ed organisms (GMOs). However, the WTO does 
not instinctively regard environmental policies that restrict trade as 
disguised protectionism. The Appellate Board’s 1998 decision in the 
shrimp and turtle case recognized the legality of trade restrictions used 
to protect the global environmental commons. Some trade economists 
were concerned that this decision would lead to environmental pro-
tectionism against developing countries (Bhagwati 2004), but there is 
little evidence of this occurring.

The shrimp-turtle decision provides modest but insuffi cient scope 
for using trade policy to achieve environmental goals within the 
 confi nes of existing WTO law. Moreover, precedence has little force in 
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WTO and other international law. Other aspects of WTO law directly 
oppose using trade policy for environmental goals. The WTO allows 
countries to make border tax adjustments (BTAs) to offset domes-
tic taxes, including those designed to achieve environmental goals. 
However, BTAs can offset only direct taxes. For example, a carbon tax 
could be offset if carbon were directly exported, but it is questionable 
whether adjusting the price of a product that embodies carbon is legal 
under WTO. Pauwelyn’s (2007) detailed review of this legal question 
suggests that border tax adjustments do not offer a reliable means of 
guarding against carbon leakage.

One route to introducing trade policy as a lever for international 
climate policy is to revise the WTO. Most developing countries would 
probably oppose this revision. The developed countries succeeded in 
including intellectual property protection (TRIPS) in the WTO, and 
they failed to obtain a multinational investment agreement (MIA). 
Both measures faced developing-country opposition. Thus, reforming 
the WTO to accommodate trade policies that prevent carbon leakage 
and encourage reductions in GHGs is likely to be diffi cult. On the other 
hand, these measures are arguably more important to developed coun-
tries than either TRIPS or the MIA, and they benefi t developed coun-
tries, even if the benefi t/cost ratios are different for the two groups.

Developed countries would argue that expanding the legal use of 
trade policies increases the prospect of a successful climate change 
agreement, and that developing countries will be among the princi-
pal benefi ciaries of a successful agreement. Developing countries are 
likely to regard this argument as paternalistic, and to think that the 
expansion harms them. The situation with TRIPS was analogous, but 
the evidence on the side of the developing countries’ position in that 
case was stronger. During the Uruguay Round, which negotiated the 
WTO, developed countries made concessions in their agricultural pol-
icies partly to persuade the developing countries to accept TRIPS. For 
the reform that we advocate, the quid pro quo could be other changes 
that promote reductions in GHGs. Perhaps the best example of such a 
change is the relaxation of licensing restrictions for technologies that 
reduce carbon emissions.

An alternate and probably more practical way to introduce the trade 
lever is to include it in a new climate agreement rather than as part of 
WTO reform. We noted above that the use of trade sanctions would be 
legal under current WTO law, provided that the sanctions are imposed 
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against a signatory to the climate agreement and are  consistent with 
that agreement. We propose that the agreement entitles signatories 
to impose a border tax adjustment against other signatories in order 
to offset a cost disadvantage, above some minimal level, caused by 
stricter climate policies. Climate change policies might lead to small 
cost increases over much of the primary and secondary sectors, but 
the inclusion of a minimum threshold (below which costs increases are 
ineligible for a border tax adjustment) will prevent a general increase 
in tariffs. In practice, the few sectors that face substantially higher 
costs because of environmental measures receive offsetting subsidies 
designed to protect those sectors. These offsetting subsidies must be 
included in the calculation of the border tax, so that this tax provides 
compensation for the environmental policy’s net costs to the domestic 
industry. This modifi cation limits the ability to use the border tax 
adjustment as a means of disguised protectionism. Signatories would 
have the right to object to border tax adjustments using the WTO 
dispute resolution process. Thus, the border tax adjustment protects 
against carbon leakage for only those sectors that face the greatest 
costs of complying with climate policy.

In view of the requirement to include offsetting subsidies, and the 
discipline imposed by the WTO process, the aggregate effect of the 
border tax adjustment might be quite small—as we would hope. 
However, the political effect could still be substantial, by making it 
harder to argue that carbon leakage undercuts domestic reductions in 
GHG emissions and harms domestic industries.

Under our proposal, a signatory can impose border tax adjustment 
only against other signatories. It would most likely be used when 
trading partners have very different climate-related obligations, as 
with trade between developed and developing countries. This fact 
makes it particularly important to obtain developing country partici-
pation. Although developing countries are not required to reduce their 
emissions in the initial post-Kyoto period, the border tax adjustment 
limits their ability to take advantage of emissions-reduction activities 
undertaken by developed countries.

Tradable emissions

International trade in emissions permits can provide a means of trans-
ferring income from one signatory to another (McGinty 2007) and 
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it can increase effi ciency when there is uncertainty about abatement 
costs (Webster et al. 2007). However, the use of tradable permits has 
an ambiguous effect on the incentive to impose strict emissions limits 
and it can discourage participation in an agreement. We discuss these 
trade-related issues here.

Emissions trade as an indirect side payment

When abatement costs are known with certainty, the correct allocation 
of permits achieves effi cient abatement without trade. Trade can still 
be useful because, together with the allocation of permits, it provides 
a means of making a side payment, or bribe, to induce more countries 
to join the agreement. It is unlikely that Russia would have joined the 
Kyoto Protocol in the absence of this kind of transfer.

There may be future cases where permit allocation and the option 
to trade can encourage membership. However, we think these induce-
ments should not play an important role in promoting participation 
in a post-Kyoto agreement; rather, we recommend using the CDM 
or sectoral agreements as means of achieving effi cient reductions in 
developing-country emissions. The CDM achieves GHG reductions 
on a project-by-project basis, limiting its ability to achieve reductions 
on the scale needed to address climate change. Sanchez (2008) and 
Niederberger (2008) discuss the possibility of scaling up the CDM in 
transportation and energy effi ciency. Ward (2008) discusses the use of 
“sector no-lose targets,” which set sectoral emissions targets in devel-
oping countries and reward the host country for exceeding the goal. 
Baron et al. (2007) describe sectoral approaches for iron and steel, alu-
minum and cement. Victor (2008) doubts that the CDM has a useful 
role in the post-Kyoto period, and proposes instead a sectoral approach 
he calls the “climate access deal.” Due to space limitations, we do not 
attempt to summarize and evaluate these proposals here. However, we 
agree with the general point that, as currently constituted, the CDM is 
not adequate either to achieve the necessary scale of reductions or to 
induce developing-country participation in a broader agreement.

A simple example shows why the CDM (or sectoral agreements) 
can achieve the same outcome as that obtained using side payments 
via trade. Suppose that two groups of countries, A and B, would 
each produce 200 units of emissions under business-as-usual (BAU) 
 conditions, and that the effi cient way to reduce emissions by 100 units 
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is for each group to reduce emissions by 50 units. Members of group 
A (the developed countries) agree to set a ceiling of 100 units of emis-
sions, thereby achieving a 100-unit reduction. Under the CDM or a 
sectoral agreement, group A can pay group B (the developing coun-
tries) to achieve a 50 unit reduction, and achieve the balance of the 
target domestically. In the interest of specifi city, assume that group A 
captures all of the surplus from this exchange. Alternatively, suppose 
that the two groups both join the agreement, and they split the total 
allocation of 300 units of emissions permits in such a way that, after 
trade, members of group B have the same level of welfare as under 
business as usual.

In this example, the fi rst alternative has only group A agree to 
reduce emissions, and it uses the CDM or a sectoral agreement to 
achieve the effi cient allocation; the second alternative uses the alloca-
tion of permits together with trade to bribe group B to agree to reduce 
emissions. The outcome is the same. This example assumes that, under 
both alternatives, group A captures all the surplus from achieving the 
emissions reduction effi ciently. Of course, there is no reason to assume 
that the division of surplus is the same under the two alternatives, but 
neither is there a presumption that one alternative leads to a division 
of surplus more favorable for one of the groups.

This example shows that the CDM or sectoral agreements can 
achieve the same effi cient outcome as using allocation and trade to 
induce membership. One might argue that there is an inherent advan-
tage in having group B commit to a binding emissions ceiling, possibly 
as a means of promoting increased participation in the future. There 
are offsetting reasons, however, for preferring continued reliance on 
the CDM or on a mechanism based on sectoral agreements. There 
is considerable uncertainty about the level of permits that would 
be required to compensate developing countries for agreeing to an 
emissions ceiling, because neither the developing nor the developed 
countries know the future price of permits or future abatement costs 
within the developing countries. There is much less uncertainty about 
the costs of a collection of CDM projects, because these are negotiated 
individually and over a period of time (rather than at the time that a 
new post-Kyoto treaty is signed). Therefore, it is simpler to negotiate 
developing-country participation in a collection of CDM projects, 
compared to inducing them to participate as full members in a succes-
sor agreement. Similarly, proposals such as sector no-lose targets do 
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not subject the developing country to risk. The environmental benefi t 
of reduced emissions is uncertain, regardless of the mechanism that 
achieves this reduction.

Inducing membership by means of permit allocation and trade is 
also a bad idea because it obfuscates what should be kept clear, and it 
makes transparent what should be left vague. The extent of a nation’s 
sacrifi ce should be kept clear. Russia did not make a sacrifi ce by rati-
fying the Protocol, but it scored political points from the European 
Union by joining. (One hypothesis is that Russia’s adherence to the 
Protocol was a quid pro quo for EU support of Russia’s accession to 
the WTO.) The European Union wanted Russia to join in order to 
achieve the threshold necessary for the Protocol to come into force, 
thereby increasing pressure on the United States. If it is worth includ-
ing a threshold level of membership in the terms of the agreement, 
then it should not be possible to reach the threshold by legerdemain.

The extent to which a climate treaty results in transfers from rich 
to developing countries should be kept vague. If developing countries 
are induced to join by means of the allocation of permits and trade, it 
will be apparent to citizens and politicians in the rich countries that 
they are paying the developing countries for the right to emit GHGs. 
This recognition will undercut popular support for the agreement. To 
the extent that developing countries obtain surplus in a CDM transac-
tion or sectoral agreement, there is also a payment from the rich to the 
developing country. This kind of payment is not as likely to produce a 
public outcry in rich countries.

The discussion above contemplates the possible use of permit alloca-
tions and trade to induce developing countries to agree on emissions 
reductions. Some countries may be on the cusp between joining and not 
joining, and the allocation of permits together with trade might be enough 
to persuade them to join. However, JI can be used with these countries 
to achieve effi ciency, just as the CDM is used with developing countries. 
For the reasons given above, it is better to induce these countries to join 
by giving them an allocation of permits acceptable to them, rather than 
manipulating the allocation so that they will gain from trade.

Emissions trade to account for cost uncertainty

Thus far we have considered the role of tradable emissions in inducing 
membership; we recommend, however, that emissions trading not be 
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used for this purpose. The other role of trade is to achieve effi ciency 
ex post (after negotiation and ratifi cation). Even if the allocation was 
chosen so that, in expectation, trade balances are zero, there would 
still be scope for trade because actual marginal abatement costs are 
random. We favor allowing international trade in permits in order to 
take advantage of the potential effi ciency gains that arise from this ran-
domness. Of course, to the extent that commodity trade is a substitute 
for factor trade (i.e., to the extent that the factor price equalization 
theorem holds), trade in emissions permits is not necessary to achieve 
effi ciency. There are two other points concerning emissions trade.

The effect of emissions trade on the incentive to abate

Although our proposal for a successor agreement to Kyoto requires 
that ceilings on emissions are determined at the negotiation stage, 
prior to ratifi cation, we recognize that there may be some adjustment 
in ceilings once membership has been determined.7 How does the 
ability to trade permits affect participants’ incentive to adjust their 
abatement levels? An instinctive answer (for an economist) is that 
because trade enhances effi ciency, making it cheaper to achieve any 
given level of abatement, trade is likely to encourage greater levels of 
abatement. This answer is correct if society has a budget for abatement 
and chooses the highest level of abatement consistent with that budget. 
The answer is not correct in general if society chooses the optimal level 
of abatement by balancing marginal benefi ts and costs. Although trade 
certainly lowers total and average costs (when countries have different 
costs), it can either lower or increase marginal costs. Thus, the effect of 
trade on the incentive to abate is ambiguous in general (Karp 2008).

A simple example (based on our work in progress) shows why trade 
might reduce the incentive to abate. Suppose that each country has the 
ability to abate at most one unit. Marginal costs in each country are 
constant, up to the one-unit capacity. Each country obtains one unit 

7 Standard models in the theoretical literature on international environmental 
agreements assume that the level of abatement is chosen only after countries 
have decided whether to join (Barrett 2003, Carraro and Siniscalco 1993). The 
basis for this timing assumption is the belief that countries cannot make com-
mitments at the negotiation stage that would not be in their interest to honor 
once they had ratifi ed. We think that this is too extreme a view of countries’ 
inability to make commitments, but there is some truth to it. Hence, we recog-
nize that there may be adjustments after ratifi cation occurs.
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(e.g., $100 billion) of benefi t for one unit of abatement,  regardless 
of where abatement occurs, because the pollutant is global. Each 
country’s cost is a random variable with support greater than 1 and 
expected value equal to 2. (Costs are in the same units as benefi ts, so 
2 represents $200 billion.) To keep the example simple, suppose that 
the costs are independently distributed.

After having decided whether to participate in the agreement, a 
country learns its own costs, but this information is not verifi able, so 
the group decision cannot be conditioned on realizations about indi-
vidual cost. (Countries would have an incentive to exaggerate their 
costs, in order to be assigned a lower required level of abatement.) 
Since the benefi t to a country of abatement is 1 and the actual cost is 
always greater than 1, it is not in any country’s self-interest to abate.

Suppose that there are three signatories and that an agreement 
requires each signatory to abate at its maximum level. We are now at 
the adjustment stage where the signatories decide collectively whether 
to modify or even eliminate the target. Suppose that, as with most par-
ticipation games in this literature, a supranational agent who wants to 
maximize the collective welfare of the signatories while ignoring the 
welfare of non-signatories makes the adjustment decision.

First, consider the case where international trade in permits is not 
permitted, because, for example, the countries did not develop the 
institutional structure needed to govern this trade. In this case, it is in 
the collective interest of the signatories to carry out the agreement: the 
expected total costs are 3 × 2 = 6 and the total benefi ts are 3 × 3 = 9.8 
Suppose instead that the countries are able to trade permits amongst 
themselves. In this situation, the statistical problem is a bit more com-
plicated. The collective marginal benefi t of a unit of abatement is 3 
(since each participant obtains the marginal benefi t of 1). If the expecta-
tion of the highest cost (the third order statistic) is greater than 3, and 
the expectation of the second-highest cost (the second order statistic) 
lies between 2 and 3, then it is optimal for the countries to agree on 
only two units of abatement. Since costs are not verifi able, the group 
requires each country to achieve two-thirds of one unit of abatement, 

8 The assumption of constant marginal costs and constant marginal benefi ts 
means that in the absence of trade it is always in the interest of countries that 
ratify the agreement to either abate to capacity or not to abate at all.
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and allows them to trade in order to achieve this target. In this example, 
the ability to trade reduces the total level of abatement by 33 %.

The effect of emissions trade on the incentive to join

The anticipation that a supranational agent will adjust the required 
level of abatement—conditional on actual membership—and that 
emissions permits will be tradable, has a more subtle effect on incen-
tives to join an agreement. The Nash equilibrium to the participation 
game requires that participants do not want to leave the agreement, 
and non-participants do not want to join. These calculations involve 
the different payoffs of participation to members and non-members.

Moving from a regime that prohibits trade in permits to one that 
allows trade changes the payoffs to both members and non-members. 
In an earlier paper we conjectured that this change would reduce the 
equilibrium membership (Karp and Zhao 2007), and work-in-progress 
confi rms that conjecture. Because world welfare is very sensitive to the 
aggregate amount of abatement, and much less sensitive to whether coun-
tries achieve this abatement in the most effi cient manner, allowing trade 
is likely to reduce aggregate welfare as well as aggregate abatement.

The previous subsection noted that trade can reduce the amount 
of abatement, conditional on the level of participation, and this 
 subsection notes that trade can also reduce the level of participation. 
These theoretical possibilities—together with the reasons for not 
using emissions trading to provide a mechanism for side payments 
to induce membership—are strong enough to make us skeptical that 
 international trade in permits will contribute signifi cantly to the 
design of a post-Kyoto climate agreement. However, trade does have a 
place in achieving the effi cient reduction of emissions, and we support 
its use for that limited purpose.

The optimal form of regulation

Several papers examine the optimal form of regulation for stock pol-
lutants such as GHGs when regulators are imperfectly informed about 
fi rms’ abatement costs (Hoel and Karp 2001, 2002; Newell and Pizer 
2003; Karp and Zhang 2006). The usual comparison is between taxes 
and cap-and-trade programs. The consensus from this literature is that 
taxes are more effi cient than cap-and-trade policies for  controlling 
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GHGs. There are several reasons for this conclusion, but the most 
fundamental is that the evidence supports a relatively fl at marginal 
damage curve for GHGs. Although the qualitative conclusion that 
taxes are more effi cient than cap and trade is quite robust, the magni-
tude of the gain from using taxes depends on the variance of the cost 
uncertainty, a parameter that is itself very uncertain. A more compli-
cated policy, e.g., an optimal two-part tax (equivalent to a cap-and-
trade system with a price ceiling), could obviously dominate either a 
simple tax or a cap-and-trade policy with no price ceiling.

Based on this research, we encourage nations to use a tax rather 
than cap-and-trade approach to achieve their national targets. Other 
authors, examining the same evidence, prefer a cap-and-trade policy 
to a tax policy (Stavins 2008). Public distaste for taxes, the lack of 
public understanding of the price effects of the two types of policies, 
and the political power of carbon-intensive industries are such that 
most countries are likely to opt for a cap-and-trade policy—or even 
worse, a command-and-control policy. This choice is of second-order 
importance when considering the goal of obtaining an agreement that 
imposes mandatory ceilings on national GHG emissions. Nations 
should be allowed to choose how to comply with these ceilings.

If, as in our view, taxes are more effi cient than quantity restrictions, 
why do we support an agreement that uses country-specifi c emissions 
targets, rather than a global carbon tax? In fact, a global carbon tax 
is probably a more effi cient means of achieving emissions reductions 
(Norhaus 2007). However, we think that an agreement that uses 
quantity restrictions has a much better chance of being negotiated and 
ratifi ed than one based on a global tax. Perhaps a second successor to 
Kyoto will use taxes.

Conclusion

Our design for a new, post-2012 international climate agreement 
includes many of the important features of the Kyoto Protocol. We 
regard it as absolutely essential that a next agreement involve manda-
tory emissions ceilings. We support the continued development and 
use of the CDM and JI, and the likely extension to sectoral policies. 
To maintain fl exibility, the specifi c requirements under a new treaty 
should apply to the next decade. The next agreement should acknowl-
edge that it is one of a sequence of projected agreements.
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Our proposal departs from the Kyoto Protocol in two main respects. 
First, our design includes an escape clause, which has three desirable 
features. The two most important features are that it encourages 
membership and it helps to solve the enforcement problem. The escape 
clause also caps the potential cost of joining the agreement.

The second departure is that our design recognizes that trade policy 
must eventually be used in order to prevent leakage and possibly also 
to induce countries to join the agreement. Trade economists may 
blanch at this proposal, but the changing relative costs of weakening 
the trade order versus risking environmental catastrophe make it a 
necessity. All countries, including developing countries that are not 
responsible for existing GHG stocks but that are partly responsible for 
increasing stocks, must also come under the discipline of an interna-
tional climate agreement.
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18 Reconciling human development 
and climate protection

A Multistage Hybrid Climate Policy 
Architecture

Jing Cao*

Introduction

Human activity is causing irreversible harm to the climate system and 
the global environment. According to the Intergovernmental Panel on 
Climate Change (IPCC 2007), the earth’s average surface temperature 
has increased by 0.7 degrees Celsius (°C) in the last century. Observable 
indicators of this change include rising sea level, declining snow cover, 
glacier melt, and so forth. Avoiding a future catastrophic climate 
crisis will require the global community to establish a valid and effec-
tive global climate policy architecture. Global emissions will have to 
be brought rapidly under control to stabilize atmospheric greenhouse 
gas (GHG) concentrations at roughly 450 parts per million (ppm) 
carbon dioxide (CO2) equivalent—the stabilization target thought to 
be necessary to prevent global mean temperatures from exceeding the 
widely endorsed 2°C threshold (Scientifi c Expert Group 2007; Stern 
2006). To achieve this target, any international climate regime ought 
to balance considerations of effi ciency and equity—that is, it ought to 
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solve the emission reductions, economic growth, and humanitarian 
problems of climate change at the same time.

As the fi rst step in the international community’s battle with climate 
change, the Kyoto Protocol—after endless negotiations over the last 
two decades—has failed to deliver aggressive emission reductions; on 
the contrary, global emissions are still rising. Given the lessons from 
past Kyoto negotiations, we can lay out the key challenges for a new 
post-Kyoto climate regime.

First, a successful climate agreement will require that actions to 
reduce GHG emissions take place in both the developed and develop-
ing world, thus achieving effi ciency by equalizing the marginal cost of 
abatement and avoiding carbon leakage. Engaging developing coun-
tries in a cooperative effort to mitigate climate change in turn requires 
giving them incentives to commit to undertaking emission reductions 
that are aligned with their self-interests.

Second, a credible climate agreement ought to reconcile economic 
development and equity considerations. Developed countries should 
accept their historical responsibility for the current stock of GHGs in 
the atmosphere. Developing nations should be able to safeguard a right 
to balance sustainable development needs with climate protection.

Finally, successful treaties must create adequate incentives for 
compliance, bring about signifi cant technological change, stimulate 
substantial fi nancial transfers to facilitate low-carbon actions, rely on 
practical measures and realistic negotiating processes, and build on 
existing institutional and legal architectures.

Currently, discussions of a promising international climate policy 
architecture that addresses the design challenges mentioned above 
have focused on three major categories of policies: (1) a “Kyoto 
successor” approach that incorporates key characteristics from the 
existing Kyoto framework with some modifi cations; (2) a brand 
new approach that replaces the Kyoto framework completely; or 
(3) a portfolio of international treaties that link multitrack climate 
agreements to address various sectors, gases, and key issues. In addi-
tion, since climate change poses such fundamental and complicated 
challenges, numerous studies have focused on specifi c design details, 
including issues such as targets and timetables, burden sharing, choice 
of policy instrument (e.g., harmonized carbon tax vs. linked cap-and-
trade systems), technology transfer, geo-engineering, enforcement 
mechanisms and sanctions, sectoral approaches, and so forth.
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In this chapter we describe a multistage hybrid climate policy 
architecture, which provides a top-down structure, in the sense 
that it  establishes an overall global binding target, but also includes 
 bottom-up elements in the form of a hybrid “climate club”  framework 
to  facilitate  real-world climate negotiations and encourage the 
 engagement of developing countries. This proposal conserves but 
improves some aspects of the Kyoto Protocol, including fair burden-
sharing principles reconciling effi ciency and equity, and other design 
details that are likely to be important from the perspective of develop-
ing countries, as well as how these building materials can be coher-
ently embedded into the big picture of multistage hybrid climate 
architecture.

The chapter is structured as follows. In the next section we intro-
duce and more thoroughly explain the overall structure of the multi-
stage hybrid climate policy architecture we propose. In the third 
section we lay out key design issues, including a modifi ed Greenhouse 
Development Rights framework originally developed by Baer et al. 
(2007) to reconcile human development and climate protection; and 
issues related to technology and fi nancial transfer, penalty for non-
compliance, and adaptation. Before concluding, in the fourth section 
we use China as an example to shed some light on how developing 
countries may coordinate their balanced path reconciling economic 
growth and climate protection, by reforming domestic policies, institu-
tional and enforcement mechanisms, and coordinating with the global 
community on abatement efforts.

A multistage hybrid climate policy architecture:
an overview picture

In this section, we provide an overview of our proposed multistage 
hybrid climate policy architecture. First, we sketch out a multistage 
timetable for negotiating differentiated long-run and short-to-medium 
run commitments based on countries’ unique characteristics, histori-
cal emissions, and stage of development. In particular, we discuss why 
an incremental evolution involving intermediate transition stages 
is necessary and what criteria for graduation thresholds are under 
discussion in academic circles. Then we focus on the hybrid organi-
zational and institutional framework, and discuss how it might work 
in practice.
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A multistage approach

Climate change is a long-term challenge characterized by uncertainty 
in both science and economics. Thus, climate change negotiations 
should not focus on a short-term fi x but rather on long-term concepts. 
However, it is not realistic to negotiate an agreement over 50 or 100 
years or even a longer time frame. Thus, a realistic climate change policy 
structure would ideally provide for multiple stages with a long time 
horizon but accessible and relatively short-term targets for each stage.

Currently, many researchers have proposed that international 
climate change negotiations be structured in multiple stages, featuring 
differentiated targets and commitments, with countries participating 
either through a continuous process of graduation and deepening 
(Michaelowa 2007) or in discrete stages. The latter approach was fi rst 
developed by Gupta (1998) and has subsequently been elaborated 
further, both quantitatively and qualitatively, by numerous research-
ers (see, for example, Berk and den Elzen 2001, Blanchard et al. 2003, 
CAN 2003, Criqui et al. 2003, den Elzen et al. 2003, Gupta 2003, 
Höhne et al. 2003, Ott et al. 2004, Blok et al. 2005, den Elzen 2005, 
den Elzen et al. 2007, Höhne et al. 2005, Michaelowa et al. 2005, den 
Elzen et al. 2006, Höhne 2006).

A long-term, multistage international climate negotiation frame-
work can easily be adapted to changing circumstances as we resolve 
uncertainties in the future with respect to scientifi c knowledge on 
climate change, mitigation, and/or adaptation costs, and technology 
breakthroughs. In addition, by dividing countries into groups with dif-
ferent targets and timetables, and different levels of mitigation efforts, 
such a proposal can engage more countries to participate, and ensure 
that countries with similar circumstances in terms of development 
capacity and emission responsibilities face comparable requirements.

To engage more developing countries, reconcile economic devel-
opment and equity considerations, create adequate incentives for 
compliance, and initiate a more realistic negotiation process based 
upon existing institutions and mitigation practices, a promising future 
climate architecture should include the following stages:

In the fi rst stage, all member countries would agree on a path of 1. 
future global emissions that leads to an acceptable long-term stabi-
lization goal. Developed countries ought to increase the  stringency 
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of their binding Kyoto emissions reduction commitments and 
achieve concrete emission reductions. The developing countries, in 
particular low and lower-middle income developing countries, and 
some upper-middle income developing countries,1 would continue 
to follow their unconstrained emission path during this stage.
In the second stage, developing countries would focus on “no 2. 
regrets” mitigation options that prioritize local sustainable devel-
opment. Sustainable development measures should include gradual 
phase-out of ineffi cient and energy-intensive equipment, “no regrets” 
GHG mitigation options, and new investment and standards aimed 
at both economic development and environmental objectives. 
At this stage, developing countries would still be exempted from 
quantitative emissions targets, but policy commitments on emission 
reductions would be strongly encouraged to mitigate carbon leak-
ages, along with further expansion of CDM2 projects with moder-
ate fi nancial and technological fl ows from developed countries.
In the third stage, developing countries would take on moderate 3. 
emissions targets that are only binding in one direction. Based on 
a globally agreed credible burden-sharing mechanism and gradu-
ation threshold, developing countries would take on moderate 
targets based on their capacities and responsibilities. These targets 
would be binding in only one direction—that is, if emissions are 
below the target (reductions are greater than expected), the excess 
allowances can be sold in the global emission trading market, 
but if the target is not achieved, no allowances have to be bought 
(Höhne 2006). Or as Aldy, Baron, and Tubiana (2003) have sug-
gested, developing countries could adopt non-binding or “no lose” 
targets to experiment with emission mitigation efforts. In practice, 
if developing countries undertake some abatement efforts, such as 
implementing a domestic carbon tax, and thereby achieve a lower 
carbon emissions path than the forecast baseline, they can sell the 
“excess” allowances to countries with binding commitments.

1 The income classifi cations for developing countries referenced here have 
been developed by the World Bank; see http://siteresources.worldbank.org/
DATASTATISTICS/Resources/CLASS.XLS.

2 The CDM is one of the fl exible mechanisms established under the Kyoto 
Protocol to assist developing countries in achieving sustainable development, 
while also contributing to the stabilization of GHG concentrations in the 
atmosphere.
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In the fi nal stage, all countries would agree to binding, absolute 4. 
emissions targets. These targets would be binding in both direc-
tions, which means failure to achieve stated targets would trigger 
stringently enforced penalties.

Setting up interim stages as part of this framework has a number of 
merits:

A phased approach can help break the political impasse between • 
the North and the South in international climate negotiations, 
while another round of one-stage ad hoc negotiations toward ulti-
mate binding targets for all countries might only put the world in an 
inescapable deadlock over the issue of climate change.
Through the interim stage, as Baer et al. (2008) have suggested, • 
actions and preparations can move forward to build trust between 
the North and the South in a sequential manner. With efforts from 
both sides, the transition period can be shortened to move countries 
forward to subsequent stages with more stringent targets and more 
substantial emission reduction efforts.
During the interim transition stage, design details of the overall • 
climate architecture can be further improved in a learning-by-
doing manner.

Another important factor implicit in the proposed multistage approach 
is the need to design metrics for graduation to more stringent commit-
ments. A reasonable graduation threshold could be based on a consen-
sus about the level of income per capita that represents a capacity to 
take on mitigation burdens; alternatively, it could be based on a per 
capita cumulative emission threshold that represents historic responsi-
bility for the current build-up of GHGs. Yet another option is to apply 
a composite metric—the capacity-responsibility (CR) index—that 
accounts for both of these factors. Ultimately, the choice of a gradua-
tion threshold will be a political one, and its outcome will depend on 
how rule-based global commitments can be broadened and deepened. 
Once there is consensus about graduation thresholds, it will be nec-
essary to regularly review each country’s profi le and assess whether 
it has met the threshold for graduation to the next stage. This will 
inevitably require a well-designed institution to organize and under-
take these reviews and assessments—a possible structure for such an 
institution is described in the next sub-section.
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A hybrid organizational structure

To facilitate smooth negotiations and a feasible and fl exible approach 
to enforcement, we propose a hybrid top-down and bottom-up organ-
izational structure for implementing the proposed multistage climate 
policy architecture. The overall hierarchy or structure can be decom-
posed into three levels, with a global authority at the top; regionally-
coordinated multinational treaties among groups of countries (or 
‘clubs’) to achieve collective goals in the middle; and single countries 
implementing national-level policies at the base.

The top level—a global climate agency
Ideally, a post-2012 climate policy would be supported by a top-
down, independent international institution that could determine 
targets, emissions reduction pathways, and multitrack timetables 
in the climate change negotiating process, taking into account the 
most recent scientifi c fi ndings and abatement technology innova-
tions. This is a crucial step. We can see that part of the failure of the 
Kyoto Protocol lies in its overly modest targets and weak enforcement 
mechanisms. In the post-2012 era, countries will continue to have 
every incentive to push for a modest overall target and to make their 
own emissions allotment (or cap) as large as possible to minimize their 
mitigation obligations. Efforts to develop future emissions reduction 
pathways would have to rely on frequently updated IPCC assessment 
reports, which provide a common basis for projecting a global refer-
ence trajectory and the currently widely endorsed emergency pathway 
for limiting global average warming to 2°C. Certainly, this could bring 
with it an intense politicization of the IPCC process and scaled-up UN 
authority on climate negotiation issues.

A credible global climate change agreement must be practical, and 
ideally it will build upon existing institutions. Thus, the UNFCCC pro-
vides a good start as the main vehicle for international climate nego-
tiation diplomacy. It might be very diffi cult, however, to set a global 
deal to cover all countries. However, a central institutional authority 
can help provide the multinational coordination needed to establish a 
lower level climate club structure (in this instance by further dividing 
the current Annex I and non-Annex I categories in the Kyoto Protocol 
and UNFCCC), and can facilitate an effective climate action agenda in 
a number of ways. First, it can enable the  development of institutional 
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arrangements for collective decision making with respect to climate 
change, such as integrating global long-run goals with multitrack 
short-to-medium run objectives for individual countries. Secondly, 
the top-down regime can help coordinate and scale up special climate 
funds to promote large-scale fi nancial and technological fl ows. Finally, 
the central authority of the UNFCCC might be leveraged to provide 
for fi nancial penalties and other sanctions to induce compliance as 
well. A top-down review and assessment of burden sharing for each 
club of countries and for overall projects can be undertaken every fi ve 
or ten years.

The middle level—clubs of countries
Once agreement has been reached on long-term emissions reduction 
targets and multitrack timetables, countries would decide what means 
they will use, depending on their own endowments and existing policy 
and institutional frameworks, to achieve the targets. Countries would be 
encouraged to join other countries in forming smaller groups or “climate 
clubs” to advance negotiations in a bottom-up manner. This was roughly 
the format used in the Group of Eight plus Five (G8+5) “Gleneagles” 
process, the Bush Administration’s Major Economies Meetings (MEM), 
and the US-China Strategic Dialogues. A number of characteristics could 
be used as the basis for grouping countries in clubs:

UN

Clubs

Countries

Figure 18.1. A top-down and bottom-up post-2012 climate policy 
enforcement framework



Reconciling human development and climate protection  571

Geography1. : Because countries in the same region often share similar 
political systems, history, and development status, it may be easier to 
reach consensus in regional negotiations. So, for example, one could 
have a European Club, a Northeast Asia Club, an Arab Club, etc.
Development Level2. : Countries at similar levels of development 
often have similar capabilities and responsibilities. So a club 
organization based on development level, such as a high-income 
club or a low-income club, could fi t well into a multistage climate 
framework, in particular allowing developing countries to begin 
with voluntary carbon abatement efforts and then, at a later stage, 
accede to moderate or even more stringent binding commitments.
Economic or Fiscal System3. : For practical reasons, it will be easier 
for countries with similar economic and fi scal systems to bind 
together, to decide whether they will adopt a unifi ed carbon trading 
market or a harmonized regional carbon tax regime, or opt for 
a hybrid system with safety valves. Then, between clubs, various 
market-based programs can be sewn together: cap-and-trade 
systems can be linked with the CDM and other emission-reduction-
credit systems, emission permits can be traded against carbon tax 
obligations, or absolute emissions caps can be linked to intensity-
based trading programs (Pizer 2007; Hall et al. 2008; Jaffe and 
Stavins 2008).
Other factors4. : Major emitting countries like the United States and 
China, which together account for about 45 percent of global 
carbon emissions, are important players in the climate change 
arena. Therefore, China and the United States can shape their own 
club, build upon the current US–China Strategic and Economic 
Dialogue (S&ED) and coordinate with other clubs.

The bottom-up formation of climate clubs would encourage participa-
tion in a future international agreement by attracting countries with 
similar interests and backgrounds in a simplifi ed negotiation process. 
Some regional climate forums, such as the Asia-Pacifi c Partnership on 
Clean Development and Climate, can scale up from sector-by-sector 
action to more broadly defi ned and coordinated climate actions. 
Mitigation obligations and timetables for each country within the 
same club would be established through the UN’s top-down allocation 
process. But the choice of policy regimes to meet targets and timeta-
bles can be discussed and decided among club members. In addition, 
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countries may benefi t from within-club technology transfer of the best 
practices of other club members.

The bottom level—countries
At this level, each country can set up its own national climate strategy 
using existing environment ministries or other domestic institutions 
to develop policies that reconcile sustainable development goals and 
plans with the achievement of negotiated emissions reduction obliga-
tions. Before taking on binding commitments in later stages of the 
proposed climate agreement, developing countries would be encour-
aged to join a portfolio of international treaties, such as sectoral agree-
ments. In addition, if a country were part of a club that opted for a 
harmonized carbon tax regime or an auction-based emission trading 
regime, while the level of the tax or cap might be set by the club, each 
country would decide how to use the tax or permit auction revenues 
based on its own policy objectives, domestic conditions and back-
ground, and pre-existing fi scal systems.

Key design factors for the proposed climate architecture

Besides relying on a multistage negotiation scheme and hybrid institu-
tional structure, a realistic multistage framework would also incorpo-
rate the following key elements: (1) a fair and effi cient burden-sharing 
rule, which is central to our proposed architecture; (2) a portfolio of 
policy instruments to achieve cost-effective mitigation; (3) fi nancial 
mechanisms and technology transfer; (4) penalty scheme for non-
compliance; and (5) issues regarding adaptation.

Burden sharing: reconciling human development and climate 
protection

Defi ning an internationally fair and effective way to distribute the 
burden of reducing climate change risks has been a core issue in mul-
tilateral climate negotiations. The distribution of burdens across indi-
vidual countries should be tailored to fulfi ll the UNFCCC principle of 
“common but differentiated responsibilities and respective capacities.” 
The ideal burden-sharing formula ought to broaden participation and 
program coverage, support meaningful mitigation goals, and provide 
for feasible and self-enforcing compliance mechanisms.
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Although there has been an enormous amount of work and  negotiation 
over these issues, little progress has been achieved toward a global climate 
deal that substantially reduces GHG emissions and advances climate sta-
bilization goals. The root of the diffi culty lies in some basic differences of 
perspective between the North and the South when it comes to an equi-
table and fair allocation of burdens. Developing countries have tended 
to emphasize the issue of historical responsibility for current levels of 
GHG accumulation in the atmosphere, and have resisted any commit-
ments they view as jeopardizing their ability to develop economically. 
Developed countries, on the other hand, are suspicious of developing 
countries’ real motives on absolute emission reductions, and emphasize 
that any climate policy will be ineffective with the carbon leakage from 
the South. Thus, breaking the current political impasse and designing a 
widely accepted burden-sharing rule that both (1) reconciles the objec-
tives of human development and climate protection; and (2) resolves the 
different perspectives of the North and South would be key to providing 
the foundation for a multistage hybrid climate architecture.

In attempting to design a “fair and equitable” scheme for burden 
sharing that can be accepted by all or at least most countries, a 
number of factors need to be considered: (1) the size of economy; 
(2) historical contribution to current warming; (3) the right to safe-
guard  development; (4) controlling carbon leakage; and (5) consider-
ing other country-specifi c factors.

Recent proposals for an international burden-sharing formula have 
tended to focus mostly on per capita emission rights, or historical 
emissions responsibility. However, these equity-based proposals may 
not be as “fair” as they claim to be, and both run into powerful objec-
tions. Posner and Sunstein (2008) criticize the per capita approach, 
emphasizing instead a distributive justice perspective and pointing out 
that some rich nations are highly populated and some poor nations are 
not. This means that a per capita approach could reward some popu-
lous countries that are also rich, while giving an insuffi cient allocation 
to poor countries with a small population. Similarly, the proposal put 
forward by Brazil in 1997 focuses on historical responsibility only, but 
fails to consider developing countries’ capacity to mitigate their own 
increasingly signifi cant emissions (Brazil 1997).

This proposal takes an alternative path in that it focuses more on a 
combination of these two factors (per capita emissions and historical 
emissions) while also emphasizing the principle of distributive justice. 
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Specifi cally, it builds on an idea fi rst described by Baer et al. (2007, 
2008) that quantitatively links the “right to development” with 
 measures of both capacity and responsibility at individual level, and 
then attempts to work out an appropriate national aggregate target on 
that basis. We adopt a Cobb-Douglas weighted composite index for 
capacity and responsibility, termed the “Responsibility and Capacity 
Indicator” (RCI) in the “Greenhouse Development Rights” (GDR) 
framework in Baer et al. (2007). The RCI is defi ned as:

RCI =  R a  C b  (1)

In this burden-sharing formula, C represents responsibility, defi ned as 
the integral of individual income (income below a minimum threshold 
is excluded) over a log-normal income distribution f(y, 

_
 y ,G) for a given 

country, as described in equation (2):

C = P  ∫ 
 y DT 

  

∞

  dy (y −  y DT ) f(y,  
_
 y , G) (2)

where P is the population,  y DT  is the development threshold,  
_
 y  is per 

capita income, G is the Gini coeffi cient, and the variance is denoted 
in equation (3) with  N -1  as the inverse of the cumulative normal 
distribution:

 σ 2   ( G )  =  2 [  N −1  (  ( 1 + G ) /2 )  ]  2  (3)

Similarly, national responsibility (R) is defi ned as:

R = P ∫ 
 y DT 

  

∞

  dy  ( e ( y )  −  e DT  )  f ( y,  
_
 y , G )  (4)

where e(y) denotes emissions at a given level of income (y) and  e DT  is 
equal to the emissions of a person whose income is precisely equal to 
the development threshold. The emission quantity  e DT  behaves analo-
gously to the development threshold, in that only emissions above this 
emissions threshold contribute to R.

In this framework, capacity (C) says something about a  country’s 
ability to pay for GHG mitigation without sacrifi cing basic societal neces-
sities, while responsibility (R) indicates a country’s historic  contribution 
to the climate problem. The exogenous weighting  parameters a and b 
represent an ethical judgment on the relative importance of capacity 
versus historic responsibility.
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Unlike national emission allocations at the country level, or GHG 
intensity targets focused at the sector level, the allocation rule  proposed 
in Baer et al. (2007) as part of their GDR framework is defi ned in 
 individual terms and “implicitly accounts for the distribution of 
income and emissions—inequality—within countries.” Thus a combi-
nation of per capita income and per capita emissions, above a thresh-
old, are implicitly taken into account. This obliges people with incomes 
and emissions above the threshold, no matter where they are, to bear 
a share of the costs of mitigation and adaptation, while also allowing 
people with incomes and emissions below the threshold to maintain 
their right to development. In this chapter, we select a development 
threshold or so called “subsistence income” of $9,000 as suggested in 
Baer et al. (2007), which means that any income below this threshold3 
is waived for purposes of determining a country’s climate obligations.

This chapter makes some amendments to the calculations described 
in Baer et al. (2007, 2008). First, we use a more comprehensive record 
of historic carbon emissions data (from 1850 to 2004).4 This refl ects 
the fact that the build-up of GHGs in the atmosphere—which is what 
matters in terms of climate change impacts—dates back to the Industrial 
Revolution (at that time, the concentration of CO2 in the atmosphere 
was about 280 ppm, today it is about 430 ppm). Therefore, accounting 
for past emissions starting in 1990, which is the approach taken by Baer 
et al. (2007, 2008), fails to take into account historical responsibilities 
before the 1990 era, when the economies of most developed countries 
had already shifted away from energy-intensive manufacturing toward 
a greater role for less energy- and pollution-intensive service industries. 
Though all GHGs would in principle be covered by a new international 
agreement, this chapter only addresses fossil-fuel based carbon emis-
sions, which account for about 76 percent of the total global warming 
contribution from all sources and gases worldwide (USEPA, 2006). 
The same methodology can easily be extended to other GHGs to the 
extent that historical emissions data are available at the country level.

Another change from Baer et al. in this chapter is that we add a carbon 
sink component to the framework, as an indicator of responsibility. 

3 Baer et al. (2007) point out that $9,000 is slightly above the global average 
income (of about $8,500) and thus represents a “global middle class” income 
level.

4 Carbon emissions data for the period 1850–2004 were taken from the 
Climate Analysis Indicators Tool (CAIT) Version 5.0 (Washington, DC: World 
Resources Institute, 2008).
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For many years, mainstream scientifi c and policy studies focused only 
on CO2 emissions from fossil fuel combustion—as a result, most GHG 
mitigation policies have concentrated on the energy sector. However, 
atmospheric composition and climate change are also affected, through 
various bio-geophysical and bio-geochemical mechanisms, by land 
cover and land-use changes, as well as by non-CO2 GHGs. Land-use 
changes, mainly deforestation, account for about 20 percent of global 
emissions and related GHG abatement activities, and are expected to 
play an important role in combating future climate change—indeed their 
role may be greater than that of emissions mitigation efforts in the global 
transport and industrial sectors (Lagos, Wirth, and El-Ashry 2007). To 
address this issue, we revise the original GDR framework by including 
a carbon sink calculation. Quantifying carbon stock changes associated 
with land use is a very complicated task, so for this preliminary study 
we only account for forest-based carbon stocks and sequestration.5

The carbon stock data used for this analysis are based on a recent 
study by the Food and Agriculture Organization of the United Nations 
(FAO)—specifi cally the FAO’s Global Forestry Resources Assessment 
2005 (FRA 2005).6 The FRA 2005 is the most comprehensive assess-
ment of the current status of the world’s forests and recent trends with 
respect to the extent, condition, uses, and value of forests and other 
wooded land. Of particular interest, it provides estimates of the accu-
mulated fl ow of carbon stocks7 in forestry and other wooded land for 
the year 2005. Since the missing data issue is more prominent for the 
carbon stocks of other wooded land, our focus is only on forestry.

As for the other data, we use the GDR version 2.0.0 database with 
updated information on income class categories, per capita incomes 
(2005 prices with PPP adjustment), Gini coeffi cients, and national 
incomes. A summary of the raw data along with the results of this 

5 Terrestrial carbon sinks absorb CO2 via a number of mechanisms: the ocean’s 
biological bump, which transports carbon from the surface euphotic zone to 
the ocean’s interior, or the photosynthetic processes by which plants and other 
organisms remove carbon from the atmosphere and release oxygen. The process 
by which these sinks remove CO2 from the atmosphere is known as “carbon 
sequestration.” In this chapter we account only for carbon sequestration from 
changes in land use and forest carbon stocks for purposes of our calculation.

6 Source: www.fao.org/forestry/fra2005/en/page.jsp.
7 The FAO defi nes “carbon stock” as indicating the contribution of “Forest” and 

“Other wooded land” to the carbon cycle, and it reports carbon stocks for the 
years 1990, 2000, and 2005. We use data for 2005 only, which includes accu-
mulated carbon stocks from sequestration in prior years (that is, before 2005).
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revised GDR calculation for selected countries and groups of countries 
is given in Table 18.1.

From our calculation, the United States has the highest share of 
global capacity, the largest share of global responsibility and there-
fore also the largest combined RCI. Taking into account forest-based 
carbon sinks and new cumulative carbon emissions, our calculation of 
the US share is 5 percent higher than the results in Baer et al. (2007).8 
Following the United States (which has an RCI of 39.3 percent), 
Germany, Japan, and the United Kingdom will need to contribute 
about 7.8 percent, 7.8 percent, and 6.4 percent, respectively. So, 
under this approach, these four countries together count for about 60 
percent of the overall global bill for climate change abatement. We 
also calculated current obligations using this method for developing 
countries. Based on the new data set, China’s obligation is about 2.2 
percent, India and Brazil would have no obligations, and South Africa 
has a tiny obligation of 0.7 percent.

Table 18.2 provides the results of GDR calculations based on differ-
ent assumptions. The fi rst column gives the original calculation of RCI 
share in Baer et al. (2007), only with the updated GDR 2.0.0 version 
data set, so results are slightly different from their original results. For 
example, GDR for China is only 2.7, not 7.0 in Baer et al. (2007), 
because the new data set utilized updated PPP estimates for China 
from the World Bank. In the second column, we expand the data set 
for cumulative carbon emissions from 1990–2005 to 1850–2004. We 
can see that this increases the US share by 2 percent and the EU share 
by 4 percent, while on the other hand slightly reducing the shares of 
developing countries. This is because most of the industrialization that 
occurred fi fty years ago occurred in western countries. Counting more 
historical emissions increases the responsibility, and hence the shares, 
assigned to those countries that industrialized earlier.

In the third column of Table 18.2, we keep the time horizon for 
accumulated emissions to 1990–2005, but incorporate carbon sink 
data from the FAO. Due to extensive forestry cover in the United 
States, the US RCI drops by one-third, while the EU’s share increases 
to about 39 percent, and China’s share also increases slightly.

Our preferred calculation (last column of table 18.1) is also given in 
the fourth column of Table 18.2. These results suggest that the United 

8 Baer, Athanasiou and Kartha (2007) estimated the US share at 34.3 percent.
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States and European Union need to assume about 39 percent and 36 
percent of the overall cost burden respectively. Overall,  high-income 
countries at the current time need to contribute 87 percent of the total, 
while the share for middle-income countries is about 13 percent. Low-
income countries are basically exempted, with only a tiny (0.1 percent) 
share for the time being. Our estimate for high-income countries is 
about 8–9 percent higher compared to Baer et al. (2007), and 7–8 
percent lower for all the middle-income countries. These differences 
are due to revised estimates of cumulative emissions and carbon sinks 
and some other data changes in the new version of the GDR dataset.

Although the developing country share is very small at the outset, it 
would be expected to grow—especially as countries such as China and 
India begin to “catch up” with annual GDP growth rates at 8–10 percent 
and an increasing number of people above the poverty threshold. As these 
countries take on more responsibilities, the share of the burden assigned 
to developing countries will increase accordingly. To illustrate this point, 
the last two columns of Table 18.2 project future obligations as a share of 
the overall mitigation burden if one assumes that GDP in some developing 
countries like China and India continues to grow at an average rate of 
about 7 percent annually, while the rest of the developed countries and 
middle-income countries keep to annual GDP growth rates of approxi-
mately 2 percent. Estimates are given for both the 1990–2020 and 
1850–2020 scenarios. Future projected carbon emissions are assumed 
to follow the same growth trajectory as GDP. By 2020, this reduces the 
share for high-income countries by roughly 11–12 percent. At the same 
time, developing countries take more responsibility, with China’s share 
rising to about 9.4 percent, India’s share increasing to about 1.0 percent, 
and South Africa to about 0.7 percent for the 1850–2004 scenario.

The proposed GDR framework can be used to calculate each com-
mitted country’s share of total emissions reductions from a benchmark 
emissions pathway (as a reference point). Alternatively, if—as stated 
in the Stern report (2006)—the world needs to devote 1 percent of 
gross world product to climate mitigation, then each country will need 
to pay its share of this total amount either to achieve its own domestic 
reductions or to purchase credits generated by other countries that 
exceed their emission reduction quotas. Developing countries, like 
China and India, are more likely to make a profi t by exceeding their 
emission reduction targets, especially if their abatement costs are rela-
tively low compared to those of developed countries.
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Much work would still need to be done to assign each country 
a binding allocation by applying this modifi ed GDR framework in 
a dynamic manner. To fi t this formula into our multistage hybrid 
climate architecture, we propose that a top-down climate authority 
take responsibility for deciding country-level targets. Such targets 
would apply to developing countries only in later stages, when they 
reach the graduation thresholds for taking on moderate non-binding 
or binding targets. Before that, countries still in transition would be 
exempted from quantitative obligations. To be more specifi c, during 
the early stages when non-committed countries are not counted, the 
shares for committed countries would be recalculated as follows:

RCI_  share j  
* =   

RCI_ share j 
  ______________  

  ∑ 
 j

   
      

  RCL_ share j   
   (j ∈ {country with commitments}) (5)

This idea of allowing emissions to increase in developing countries 
to accommodate development is similar to the concept of “growth 
budgets” proposed by Frankel (2008a) and “clean investment budgets” 
proposed by Wagner et al. (2008). Pan et al. (2008) have proposed a 
“carbon budget” model focused on per capita cumulative emissions, 
which is somewhat similar to our defi ned responsibility index, though 
the GDR framework combines both responsibility index and capacity 
factor.

A portfolio of policy instruments to achieve cost-effective 
mitigation

In our proposed multistage hybrid climate architecture, cost-effective 
implementation is key to the choice of policy options for achieving 
emissions reduction targets by individual countries or climate clubs. 
Those policy options could include cap-and-trade systems, harmo-
nized carbon taxes, credit mechanisms such as the CDM, sectoral pol-
icies, or carbon offset projects. Countries with similar backgrounds, 
facing similar obligations and constraints in parallel timetables are 
more likely to group together in a climate club. For example, the 
European Union and United States might link their national and 
regional tradable permit systems; China and India may start with 
carbon offset projects in their transition period, then move on to 
reduction commitments; or countries facing similar risks from sea-
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level-rise may work together to address common adaptation issues. 
Thus a framework that can accommodate different policy approaches 
can also  accommodate countries’ own self-interests better, and 
allow negotiations to proceed more smoothly among a much smaller 
number of countries. Sectoral approaches are likely to be harmonized 
across climate clubs, as a supplementary program between both 
developed and developing countries in certain sectors; and possibly to 
cover countries in different stages, as well. A pact that allows for dif-
ferent policy portfolios is unlikely to maximize economic effi ciency, 
but it could offer advantages by combining different policy options in 
a more feasible way.

Financial mechanisms and technology transfer

The burden-sharing GDR framework provides a formula for calculat-
ing fi nancial fl ows from developed countries to developing countries 
(Baer et al. 2008; pp. 76–9). When rich nations have reduction obliga-
tions larger than the reductions they can plausibly achieve domesti-
cally, they need to buy credits from the developing countries. One way 
to provide incentives for developing countries to graduate is to allow 
quotas for offset credits proportional to their stage of commitment. 
That is, if one developing country commits to a binding target sooner, 
it can be allowed to receive disproportionate fi nancial rewards for a 
given level of emissions reductions since the quotes to trade would be 
higher in this case. Conversely, countries eligible for receiving offset 
credits that have not yet graduated to binding targets could be allowed 
to trade those credits with developed countries, but in a disadvantaged 
manner with less market quotas to trade.

The bargaining problem associated with technology transfer has 
long been a barrier to progress and consensus in dealing with envi-
ronmental problems. Disputes usually center on intellectual property 
rights and historical responsibility. Developed country governments 
argue that because they are democratic and because intellectual prop-
erty rights belong to private companies, they have no power to compel 
the transfer of technology. However, within the framework of climate 
clubs, it is easier to have technology transfer protocols between differ-
ent clubs. For some technologies that are unlikely to transfer at high 
cost, multiple countries in one climate club can buy in a collective 
way and share the costs. In addition, within each club, policies can be 
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designed that allow countries to share carbon abatement or adapta-
tion technologies with member countries, or to discount costs so as to 
facilitate technology transfer among club members.

Penalty scheme for non-compliance

An effective agreement must ensure that each country implements 
and complies with its commitments. The Kyoto Protocol has an 
enforcement mechanism, but it is not likely to be binding in practice. 
Countries that exceed their emission targets during one period are 
required to reduce emissions enough in the next period to make up for 
the excess plus an additional 30 percent. However, a country that fails 
to achieve its target in the fi rst period may also fail to meet its com-
mitments in the second period—and indeed may have no intention of 
ever fulfi lling its treaty commitments. Thus, more stringent sanctions 
for non-compliance and more effective penalty schemes are necessary 
in a post-Kyoto agreement. The problem is that more stringent sanc-
tions might deter countries from participating in the fi rst place. In our 
proposal, the ability to graduate to the next stage of commitments, 
say from non-binding to binding targets, also gives countries access to 
greater fi nancial fl ows as rewards. This positive inducement can help 
to offset some of the disadvantages of participation and graduation. 
Using trade sanctions to induce participation has the disadvantage that 
it may, by introducing trade distortions, confl ict with effi ciency goals; 
in addition, this approach could put free trade and climate regimes on 
a collision course, as suggested in Frankel (2008b).

Issues regarding adaptation

As emphasized by the Bali Roadmap, “adaptation” is vital for devel-
oping countries. Failure to address adaptation also endangers the local 
goals of poverty alleviation. Therefore, adequate consideration must 
be given to adaptation issues in the design of the future climate regime. 
Important questions include fi rst, what is the best combination of 
mitigation and adaptation efforts, and second, how do adaptation 
measures fi t with other pieces in the proposed policy architecture?

When country-specifi c estimates of adaptation costs are available 
they should be included in the burden-sharing formula, since they 
affect the resources available to build capacity for mitigation activi-
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ties. Recognizing adaptation costs will also attract more developing 
countries to accept the proposed framework. The revised formula for 
fi nancial transfers can be written as:

  M j  
′  =   M j  − C j  (adaptation) (6)

where Mj and  M j  
′  denote each country j’s monetary liability toward 

a global climate fund before and after adaptation adjustments and Cj 
denotes the local adaptation cost of country j.

Since adaptation measures are usually mostly local in scope and 
can often be implemented in a relatively short time frame, adapta-
tion policies can be drafted and implemented at a lower level of the 
hybrid structure. For example, some small coastal countries could 
form a coastal climate club to deal with cross-border adaptation and 
infrastructure building needs. Vulnerable developing countries and 
major emitting countries can prioritize different policy goals and use 
different measures to meet their own special needs and self-interests. 
In addition, without a common measure to evaluate adaptation strat-
egies, a bottom-up structure can allow countries to better integrate 
climate change adaptation with their plans for national development 
and poverty alleviation, and to partner with other countries on disaster 
prevention by linking with other international frameworks as well.

In summary: advantages and challenges

Compared to other post-2012 climate policy proposals, our proposal 
aims to engage developing countries in carbon abatement while safe-
guarding their right to development by adopting a staged approach 
with graduation. We also propose a hybrid top-down and bottom-up 
institutional framework to guide a realistic negotiation process. Finally, 
our proposal provides for a global allocation principle based on green-
house development rights, applied at the country or club level, which 
reconciles human development and climate protection objectives. Our 
framework also allows different climate clubs and countries to enter 
into policy pacts that will enable individual countries to tailor their 
emission reduction strategies to maximize cost-effectiveness while 
accommodating specifi c domestic needs and characteristics.

Despite the advantages of this approach in an ideal, hypothetical 
case, many political and economic pitfalls could jeopardize support 
for this type of climate architecture in practice. The biggest challenge 
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currently is linking a multistage, hybrid architecture with the exist-
ing negotiation process in a way that illuminates the structure of the 
necessary solution and garners more political acceptance from both 
developed and developing countries. In addition, a successful climate 
architecture will be a self-enforcing one that brings the North and the 
South together by building trust through coordinated actions. With 
no time to waste in dealing with the emerging climate crisis, it will be 
important to ensure that the actions of any one country don’t cause 
the whole architecture to fail. Therefore, although climate change is 
a long-term issue, what is really needed is a near- and medium-term 
commitment to breaking the current negotiation impasse and over-
coming the barriers to a concrete agreement that can successfully cut 
future GHG reductions on the scale and in the timeframe needed to 
achieve key stabilization objectives.

The role of developing countries: opportunities and challenges

Facing the prospect of a future climate catastrophe, it is urgent and 
necessary to get developing countries on board a global effort to reverse 
current trends. Even if all developed countries make best efforts to 
reduce their emissions, they will not be able to offset the increase in emis-
sions that will occur if most developing countries follow old patterns of 
energy-intensive production with dramatically higher per capita use of 
fossil-fuel energy. Obviously, developed countries played the key role 
in the pre-2012 era. But in the post-2012 era, developing countries will 
need to play a gradually more important role. In this section we focus on 
China as a case study to illustrate some of the potential opportunities and 
challenges of engaging developing countries generally; to highlight some 
lessons and policy suggestions for China specifi cally; and to develop 
insights that may also be applicable for other developing countries.

The case of China

China’s economic boom has lasted for thirty years. Its annual GDP 
growth rate averaged 9.6 percent over the period 1979–2006 and 11.4 
percent in 2007. As a result China’s total GDP was $3.4 trillion in 
2007—more than twelve times higher than in 1980. This tremendous 
economic success has, however, been accompanied by severe envi-
ronmental impacts. China’s CO2 emissions rocketed to 1,366 million 
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metric tons in 2004—about 3.4 times its 1980 emissions, and about 
80 percent higher than emissions in 1990.9

Climate change has already had impacts on agriculture, water 
resources, coastal zones, and other natural ecosystems in China. The 
Chinese Academy of Agriculture Sciences and other partner agencies have 
conducted a technical report10 on the national-level impacts of climate 
change on cereal production in China. Their fi ndings, which incorporate 
assumptions based on the IPCC’s A2 and B2 scenarios, suggest that 
climate change alone, without technological progress, is likely to lead 
to a decline in total cereal production. Even with technological progress 
to offset the adverse impacts of climate change, per capita production 
would be expected to decline for all scenarios—with or without carbon 
fertilizing effects. Another study by the Natural Resources Defense 
Council (NRDC), an environmental advocacy organization, (the study 
is titled “China’s National Climate Change Programme” [NDRC 2007]) 
also estimated that climate change would cause glaciers in western China, 
which play a key role in the country’s water supply, to decline 27 percent 
by the year 2050. A declining trend in glacier runoff has already been 
observed over the past forty years in China’s six main rivers, including 
the famous Yangtze River and Yellow River. At the same time there has 
been an observed rise in sea level along the Chinese coast, which has 
resulted in increased coastal erosion and seawater intrusion.

To curb negative impacts from climate change, the Chinese govern-
ment has already put forward concrete efforts to address this issue 
domestically, though most of these efforts to date consist of prom-
ulgating guidelines, principles, and plan targets. A more ambitious 
plan for reducing emissions would require further capacity building, 
technology transfer, and fi nancial assistance from developed countries 
along with a harmonized strategy for promoting continued economic 
development with simultaneous climate mitigation efforts. Currently, 
most of the mandatory policies and quantitative targets China has 
adopted are not driven by climate considerations—rather they are 
mostly motivated by domestic environmental pressures and energy 
security and resource conservation concerns.

9 Data Source: Carbon Dioxide Information Analysis Center, Oak Ridge National 
Laboratory.

10 The full technical report can be found at www.china-climate-adapt.org.
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Energy intensity target in 2010
The Chinese government set several goals in its eleventh Five Year 
Plan, one of which was to reduce the energy intensity of the economy 
by 20 percent in 2010 compared to a 2005 baseline. The most promi-
nent actions undertaken to achieve these targets so far have involved 
shutting down many ineffi cient power plants and industrial facili-
ties and promoting end-use energy effi ciency. To enforce this policy 
more effectively, central authorities have also linked their evaluation 
of local offi cials’ performance to progress on achieving local energy 
reduction targets. Such energy saving regulations implemented under 
China’s eleventh Five Year Plan have since achieved signifi cant com-
pliance effects. Compared to 2005, China’s energy intensity declined 
by 3.83 percent in 2006 and by an even more signifi cant amount—
11.4  percent—in 2007.11 Compared to other countries, China’s total 
energy intensity (adjusted for PPP and including primary energy use 
in both the manufacturing and residential sectors) has also improved 
substantially: it is currently lower than US and Russian energy inten-
sity, and is converging to the intensity level of Japan’s economy.

Renewable energy policies
The Chinese government has set a target to increase the use of primary 
energy from renewable sources from 7 percent in 2008 to 16 percent 
in 2020. In 2004, NDRC launched the fi rst China Medium–to-Long 
Term Energy Conservation Plan, and in the subsequent year, the 
National People’s Congress adopted the Renewable Energy Law of 
the People’s Republic of China, which sets out policy instruments 
options, such as total volume control, provisions for mandatory grid 
connections, differentiated pricing, a special fund, and favorable tax 
treatment, among others (NDRC 2007). The renewable energy law 
took effect on January 1, 2006.12

The government of China has supported numerous scientifi c studies 
and research initiatives on climate change to build capacity and public 
awareness of this issue. But a still relatively low level of economic 
development, a huge population, and a coal-dominated energy mix 
present enormous challenges for the Chinese government. Like many 

11 Author’s own calculation based on total energy use and constant price GDP 
data in the China Statistical Yearbook (2008).

12 www.gov.cn/ziliao/fl fg/2005-06/21/content_8275.htm
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other developing countries, China lacks many of the institutions, 
policies, technologies, and enforcement mechanisms needed to foster 
a low-carbon economy without jeopardizing local development and 
economic growth.

Current international climate negotiations, though now at a politi-
cal impasse, pose a great opportunity for large developing countries 
like China to play the leadership in designing a post-2012 climate 
architecture that accommodates both human development and climate 
protection objectives. Ideally such an agreement would allow devel-
oped and developing countries both to pursue a “win-win”—as 
opposed to “lose-lose”—trajectory.

As a fi rst step it will be important to emphasize the development 
needs of the South and to give priority to domestic sustainable devel-
opment efforts that are also consistent with climate change mitigation. 
Second, a gradual timetable for engagement with global mitigation 
efforts would be more realistic for developing countries: from no 
emission reduction commitments, to voluntary contributions, to mod-
erate targets, and eventually to binding and more stringent targets. 
Over time, as per capita incomes in developing countries converge to 
the world average level, it will be fair to ask those countries to take 
on more stringent targets and commitments. In addition, incentives 
in the form of fi nancial and technological transfers might be used to 
encourage developing countries to take on more stringent targets or 
to graduate sooner. Finally, developing countries are the most vulner-
able to negative impacts from climate change. Thus, efforts should 
be made through regional clubs and/or collaboration with developed 
countries to improve their capacity for climate change adaptation and 
to promote technology transfer with the support of a climate trust 
fund.

As the largest carbon emitter in the world, China has realized that 
climate change is a challenge it will need to cope with from both global 
political and domestic sustainable development perspectives. China has 
already played an important role in the global CDM market. We are 
confi dent that, with appropriately designed policies and global insti-
tutions, developing countries—and China in particular—can benefi t 
from a post-2012 global climate architecture. The following elements 
are important for China to play a future leadership role by setting 
examples in reconciling carbon abatement with domestic sustainable 
development and capacity building toward a low-carbon economy:
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Political leadership will be a key determinant of success in  global- • 
and national-level efforts to cope with climate change. China can 
play a vital role in determining timetables, organizing a develop-
ing country club, negotiating for particular “survival income” or 
“survival emissions” thresholds, identifying specifi c elements of 
a climate trust fund to promote fi nancial fl ows and technology 
transfer, and designing incentives to facilitate faster graduation by 
developing countries, and so forth.
Translating the global issue of climate change into a local priority is • 
also important for China. It often noted that sometimes the central 
government’s objectives are not well aligned with those of local 
governments. If local governments still prioritize economic growth 
over energy saving and carbon mitigation, national-level guidelines 
and policies will usually fail to achieve satisfactory outcomes. In 
2007, China launched the National Leading Group on Climate 
Change (NLGCC), headed by premier Wen Jiabao. Provincial gov-
ernments followed suit by creating counterpart organizations, as 
did prefectural governments. Since then, local governments seem 
to have become more responsive toward climate change objectives 
(Qi et al. 2008). Likewise, a GDR framework can be applied at the 
provincial or even prefectural level as well. Finally, a new system 
of offi cial evaluations can help to hold local governments account-
able for environmental and climate change policies and can work to 
complement local abatement initiatives.
Reconciling both local pollution and climate change concerns may • 
bring large co-benefi ts at the local or regional level. In particular, 
policies that target local pollutants such as total suspended particles 
(TSP) and sulfur dioxide (SO2) can often also deliver substantial 
GHG reductions. Environmental tax policies and local energy con-
servation standards and sustainable development policies can easily 
be revised to take into account both conventional pollution control 
and climate change mitigation to achieve “co-control” objectives.
Environmental laws should be implemented strictly to ensure effective • 
enforcement. Although the Chinese government has passed numer-
ous environmental and energy conservation laws, these are often 
diffi cult to implement in practice because they merely set forth prin-
ciples or objectives without specifying actions or concrete policies for 
immediate action. In addition, one-size-fi ts-all guidelines for energy 
effi ciency or environmental quality often need to be differentiated to 
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accommodate regional differences, either through intergovernmental 
processes (Teng and Gu 2007) or by giving local governments more 
authority over the use of local revenue and capacities.
Non-governmental organizations (NGOs) can play a useful role in • 
improving public awareness of climate change and educating people 
about options for reducing climate change risks and adapting to 
likely impacts. To break the current international political impasse 
and advocate for solutions from a developing country perspective, 
climate change NGOs can play important complementary roles in 
addition to government efforts. For example, the World Wildlife 
Fund, Energy Foundation, Environmental Defense Fund, and many 
other organizations all have local offi ces in China and have been 
working with the Chinese government and universities on climate 
change research; public education; energy effi ciency programs; and 
community-level efforts to build adaptation capacity, transfer low-
carbon technologies, promote clean production, and so forth.
As of the end of 2008, some 1,797 CDM projects• 13 had been 
approved in China; indeed, China has become the largest supplier 
of CDM-based certifi ed emission reductions. Still, the scale of the 
CDM program is inadequate to achieve meaningful levels of emis-
sions reduction worldwide. In particular, as Wagner et al. (2008) 
have suggested, in some cases CDM is a very expensive way to 
reduce emissions in the developing world, and the continued exist-
ence of the CDM might actually discourage developing countries 
from voluntarily limiting their own emissions in order to preserve 
existing monetary incentives from the CDM market. For this 
reason, directing fi nancial fl ows and technology transfer through 
other trading mechanisms as countries gradually move from one 
stage to the next might be desirable to get around these CDM issues. 
Alternatively, a full-scale reform of the current CDM program, 
such as extending credits to sectoral or policy level actions, might 
be preferable. It would be in the interest of developing countries 
to extend the scope of current CDM projects such that they can 
directly address the need for technology transfer and enhanced 
learning-by-doing in a domestic context (Teng 2008).
Last but not the least, the US-China Strategic Dialogue might provide • 
further opportunities to let the world’s two biggest carbon emitters 

13 http://cdm.ccchina.gov.cn/WebSite/CDM/UpFile/File2123.pdf
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work together on encouraging the production and consumption of 
low-carbon products, promoting increased investment in renewable 
or low-carbon technologies, and so forth. A cooperative approach 
can also help China and the United States fi nd a balanced way to 
navigate the current global economic downturn. On the Chinese 
side, this may involve pursuing a new development path, one that 
shifts from production-led growth to consumption-led growth and 
increases investment in non-tradable sectors such as health, educa-
tion, fi nance, and other services. Greater access to energy-saving, 
low-carbon technologies can also help China avoid lock-in effects 
from continued investments in coal-based technologies—a change 
that would benefi t the whole world. For the US side, such shifts in 
China’s economic structure can also help to lessen long-running trade 
imbalances and tensions between the two countries. In sum, transi-
tioning to an alternative low-carbon path is diffi cult and urgent. It 
can nevertheless represent a win-win strategy for China, the United 
States, and the rest of the world—but China will need help to get 
around the barriers that stand in the way of such a transition.

Though this discussion has analyzed these issues from the specifi c 
perspective of China, many of the issues and principles at stake are 
common to other developing countries as well. In sum, although 
climate change poses challenges, it also provides opportunities to help 
developing countries pursue a better development path. This will only 
be possible, however, if the countries of the North and South build 
trust and work together to design and implement a credible post-2012 
climate architecture.

Conclusion

Climate change is one of humanity’s most urgent and diffi cult chal-
lenges. Scientifi c research has already indicated that the economic 
costs of unchecked global warming will be very severe. Without the 
engagement of large developing countries, in particular China, the 
world will experience rapid and possibly catastrophic global warming 
even if all Annex I countries fulfi ll their Kyoto commitments and con-
tinue to deepen their mitigation efforts in the post-2012 era. Thus, a 
feasible, fl exible, accessible, and agreeable post-2012 climate policy 
framework remains key to solving the climate crisis.
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This chapter proposes a new, multistage hybrid climate policy 
architecture based on a revised approach—grounded in the concept of 
Greenhouse Development Rights—to burden sharing. In addition, we 
have discussed some key design elements for a new agreement, such as 
allowing climate clubs to adopt policy pacts that meet their different 
needs, providing mechanisms for fi nancial assistance and technology 
transfer, devising penalty schemes, and addressing adaptation issues. 
Although this proposal needs further refi nement, it may provide a 
useful starting point for further discussions about how to break the 
current North–South political impasse on climate change. Specifi cally, 
it may give negotiating parties an opportunity to build trust and 
encourage developing countries to gradually move from their current 
position of no commitments to acceptance of the eventual need for 
binding commitments, provided there are incentives in place for 
developing countries to graduate to more stringent targets, along with 
safeguards to assure they can meet their development needs.

Finally, we emphasize that an effective international regime for 
containing climate change can also provide opportunities for develop-
ing countries. We use China—the world’s biggest carbon emitter and 
largest developing country—to illustrate these opportunities. By taking 
the leadership of post-Kyoto climate policy architecture designing; rec-
onciling local sustainable development and climate mitigation; bridg-
ing central and local institutions by translating global issues into local 
priorities; reconciling regional differences through domestic policies; 
working closely with NGOs; reforming the CDM; implementing domes-
tic carbon tax policies or participating in international or regional cap-
and-trade markets; strengthening its dialogue with the United States; 
and pursuing an alternative low-carbon development path, China can 
play a leadership role and help bring other developing nations together 
in support of a fair and effective post-2012 climate architecture.
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19 What do we expect from an 
international climate agreement? 
A perspective from a low-income 
country1

E. Somanathan2

The non-marginal nature of the climate problem and the 
importance of technological change

Allowing Earth’s global mean temperature to rise by more than 1–2 
degrees Celsius above its current level carries signifi cant risk of trig-
gering positive feedbacks that further raise temperature and lead to 
catastrophic climatic changes (Hansen, Sato et al. 2006; Lenton, Held 
et al. 2008). To limit warming to such a small rise in temperature, 
when current greenhouse gas (GHG) concentrations already commit 
us to an increase of 0.3–0.9 degrees Celsius above a reference level 
equal to global average temperatures over the period 1980–1999 
(IPCC 2007a), will require massive cuts in carbon dioxide (CO2) emis-
sions by the middle of the century. The climate problem cannot be 
tackled by tinkering at the margins.

Eliminating CO2 emissions is diffi cult for the simple reason that 
it is cheaper to obtain energy by burning coal, oil, and gas than by 
harnessing the sun, the wind, or atomic nuclei. The 2007 report of 
the Intergovernmental Panel on Climate Change reviewed the sci-
entifi c literature and concluded that there are currently available, 
low-cost or even profi table opportunities for reducing CO2 emissions, 
mainly through the installation of energy-conserving equipment and 
techniques in industry, building, and transport. However, tapping 
low-cost reduction opportunities can achieve at most a cut of a few 
percentage points below business-as-usual (BAU) emissions (IPCC 

1 Chapter prepared for the Harvard Project on International Climate Agreements. 
I  am grateful to Joe Aldy for very helpful comments.

2 Planning Unit, Indian Statistical Institute.
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2007). With current technologies, deeper cuts can come only by 
raising the cost of energy.

Since low- and middle-income countries, including China and India, 
will soon account—due to their rapid economic growth and large 
 populations—for about half of global CO2 emissions (EIA 2008), 
tackling the climate problem requires that they have incentives to sub-
stantially reduce their emissions.

The general public in low-income and even middle-income coun-
tries, however, is almost entirely unaware of the seriousness of the 
threats posed by global warming. Those few who have heard of 
the problem, also know that it is—so far—largely a consequence of the 
industrialization of the North. The now developed countries emitted 
three times as much fossil-fuel CO2 between 1850 and 2002 as did the 
now developing countries (Baumert, Herzog et al. 2005).3 Since the 
developing countries have a much larger population, this means that 
on a per capita basis, developed countries are responsible for most of 
the problem. Therefore, at least until the developing countries get rich, 
their citizens are not going to be willing to pay more than a very small 
share of the cost of forestalling climate change. There is no political 
support for paying more for energy in these countries—a reality that 
is very unlikely to change substantially in the near future. This implies 
that the only way to get developing countries to lower their CO2 emis-
sions substantially below their BAU path is by making it economically 
attractive for them to do so.

Given the present unwillingness of rich countries to bear the costs 
of reducing even their own emissions by very much, it would be highly 
optimistic to assume that they will be willing to pay for  substantial 
reductions in Chinese, Indian, and other developing-country  emissions. 
We are left with technological change as the only hope for drastically 
cutting global emissions so as to avoid the dangers of disastrous tem-
perature feedbacks.

Technological change to replace carbon-intensive activities with 
carbon-neutral ones can be stimulated by raising the expected returns 
to investment in research and development (R&D) and by increas-
ing public-sector R&D and/or subsidizing private-sector R&D. 

3 The share of rich countries (“Annex I” countries in the Kyoto Protocol) is cal-
culated to be 55 percent when land-use change is taken into account (Müller, 
Höhne et al. 2007).
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An  international climate agreement may increase expected returns to 
R&D, so I will discuss this channel fi rst.

The logic of international emissions trading

The economic logic of international emissions trading may be sum-
marized as follows. Economic growth in developing countries will 
require a large expansion of energy supply. The annual CO2 emissions 
of non-OECD4 countries are projected to rise from 17.3 gigatons (Gt) 
to 22.3 Gt between 2010 and 2020 (EIA 2008). This expected increase 
can be avoided by building power plants fi red by non-carbon sources 
of energy instead of fossil fuels. Although costly, this will nevertheless 
be cheaper than scrapping existing fossil-fuel power plants and replac-
ing them with carbon-neutral plants. Suppose high-income countries 
set themselves an annual carbon emission cap that is well below their 
present emissions, and developing countries set themselves a cap that 
is above existing emissions, but no higher than their BAU path. Then, 
to achieve the total world cap, it will be cheaper to abate emissions in 
developing countries by more than the amount demanded by their cap, 
and thus to abate less in developed countries than their cap demands. 
Allowing emission permits to be traded between developed and devel-
oping countries will then mean that the latter end up as sellers of 
permits, while rich countries will be buyers. Thus, rich countries will 
pay for emissions to be lower in developing countries than they would 
have been in the absence of the cap-and-trade system. In other words, 
by selling permits to rich countries, developing countries will make a 
profi t on any cuts that they make below their cap. Provided the cost of 
reducing emissions below BAU levels is less than the revenues gained 
from selling excess permits, developing countries will end up making 
a net profi t from entering such a system.

Why would rich countries enter such a system? Since the politi-
cal pressure to do something about climate change originates almost 
wholly from the public in these countries, their governments are 
the ones with an interest in addressing the problem. Thus, for any 
given limit on global CO2 emissions, this argument suggests that it 
will be cheaper to achieve the limit if developing countries enter a 

4 OECD stands for the Organisation for Economic Cooperation and Development; 
it comprises thirty high-income countries.
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 cap-and-trade system. Since rich countries will be paying for emis-
sions reductions, they have an interest in making sure the global limit 
is achieved as cheaply as possible.

A second reason for rich countries to enter into a cap-and-trade 
system with developing countries is so-called “leakage.” If some coun-
tries cap their emissions and other countries either do not cap their 
emissions or set a less stringent cap, energy prices in the countries 
with tighter caps will rise higher than in the non-capped countries. As 
a result, energy-intensive industries, to the extent that they are mobile, 
will tend to move to countries without emissions caps, thus undoing 
the environmental benefi ts gained from imposing caps in the fi rst 
place. A cap-and-trade system will equalize emissions prices and tend 
to make energy prices converge across participating countries, thus 
preventing leakage.

If all concerned are to agree to such a cap-and-trade system, 
however, several conditions must hold. First, emission caps in rich 
countries must be suffi ciently tight that it becomes cheaper to pay low-
income countries to abate on their behalf. At present, it is not clear 
that there is suffi cient public demand for emission reductions in rich 
countries for this condition to be met, even if low-income countries 
were to take on commitments to cut their own emissions below their 
BAU paths.

Second, the fast-growing, lower-income countries have to be willing 
to risk taking on emission-reduction commitments in the hope that 
they will end up making a net profi t. The problem is that it is very 
diffi cult to forecast profi ts from the sale of emission permits since the 
value of those permits will depend on the relative costs of abatement 
in the various countries under different caps, and on the amount by 
which emissions would grow in the BAU scenario. Economic growth is 
highly uncertain, as are changes in the future energy intensity (energy 
used per dollar of Gross Domestic Product or GDP) of an economy. 
While the emission caps applied in low-income countries can be set 
by agreement to rise when GDP grows faster than expected (Frankel 
2007), this sort of built-in adjustment cannot be made without taking 
away the incentive to conserve energy. From the rich countries’ 
point of view, bringing developing countries into an agreement will 
undercut emissions reductions unless the developing countries agree 
to quotas that are below their BAU emissions. Because future BAU 
emissions cannot be known with certainty, developing countries will 
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not agree to any cap that is not close to the upper limit of what BAU 
emissions could conceivably turn out to be so as to avoid ending up 
worse off by entering into an agreement. If the result is that the cap 
for developing countries is set higher than their actual BAU emissions, 
then rich countries could end up paying developing countries for so-
called “hot air”—that is, for avoiding emissions that would not have 
happened anyway. Developed countries will, of course, be reluctant to 
agree to such an arrangement, especially since it would result in world 
emissions being higher than they would have been in the absence of 
the agreement.

Finally, the profi ts that low-income countries stand to realize from 
selling excess permits have to be net of the costs of monitoring and 
implementation if the whole exercise is to be worth it from their per-
spective. It should be recognized, however, that some of the factors that 
may seem to lower the chances of instituting an international emissions 
trading system could actually create positive drivers for reaching agree-
ment. Businesses that stand to gain from the creation of a new com-
modity exchange will lobby for it. Governments that participate will 
have to decide how to allot emissions permits within their respective 
countries, but these permits will constitute valuable assets that politi-
cians can allocate in ways they fi nd congenial. This may give politicians 
a strong pecuniary incentive to enter an agreement, especially in coun-
tries where they are not tightly constrained by political institutions and 
public opinion. Of course, the political hazard of entering into such an 
agreement is that it will raise energy prices, which could be damaging 
for politicians, especially if the sale of permits does not raise enough 
revenue to compensate politically relevant losers.

Global cap and trade and human welfare

The discussion so far has touched on the factors that make an inter-
national cap-and-trade regime with developing country participation 
more or less likely, but it has not addressed the consequences for 
human welfare. From a welfare standpoint, the prospective benefi ts of 
an international agreement are twofold: in the fi rst instance, develop-
ing country participation will result in larger overall emission reduc-
tions (compared to BAU). This may be amplifi ed by the adoption of 
more stringent quotas in rich countries, since the cost of achieving 
a given quota will be lower if emission permits can be bought from 
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developing countries at a price below the cost of emission reductions 
in the rich country. Thus, rich country governments may be willing to 
tighten their own quotas if the ability to buy permits from developing 
countries helps to cushion their own fi rms and consumers from too 
great an increase in the price of energy. By preventing “leakage,” the 
agreement may make rich countries more willing to tighten their caps.

Second, a more stringent global cap on CO2 emissions will expand 
the market for carbon-neutral and low-carbon energy and increase 
expected returns to R&D on climate-friendly technologies. As argued 
above, it is this dynamic effect that is most important in terms of actu-
ally reducing the risks of climate change.

Would an international cap-and-trade agreement add credibility to 
individual countries’ announcements about emissions caps in future 
years? If so, this would be a strong argument in favor of such an agree-
ment. Uncertainty about whether governments will follow through 
on their commitments to cap carbon emissions constitutes a major 
disincentive to private R&D investments in low-carbon technologies. 
If governments renege, then the market for carbon-free technologies 
will shrink, and earlier investments in developing those technologies 
will have been unprofi table.

Is an international cap-and-trade agreement involving developing 
countries likely to be credible? Keohane and Raustiala (2008) argue 
that only wholly self-enforcing agreements are viable, since sovereign 
states can and do renege when it suits them. If a country does not 
enforce domestic quotas properly, there is not much that other coun-
tries can do to punish it. Keohane and Raustiala argue in favor of a 
system of buyer liability to address this potential problem. In short, 
if an ex post determination is made—either by an international body 
or by the government of the buyer country—that a seller country had 
emitted more than it had agreed to, then emissions permits originat-
ing from that seller country would be devalued accordingly (that is, 
fi rms in developed countries that bought these permits could count 
only a suitable fraction of their face value toward their compliance 
obligations). This would give issuing countries that are net sellers of 
permits on the international market an incentive to enforce their own 
emission caps or quotas so as not to drive down the market price of 
their permits. Again, this structure depends on the willingness of rich 
countries to set emission quotas that are suffi ciently stringent to gener-
ate a net demand for permits from developing countries.
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Ultimately, therefore, the basis for any international agreement is 
the political demand for emission cuts emanating from rich countries, 
and it is expectations about the size of those cuts that will be crucial in 
terms of driving the market for carbon-free technologies. If rich coun-
tries are willing to sign an agreement that calls for them to make steep 
emissions cuts this would send a positive signal to fi rms contemplating 
R&D investments in low-carbon technologies. Of course, fi rms would 
have to be convinced of the integrity of such an agreement. It would 
have to be self-enforcing, or credibility would be lost.

To summarize, a cap-and-trade agreement with developing coun-
tries can only be credible if the developed countries fi rst demonstrate 
their willingness to pay for it. They can do this only by adopting cap-
and-trade systems themselves and committing themselves to cut emis-
sions signifi cantly in the years immediately following the end of Phase 
I of the Kyoto Protocol. These must be actual cuts, not just slower 
emissions growth, or else there are unlikely to be signifi cant gains 
from international emissions trading.5 Having taken this fi rst step, 
developed countries can then ask developing countries if they wish to 
opt in to the system by taking on emission caps that refl ect small cuts 
relative to BAU.6 At this stage, some of the developing countries may 
fi nd it profi table to join the system.

All of this assumes that developing countries have or will acquire the 
capacity to set up their own credible domestic cap-and-trade systems. 
That assumption, however, is unlikely to hold in many developing 
countries with corrupt governments and weak institutional capacity. 
Implementing a cap-and-trade system will raise energy prices, and 
unless there is a credible way to share the profi ts from selling permits 
to foreigners with domestic constituencies affected by higher energy 
prices, there will be opposition within developing countries to joining 

5 As explained earlier, it is cheaper to prevent emissions from growing than to 
reduce emissions below current levels because the former can be achieved by 
installing new equipment that emits less GHGs while the latter entails scrap-
ping old equipment before the end of its useful life, in addition to installing new 
equipment. Once developed countries have stopped their emissions growth and 
are at the point where they are reducing emissions below current levels, it will 
become cheaper to pay developing countries to slow their emissions growth 
instead.

6 These cuts would eventually have to get much bigger once a country grew 
suffi ciently rich or reached a suffi ciently high per capita emissions quota. The 
determination of just how this “graduation” should occur would, of course, be 
subject to confl icting interpretations of fairness, and therefore to bargaining.
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an international agreement. Unless at least those groups with political 
infl uence can be credibly compensated, or more than compensated, for 
energy price increases, a government may fi nd it impossible to adopt, 
or follow through on adopting, a cap-and-trade system.

The problem, of course, is that low-income country governments 
are mostly characterized by high levels of corruption and low insti-
tutional capacity. This is at least a part, and very likely a large part, 
of the reason why they are poor. In fact, matters could get much 
worse than merely having energy prices increase. During the course of 
writing the last few pages, sitting here in my offi ce in New Delhi, the 
power supply has failed several times, and the campus has switched to 
a back-up diesel generator. This is a symptom of a badly governed and 
poorly regulated electric supply and distribution system dominated by 
extensive political interference. India as a whole suffers from chronic 
power shortages and blackouts. In this context, power companies 
(whether public or private—India has both) faced with an incentive to 
supply less electricity, because this would mean they have more emis-
sion permits to sell, may end up actually rationing consumers even 
more. Outcomes such as this may make it politically untenable for the 
government to continue with a cap-and-trade system.

Turning to the distributional impact of a cap-and-trade system, I 
fi rst note that higher prices for fossil fuels will, on the whole, be quite 
progressive in many developing countries because commercial fuels in 
these countries (in contrast to the situation in most developed coun-
tries) account for a higher share of expenditures for higher-income 
households (Datta 2008).

This pattern exists because the poor in a low-income country are 
too poor to use mechanized transport much and because the goods 
that the poor consume are less energy-intensive, on the whole, than 
goods consumed by those who are better off. This progressivity should 
make it easier to protect the poor. If the government cut indirect taxes 
that fall more heavily on the poor, then this could compensate for the 
rise in fuel prices. It is, of course, not at all clear whether this or any 
other effort at compensation would actually happen.

Figure 19.1 shows that coal accounts for less than 2 percent of the 
budget of the average Indian consumer. Since cap-and-trade schemes 
are likely to focus on coal, it may appear at fi rst glance that an increase 
in the price of coal would not have a very large impact on the welfare 
of Indian consumers. But this is not the whole story. Most Indian 
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households still use traditional solid fuels like fi rewood for cooking. 
In 2000, about 70 percent of Indians used such fuels (Gangopadhyay, 
Ramaswami et al. 2006). The use of these traditional fuels with tra-
ditional stoves, however, releases fi ne particles and gases that have 
signifi cant adverse health effects. One review of the evidence on this 
subject concluded that indoor air pollution from the use of solid fuels 
for cooking results in about half a million excess deaths of women and 
children per year in India (Smith 2000). With economic growth and 
rising incomes, households can be expected to transition to sources of 
energy, such as cooking gas and electricity, that do not emit particu-
late matter and other local and regional air pollutants. To the extent 
that participation in a cap-and-trade system delays or prolongs this 
transition by raising energy prices and creating incentives for electric-
ity rationing, it will contribute to excess deaths and ill health.

In addition, solid fuel is used to such an extent in India that it gener-
ates regional climate effects from the production of particulate matter 
and leads to the formation of a brown cloud of aerosols that may 
be up to three kilometers thick. More than 40 percent of the black 
carbon in the atmosphere over South Asia is estimated to come from 
cooking fi res (Venkataraman, Habib et al. 2005). The aerosol cloud 
has been estimated to reduce the summer monsoon and, consequently, 
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rice  harvests in India by 10 percent (Auffhammer, Ramanathan et 
al. 2006). Soot in the aerosol cloud heats the upper atmosphere 
(Ramanathan, Ramana et al. 2007) and some of it is deposited in 
Himalayan snow and glaciers. Although fi rm evidence is lacking, it 
seems likely that upper atmospheric heating will contribute to glacial 
and snowpack melt, as will deposits of soot. The latter has contributed 
to the melting of the Greenland icepack even though there is far less 
particulate pollution in that region than in South Asia (Hansen and 
Nazarenko 2004). If Himalayan snowpack and glacier melt driven 
both by global GHG accumulation and by regional particulate pol-
lution continues for more than a few decades, it will lead to a sharp 
reduction in winter fl ows in northern Indian rivers. This could cause 
major declines in agricultural production in a region that is not only 
already poor and densely populated, but that is projected to add hun-
dreds of millions of people to its population during the course of this 
century.

There is thus the distinct possibility that a cap-and-trade agree-
ment involving India—by delaying the reduction in atmospheric black 
carbon that would follow a transition away from traditional fuels—
could end up making a majority of Indians, especially the poor, worse 
off. Although the details of such indirect effects are specifi c to India, 
similar concerns apply to many low-income countries.

Concerns about unintended consequences also apply to the possibil-
ity of linking emissions markets in developed countries to markets for 
emission credits from reduced deforestation and degradation in tropi-
cal countries. Nongovernmental organizations (NGOs) have already 
warned that logging companies could use the threat of clear-cutting to 
extract any rents that arise from such trading. Politically weak forest 
dwellers and indigenous peoples may face eviction from forest lands if 
these lands acquire value as a consequence of the creation of emissions 
markets (FOEI 2008).

On the other hand, markets for reduced emissions from deforesta-
tion and degradation (REDD), as well as markets for afforestation, 
may have a better chance of working than markets for industrial emis-
sions reductions, simply because monitoring can be done relatively 
cheaply using modern satellite imagery, supplemented by ground 
surveys. If emission trading agreements are based on buyer liability, 
then agencies external to the seller countries will evaluate effectiveness 
as well as impacts on the rights of vulnerable groups. The same NGOs 
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that are today protesting the introduction of these markets may then 
perform the valuable function of monitoring these markets to prevent 
land grabs and other injustices. It is not clear whether this would 
afford suffi cient protection to vulnerable groups, but it is a possibility. 
It is certainly true that in some high-profi le cases, activist groups in the 
North have succeeded in forcing the World Bank to withdraw from 
fi nancing projects that would have displaced vulnerable populations 
in poor countries. This happened with the Narmada dam in India, 
although in that case, the government went ahead with the dam using 
domestic funds. Where projects rely on external fi nancing, however 
(as would largely be the case for tropical countries participating in a 
REDD market), the threat of pullout by buyer countries would pre-
sumably provide stronger incentives for seller countries to abide by 
fairness conditions and other stipulations.

Similar external intervention to protect the poor from the conse-
quences of higher energy prices or other indirect effects (such as energy 
rationing) that may be occasioned by participation in a cap-and-trade 
scheme for fossil-fuel emissions seems far less likely. The victims in 
those cases will be neither easy to identify nor as picturesque.

What should an agreement aim for?

Given that emissions trading could have signifi cant downsides for 
vulnerable populations in poor countries, it is pertinent to ask whether 
the prospective benefi ts are large enough to justify this approach. From 
the foregoing discussion, the answer would seem to be in doubt. Under 
BAU assumptions, annual energy-related CO2 emissions in the OECD 
countries are projected to increase from 14 Gt to 16 Gt between 2010 
and 2030 (EIA 2008). Abating even this 2 Gt increase would very 
likely ensure quite a large market for new technologies; moreover, 
many OECD countries are likely to set more ambitious targets, thus 
ensuring an even larger market for new technologies. If they do not 
adopt more stringent targets, then the ability to trade emission reduc-
tions with developing countries would, in any case, be irrelevant.

I conclude that an international climate agreement involving the 
developing countries is of secondary importance to solving the climate 
problem. Of primary importance is the creation of markets for 
 carbon-neutral technologies in the OECD countries—whether by tax, 
tradable permits, or traditional regulation—and an increase in direct 
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fi nancial incentives for R&D. Global public investment in energy R&D 
has fallen by half in real terms since its peak in 1980, following the 
second oil shock (Stern 2007, Chapter 16). This means, of course, that 
as a share of GDP, the decline in energy R&D investment has been even 
greater. In the case of the United States, the largest spender, public invest-
ment in energy R&D as a share of GDP in 2005 was less than one-third 
of what it had been in 1980. Meanwhile, private investments in energy 
R&D have also declined, though not as sharply. Indeed, the evidence 
suggests that public investment in R&D stimulates private investment 
in R&D rather than crowding it out (Nemet and Kammen 2007). This 
is, of course, exactly what we would expect basic research to do. Nemet 
and Kammen argue that a fi ve- to ten-fold increase in spending on energy 
R&D in the United States is both feasible and desirable.

There is, as yet, little public support for the price signals that econo-
mists advocate as the effi cient method of dealing with the carbon 
externality. The American public, for example, doesn’t like higher 
taxes on gasoline if the object is to reduce energy consumption. But 
a majority does support higher taxes on gasoline, if the revenues are 
used to develop new non-polluting energy sources (New York Times 
2004). Given this pattern of public opinion, it seems diffi cult to argue 
that raising energy prices through a cap-and-trade system or any 
other tax (disguised or not) should be the main instrument of public 
policy. As noted above, if the objective is to stimulate private invest-
ment in R&D on low-carbon alternatives, certainty about the future 
market value of avoided emissions is desirable. Relying solely on price 
incentives in the face of opposing public opinion does not appear to 
be a realistic way of providing that certainty. By contrast, expanded 
funding for energy R&D is a policy that is more likely to receive con-
sistent public support, simply because it is a mechanism the public 
understands. This can take the form of an increase in funds allocated 
through the usual tried and tested peer-review process to universities 
and government research laboratories for basic research across the 
whole gamut of technologies that may contribute to emissions reduc-
tion and sequestration. It should also include support for large projects 
that may require collaboration with the private sector, such as carbon 
capture and storage or new electric power transmission systems.

Anderson (2006), in a background paper for the Stern Review, 
reviews a range of carbon-neutral technologies and suggests that some 
are likely to become cheaper than the competing fossil-fuel option by 
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2050 and possibly sooner. Several are expected to become economic 
at modest carbon prices and some, such as nuclear power, are already 
in use on a large scale. It is relevant to observe that the probability that 
some subset of low-carbon alternatives—and, in particular, at least 
one of them—will become cheaper than the fossil-fuel option is greater 
than any of the individual probabilities. Anderson, moreover, suggests 
that his estimates are conservative.7 As Goodstein (2002) shows, 
prior estimates of the cost of achieving any given environmental target 
usually prove high. This is because policies introduced to achieve the 
target very often stimulate the development of new technologies that 
are unanticipated when the target is announced.

I conclude that government support for increased R&D can rea-
sonably be expected to deliver lower costs for alternatives to CO2-
emitting energy sources. Support for R&D also has the advantage 
that resources are truly committed because they are spent now, rather 
than being promised in the future. Technology innovation induced 
by appropriate policies is thus a realistic way to make it economical 
for all countries, including developing countries, to reduce their CO2 
emissions. It accomplishes what is necessary: a transfer from rich to 
developing countries to induce the latter to cut emissions, albeit with 
some delay, in a manner that is most likely to be acceptable to the 
public in the developed world.

A new agreement will take advantage of those domains where 
there is public support for domestic action in the various countries. 
In developed countries, this means cap-and-trade, a greatly increased 
fi nancial commitment to R&D, and the expansion of existing labeling 
programs and standards to promote energy effi ciency.

In developing countries where there are chronic shortfalls of elec-
tricity, and where the import bill for petroleum is rising, there is 
considerable interest in improving energy effi ciency.8 An  international 
agreement can facilitate information and technology fl ows in this 

7 Anderson has already been proven correct in at least this part of his story. His 
baseline estimates assume an oil price of $30/barrel, with another scenario using 
a price of $50/barrel. The price at the time of writing is about $70/barrel.

8 For example in 2001, India passed an Energy Conservation Act creating a 
Bureau of Energy Effi ciency that is supposed to advise government regulators 
and disseminate information. The Bureau has adopted a labeling program 
for the energy effi ciency of appliances that is being expanded to cover more 
domains.
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domain. A formal agreement for the exchange of expertise and 
 information between agencies in each country that are responsible for 
regulating energy, GHGs, and associated pollutants could improve the 
quality of regulation in many countries. Labeling, smart metering and 
billing, and other information programs to promote effi cient appli-
ances and reduced energy consumption have been widely used in the 
United States and the European Union and are estimated to have had 
a considerable impact on energy consumption (Stern 2007).

One issue that arises immediately is the prospect of shifting 
baselines. Countries that anticipate being net sellers of permits in 
a global cap-and-trade scheme may want to postpone emission 
reductions until they can be paid for them (Narain and van’t Veld 
2008). With regard to energy effi ciency, this may not be a serious 
problem in  practice because postponing energy-saving improvements 
is  immediately costly for the countries concerned, while the prospect 
of profi ts from  emissions trading is highly uncertain. Developed coun-
tries could encourage early action by committing not to disadvantage 
countries that put energy-effi ciency measures in place before other 
countries do.

In the case of equipment and appliances, technology is largely 
embodied in machines. An information problem arises because 
 consumers fi nd it hard to evaluate the energy costs that will accrue 
after they purchase the machine.9 Labeling programs and standards 
can address this problem. In the building sector, however,  technology 
has to be disseminated to builders and architects—in addition to 
information being given to consumers. Therefore funds are needed for 
information dissemination in this sector. The Government of India has 
proposed a technology fund (GOI 2005), to be fi nanced by all coun-
tries, that could be used for this purpose, among others.10

Urban transport is another sector in which information sharing 

9 Consumers appear to systematically under-estimate costs they will incur in the 
future. See Stern (2006, Section 17.2) and the references therein. In other con-
texts, fi rms take advantage of consumer myopia by locking them in to future 
purchases of supplies after offering a discount on the up-front purchase of 
equipment; see, for example, Gabaix and Laibson (2006).

10 The Government of India’s proposal is for a fund to fi nance technology transfer 
to developing countries. It leaves open the issue of relative contributions to the 
fund. It also proposes a new network of research institutes for energy issues 
modeled on the CGIAR (Consultative Group for International Agricultural 
Research) network to be fi nanced by developed and developing countries.
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and fi nancial support to local authorities may make a signifi cant 
difference in future carbon emissions. The world’s urban popula-
tion is expected to increase from 3 billion to 5 billion by 2030, with 
nearly all the increase occurring in developing countries (UN 2004). 
Improved planning and design of public transport systems could 
greatly reduce attendant growth in carbon emissions and help avoid 
locking in motor-vehicle intensive patterns of development. While 
urban governance in developing countries is often dismal, there is a 
felt need for reducing traffi c congestion and pollution. For example, 
the Confederation of Indian Industry has been trying to promote 
public transport improvements in many Indian cities, since traffi c 
congestion is proving to be very costly for its members (CII 2007). 
Creation of an international body that would provide information 
and expertise to local authorities on these issues could promote the 
diffusion of successful approaches to urban transport planning.11 
Financial support for demonstration projects would accelerate the 
process. The emphasis should be on fi nancing of public projects that 
are very well-monitored and can be modifi ed after study and then 
scaled up.

Perhaps the most important sector in which international  information 
exchange and technological cooperation is needed is in agriculture. 
Developing country governments have stressed the importance of 
adaptation to climate change as an issue in any international agreement 
because they will be affected earlier and more severely than developed 
countries, even if emissions mitigation measures succeed in holding 
the global mean temperature increase to 2 degrees Celsius or less—a 
target that appears increasingly unlikely (GOI 2008). Agriculture is 
the sector in which, perhaps more than in any other, research has a 
public good characteristic. With the exception of a few inputs such 
as hybrid seeds and fertilizers, technology is disembodied rather than 
embodied in products. Firms are farms—and in developing countries, 
typically very small farms. As a result, the externalities associated with 
a new disembodied technology can be enormous. Moreover, when the 
use of improved technologies entails adopting a set of complementary 
new practices, diffusion and learning may not be easy. Thus the public 
sector takes on a crucial role.

As the climate changes, farmers will be able to adapt only to a 

11 Diffusion of “best practice” policies is discussed in Aldy and Stavins (2008).
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limited extent with existing technologies, and, in much of the tropics, 
conditions will become much less favorable. In these circumstances, 
technological progress in agriculture that anticipates future conditions 
is critical (Brown and Funk 2008). Food security in South Asia and 
Africa is most seriously threatened by climate change, so international 
funding and technology transfer for these regions’ crops should be an 
important part of any international agreement (Lobell, Burke et al. 
2008).

Research is also needed to address the potential for reducing 
GHG and black carbon emissions from agriculture. Such emissions 
are signifi cant in South Asia (Venkataraman, Habib et al. 2006). 
Agriculture’s “economic potential” for GHG reductions by 2030 is 
estimated to be comparable to that associated with changes in energy 
supply and is second only to the emissions-reduction potential of the 
buildings sector (IPCC 2007). For example, recent research (Marris 
2006) suggests that adding charcoal to soil can increase fertility. 
Since charcoal is a stable form of carbon, it can also be used to 
sequester carbon from biomass that would otherwise be returned 
to the atmosphere. In sum, efforts to expand the mission of inter-
national agricultural research to include climate mitigation must be 
well-funded, otherwise adding this new focus could actually divert 
resources away from the original and primary objective of raising 
food output.

An international climate agreement can require developed countries 
to increase the funding they provide for international agricultural 
research through, for example, the CGIAR12 group of institutions that 
was so important for the Green Revolution. It can require developing 
countries to make matching investments in their own national agricul-
tural research systems and in their agricultural extension services so 
that new farming technologies and techniques can diffuse faster.

To summarize, it is not at all clear that it is either necessary, 
desirable, or realistic for developing countries to agree to binding 
emissions cuts in the next phase of an international agreement. At 
this stage, it is probably more realistic to try to get an agreement 
that will institutionalize technical cooperation between all countries 
and provide for fi nancial support from the developed world for the 

12 CGIAR stands for Consultative Group on International Agricultural Research. 
More information on this organization is available at www.cgiar.org.
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spread of  technologies and practices that would cut emissions in 
developing countries. Energy conservation in buildings, transport, 
and industry, and technical progress in agriculture are areas where 
developing countries would see signifi cant co-benefi ts from emissions 
cuts, so these are areas that should be included in an agreement. 
While an agreement need not bind developing countries to specifi c 
cuts, it could bind them to specifi c policies (on energy effi ciency, for 
example) and require them to monitor the impacts of such policies 
on emissions.

Huge emissions reductions will be necessary over the next few 
decades to address global climate change. The major action needed to 
realize those reductions involves promoting research and development 
that will make low-carbon and carbon-neutral energy sources competi-
tive vis-à-vis fossil fuels. Developed countries will have to support this 
development not only through domestic regulation, taxes, and tradable 
permits for fossil-fuel use, but also by committing more government 
funds to R&D on non-carbon energy sources.
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20 Climate accession deals: new 
strategies for taming growth of 
greenhouse gases in developing 
countries
David G. Victor 1

Effective strategies for managing the dangers of global climate change 
are essential yet diffi cult to design and implement. One of the greatest 
diffi culties is in devising a policy that will engage developing countries 
in the global effort. Those nations, so far, have been nearly universal 
in their refusal to make credible commitments to reduce growth in 
their emissions of greenhouse gases. Most put a higher priority on 
economic growth—even at the expense of distant, global environmen-
tal goods. And most have little administrative ability to control emis-
sions in many sectors of their economy. Even if they adopted policies 
to control emissions it is not clear that fi rms and other actors within 
their countries would follow. To be successful, a strategy for engaging 
developing countries must create stronger incentives for these coun-
tries to adjust their development patterns while also fi xing (or navigat-
ing around) the administrative barriers that would make it diffi cult for 
these governments to honor international commitments.

Such problems are hardly new in international affairs. Diplomats 
have considerable experience designing instruments to address situa-
tions where countries have little interest in cooperation or are unable 
to implement their commitments. Those instruments have included 
sticks (e.g., trade sanctions) and carrots (e.g., subsidies for projects 

1 This chapter is part of a larger book project on more effective “post-Kyoto” 
strategies for managing climate change that the author has under way. Thanks 
to Joe Aldy and Rob Stavins for the invitation to contribute this part of the 
research to the Harvard Project on International Climate Agreements; they, 
Robert Keohane and an anonymous reviewer provided particularly helpful criti-
cal comments on a draft. A special thanks to Xander Slaski for terrifi c research 
assistance and Michael Wara for joint research on the troubles with the Clean 
Development Mechanism (CDM). The ideas discussed here are elaborated in 
fuller detail in Victor (2009).
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that reduce emissions and for administrative capacity building). So 
far, however, the sticks and carrots that have been mobilized in the 
area of climate change have not had much impact on investment and 
behavior in developing countries. All the sticks that have been con-
sidered are costly to deploy in the real world. Trade sanctions and 
border tariffs, for example, have been widely discussed and included 
in some draft legislation.2 Yet in practice such border measures prob-
ably would be an administrative nightmare to design and apply and 
actually threatening or deploying them would undermine the already 
political fragile consensus for liberal trade policies in the World Trade 
Organization (WTO) and other trade-promoting institutions.3

Because sticks have proved diffi cult and costly to brandish, espe-
cially in these early years of developing an effective global regula-
tory regime where a tone of cooperation is essential, most practical 
efforts to engage developing countries have focused on carrots. The 
industrialized countries have created new funds and programs to help 
pay the extra cost of new low-emission technologies and to ease the 
process of adapting to a changing climate. In practice, however, these 
explicit funds have been very small when compared with the magni-
tude of the task because it has been exceptionally diffi cult to muster 
the political support for large and visible income transfers—especially 
if such funds were to subsidize activities in the most rapidly develop-
ing economies that are also the West’s most formidable economic 
competitors.

Because explicit fund transfers are politically toxic, most diplomatic 
effort has instead focused on the Kyoto Protocol’s Clean Development 
Mechanism (CDM)—a carrot that is politically more popular among 
donor countries in part because the income transfers that it mobilizes 
are less visible and not directly on government budgets. While the 
CDM has encouraged investment in a large pipeline of projects and 

2 For example, Morris and Hill (2007) propose a sanctions-like mechanism tar-
geted against developing countries that could be included in US legislation; in 
parallel, the French government discussed possible sanctions against the United 
States for failure to adopt meaningful limits on emissions.

3 The WTO legality of such sanctions is hotly contested (for a review, see, e.g., 
Pauwelyn 2007). My assessment here is based on the extreme challenge of devis-
ing a sanctioning system that would account for diffi cult to observe differences 
in production methods and the likelihood that such a system would violate the 
spirit and probably also the letter of the Article XX exceptions in the General 
Agreement on Tariffs and Trade (GATT)/WTO trade law system.
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investments, the mechanism is running into serious trouble. There is 
growing evidence that many (probably most) CDM projects do not 
represent real reductions in emissions. And the majority of actual 
credits issued under the CDM represent investments for which the 
rewards under the CDM far exceed the actual cost of implementing 
the projects.4

Certainly it is possible, in theory, to improve the existing toolbox of 
sticks and carrots. Fundamentally, however, these tools are unlikely to 
offer a full strategy for engaging developing countries. It is hard to envi-
sion how governments could craft more effective trade sticks without 
seeding nasty trade disputes that, eventually, would require rewriting 
the expectations of WTO members in an era when the WTO is already 
unable to forge consensus on its existing agenda.5 Tightening the 
CDM so that credits were issued only to bona fi de projects would nec-
essarily laden the mechanism with higher operational cost and would 
probably relegate the CDM to a niche role that, while valuable, would 
hardly deliver the massive investment scheme that developing coun-
tries had envisioned when they embraced the CDM as their favored 
way to engage with the global effort to regulate emissions.6 And even 

4 See, e.g., Wara (2007) on over-compensation for the industrial gas projects 
that are the majority of actual emission credits issued under the CDM to date 
as well as Wara and Victor (2008) and Schneider (2007) who question whether 
signifi cant fractions of the CDM pipeline represent real reductions in emissions. 
Those papers and others have triggered a wave of investigative reports on par-
ticular projects and echoed such concerns about false crediting.

5 The WTO system has blessed trade restrictions in a few areas, such as the waiver 
for the Kimberley Process that allows countries to bar imports of diamonds 
from countries that do not adhere to the Kimberley norms (Jojarth 2009). These 
are important exceptions, but they arise in special circumstances where export-
ers are unwilling or unable to challenge the restrictions; signifi cant border tariffs 
or other restrictions linked to greenhouse gases are likely to be different.

6 A large effort to tighten the rules is important, but I do not explore its modalities 
further here. A better CDM could be a pivotal element of a strategy that would 
encourage integration of the many different emission-trading systems “bottom-
up” through linkages around high quality emission credits. Such integration 
would yield more cost-effective and global emission-trading systems and would 
also create stronger incentives to price emission offsets according to their under-
lying quality. I have explored that issue elsewhere (Victor 2007) and others have 
explored trading linkages and the CDM in more detail (e.g., Jaffe and Stavins 
2008). My view on the CDM is that credibility and integrity are paramount 
goals and should be pursued even at the expense of a large and liquid trading 
system; for an opposite perspective that offers a strategy that would probably 
lower the integrity of the CDM, but increase the fl ow of emission credits and 
thus integration with the emerging markets see Keeler and Thompson (2008).
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a reformed CDM will not solve the problems that plague most offset 
systems. Offset systems are easiest to administer when they reward 
marginal changes in technology and behavior that are easy to measure 
and assign as truly “additional.” Even more problematic is that offset 
systems are rife with incentives for project sponsors to hide the truth 
about actual investment plans because, by design, offset schemes only 
reward investments that deviate from existing plans. These plagues are 
a problem because truly engaging developing countries will require 
fundamental changes in technology and behavior that are deeply inte-
grated into countries’ investment strategies for which it is impractical 
to parse marginal from fundamental incentives.7

Some analysts have imagined avoiding these problems by engaging 
developing countries in a full-blown system of emission trading rather 
than a CDM-like system of offsets. But realizing that outcome is little 
different from inventing a new form of currency. It requires solving the 
politically diffi cult task of setting acceptable emission targets in devel-
oping countries—which those countries have studiously rejected in the 
past—as well as devising the mechanisms for monitoring and enforc-
ing compliance with trading systems that will require exceptional 
administrative capabilities. Integrating those systems with markets in 
the Western countries, such as the European Union Emission Trading 
Scheme (EU ETS), may also introduce new sources of volatility in 
prices and fi nancial fl ows due to the large swings in emission trajecto-
ries present in developing countries. (The last decade, for example, has 
seen a huge upward revision in expected emissions from China and 
India. The last quarter of 2008 has seen a huge downward revision as 
those economies, notably China’s, have suffered in the world fi nancial 
meltdown.) New safeguards on permit fl ows and pricing fl oors and 
caps may be needed, although there has been neither serious effort 
to devise those mechanisms nor testing of how they could function in 
the real world. To be sure, these problems may be easier to address by 
focusing on just a few of the better administered sectors of developing 
country economies; moreover, a much tighter and more predictable 
CDM could facilitate some linkages. Such efforts should be pursued, 
but they are likely to yield isolated and fragmented efforts that do not, 
on their own, encourage investment in the large array of opportunities 

7 Elsewhere, I have explored the problems and remedies for CDM in more detail 
(Wara and Victor 2008; Victor 2009).
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to reduce emissions from developing countries and to engage those 
countries diplomatically.

In short, all the main strategies for engaging developing countries 
do not appear to be poised to work. Some, such as sanctions, are 
stillborn. Others, such as the CDM, create the appearance of action, 
but mask the underlying reality that they do not have much impact on 
investment and behavior. Full-blown emissions trading is a fantasy.

This chapter suggests a new strategy that looks beyond the sticks 
and carrots that are the mainstay of today’s debate. While existing 
sticks and carrots can play a role, neither is well suited to encour-
age large-scale adjustment in developing country technologies and 
behavior.

First, I will outline some examples of such large-scale changes in 
policy and practice that align with developing countries’ own inter-
ests and could have a substantial (and growing) impact on emissions. 
Self-interest is the crucial starting point for these discussions because 
it assures that these initiatives are largely self-enforcing and likely to 
become integrated within the host developing country’s core policies 
and investment plans. Here, I discuss just a few illustrations, and 
elsewhere I have detailed many more (Victor 2009). The discussion 
here is quite similar to the burgeoning literature on “co-benefi ts”—a 
literature that has documented the many opportunities for develop-
ing countries to pursue local goals while also contributing to global 
aims (Smith and Haigler 2008; Creutzig and He 2009; Cordeiro et 
al., 2008). That literature, as with the argument here, is that there are 
many opportunities for such shifts that align with the interests of criti-
cal developing countries and which also, fortuitously, allow big reduc-
tions in greenhouse gases. However, much of the co-benefi ts literature 
has merely posited that these opportunities exist; the present chapter 
focuses on the actors and organizations that would need to change 
behavior and offers a vision for how that could be achieved.

The task for the industrialized nations—who are presently more 
enthusiastic and able to pursue the mission of slowing climate 
change—is to identify the areas where they can play a constructive 
role in crafting the policy reforms and investments needed to encour-
age these changes within the developing countries. In this chapter, 
I will call these “Climate Accession Deals” (CADs) because of their 
similarity to the accession arrangements that are made when countries 
join the World Trade Organization (WTO).
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Most of these deals will require external resources—such as 
 technology, money, administrative training, security guarantees, or 
other actions that the enthusiastic nations and international  institutions 
can provide. Mobilizing such resources—especially if they include 
politically sensitive income transfers—will be politically  challenging; 
thus, there is a special premium on minimizing and tailoring such 
resources to the needs of the particular deal. By focusing, fi rst, on host 
country interests each CAD can be tailored to gain maximum leverage 
on emissions while minimizing the need for external resources.8

Because CADs will be complex to design and implement, they must 
be small in number and therefore focused in areas with extremely high 
potential for leverage. This approach is nearly opposite to the CDM, 
which prizes large numbers of broadly distributed projects based on 
a few cookie-cutter methodologies. Unlike the CDM—which requires 
that project sponsors demonstrate, for purposes of asserting “addi-
tionality,” that their investments are not otherwise in the interest of 
the host country—CADs are based on aligning external compensation 
with host country interests. Such an approach, I argue, will create a 
scheme that is more stable, scalable, and self-enforcing. Moreover, 
alignment with host country interests will also make it politically 
easier to extinguish external compensation as the developing coun-
tries become more enmeshed in the global institutions for addressing 
climate change and as they learn more about the dangers of unchecked 
climate change and become more willing to devote their own resources 
to controlling emissions. CADs do not eliminate the long-term need 
for developing country regulation of greenhouse gases to converge 
with the stricter efforts in industrialized countries; rather, they create 
the right incentives for that convergence to occur quickly, effectively, 
and with minimal provision of external resources.

Second, I offer a design for the institutions that could facilitate 
this deal-oriented approach to engaging the reluctant nations. Those 
institutions include a bidding scheme so that the suppliers of deals are 

8 By contrast, external compensation in the CDM is largely not determined by the 
size of resources needed because the value of CDM emission credits is priced in 
markets—mainly the EU ETS—that bear little relationship to the actual need for 
compensation. Thus, most of the CDM credits issued to date have concerned 
industrial natural gas projects that have yielded huge infra-marginal rents for 
their sponsors (Wara 2007), but those rents have not generated any additional 
reduction in emissions.
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forced to compete and thus minimize the need for external resources. 
They also include a much stronger international mechanism for scruti-
nizing potential deals to ensure that they represent genuine additional 
effort.

The international institutions that I outline here will seem complex 
and intrusive in the eyes of scholars of international environmental 
diplomacy, but they are not much different from the institutions that 
govern the most important areas of international economic coordina-
tion, such as trade and some macroeconomic policy. Relying on the 
WTO model is instructive. All WTO members subscribe to common 
norms and principles and new members negotiate a transition—often 
extending over a long period of time—to that common core. Accession 
talks are complex, intrusive, and especially time-consuming when the 
stakes are large. Applied to the problem of climate change, accession 
deals would prescribe the norms that would apply when new members 
were full members of the institutions that govern climate change while 
also tailoring the compensation—which could extend over many 
decades—that would ease the path to full membership.

While I rely on the WTO experience as a guide, other international 
economic institutions offer similar models—such as the policy-review 
process in the Marshall Plan and the Organisation for Economic 
Co-operation and Development (OECD); the macroeconomic reviews 
of countries under Article IV of the International Monetary Fund 
(IMF) Agreement; and accession to the European Union. In all, 
incentives—initially carrots but eventually also sticks—are tailored 
to encourage a transition into full regime membership. None of these 
models is perfect, but they are reminders that the problems of climate 
change—especially those related to mismatched interests and adminis-
trative capabilities—are matters of economic coordination and wholly 
new playbooks for managing such problems need not be invented. Yet 
most diplomacy on this issue has been guided by lessons from envi-
ronmental cooperation where the toolbox is stuffed with instruments 
and experiences that are not adequate to the magnitude of the tasks in 
building an effective climate change regime.

Climate accession deals

Briefl y, my overall argument is that a series of deals must be struck 
with the main developing countries. Each deal must be crafted with 
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attention to two attributes. First, the deals must align with the  interests 
of the host country because commitments that refl ect national interests 
tend to be self-enforcing and easier to replicate on a large scale. At the 
international level, there is a special premium on such commitments 
because effective enforcement mechanisms are rare—especially in the 
early stages of building a regulatory regime, as in the case of climate 
change today. Second, these deals must minimize the need for exter-
nal resources—especially on-budget income  transfers—because such 
resources are especially costly to mobilize. In this section, I provide 
four examples of deals that illustrate these attributes. Elsewhere, 
I have outlined more than a dozen other examples (Victor 2009). 
These arrangements are unlike the CDM, which attempted to engage 
developing countries by altering incentives at the margins and sought 
to avoid the political sensitivity of resource transfers by shifting 
resources through less visible (yet more diffi cult to regulate) credit-
trading schemes.

China

We start with China because that country’s emissions are the largest 
and its growth the highest, which offers the potential of large leverage. 
Those high emissions stem from the country’s heavy dependence on 
coal, which accounts for 69 percent of its primary energy system (EIA 
2006). Throughout the 1990s, structural reforms in China caused a 
decoupling of energy demand from economic growth, with the former 
growing at about two-thirds of the rate of the latter. All that changed 
around 2000 as Chinese economic growth turned more aggressively to 
heavy industry and thus hinged, to a greater degree, on energy (Rosen 
and Houser 2007). Since then, the country’s stellar economic growth 
has driven a similar rise in energy demand which has in turn caused 
shortages in energy supply and upward pressure on energy prices 
that has been felt worldwide. (Since October 2008 the pendulum has 
swung in the opposition direction—steep declines in economic growth 
have caused surpluses of commodities and energy supplies. Most ana-
lysts expect these surpluses to be short-lived, but they could radically 
slow the growth in Chinese emissions for a year or two.) Chinese offi -
cials know that this rapid growth poses a danger for their economic 
health and thus have initiated a broad program with the aim of, once 
again, decoupling economic growth from energy  consumption. Those 
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efforts include pressure on power generators to install more effi cient 
coal-fi red power plants (and now that the power supply is growing 
in tandem with demand, incentives to close older ineffi cient plants), 
standards on energy-using appliances from refrigerators to automo-
biles, and an aggressive economy-wide goal of reducing energy inten-
sity 20 percent by 2010. These efforts are underway on their own logic 
and will also reduce growth in carbon dioxide (CO2), although the 
ambitious 20 percent goal may not quite be met.

In addition to what China is already doing, what more could be 
achieved with a fuller focus on the effort and perhaps external assist-
ance? I concentrate here on the power sector because it is still under 
strong direction from the central government and the governments of 
the major provinces. There are many opportunities, notably in improv-
ing the effi ciency of power plants and the grid. Here, I focus on natural 
gas. Given the extremely low cost of coal, it seems unlikely that China 
will make a strong turn to natural gas in the foreseeable future. It has 
already indicated that it wants to shift to a greater share of natural gas 
to help balance its power generation portfolio away from its high reli-
ance on coal, but so far it has fallen short on its own goals for natural 
gas due to rising costs for the fuel (most natural gas that the country 
would import has been offered on terms that are linked to the price of 
increasingly costly oil) and due to fears of insecure supplies.

China has little natural gas of its own except in its far west—that 
the country’s fi rst major natural gas supply project was a long and 
uneconomic pipeline from its western supplies is a sign of the prior-
ity that the country places on energy security. China can speed its 
shift to natural gas by tightening local air pollution rules—a move it 
already favors to clear the skies in polluted cities—since tighter rules 
also tilt the balance away from coal (which requires costly pollution 
clean-up equipment) toward cleaner fuels. It can also build a network 
of liquefi ed natural gas (LNG) reception terminals with a diversity of 
foreign suppliers, which would give the country more options in case 
a particular supply was curtailed. It can also work to reduce transit 
interruptions in natural gas supply such as those from pirates or 
through interdiction on the sea lanes. With other large LNG import-
ers (and countries that depend on safe sea lanes), there could be joint 
exercises, confi dence building, and anti-piracy squads in crucial transit 
choke points such as the Strait of Malacca. China must also engage 
more directly with the fact that its most cost-effective natural gas sup-
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plies come from neighboring Russia. To date, Sino-Russian wariness 
along with Russian natural gas monopoly Gazprom’s vision that it 
should export its natural gas to Western Europe for the best price has 
made China wary of depending on Russia. Outsiders cannot fi x this 
problem, but they can make it easier to strike deals that will be self-
enforcing once new pipelines are in operation, just as the big Soviet 
pipelines built in the 1970s and 1980s to Western Europe have been 
remarkably reliable suppliers of natural gas once they had been put 
into operation.9 A compact with Russia, China, and Europe may be 
needed to give Russia and China, alike, the confi dence they need to 
develop a bilateral natural gas supply arrangement. Western nations 
offering diplomatic assistance provide a degree of assurance that 
would not otherwise be possible. Because natural gas emits about 
half the CO2 per unit of electricity generated, there is huge potential 
leverage in shifting to natural gas. Elsewhere, we have calculated that 
just one province in China (Guangdong) could cut its annual CO2 
emissions 100 million tons by 2025 if it tightened local air pollution 
regulations (Jiang et al. 2008).

India

Like China, India’s energy system hinges on coal. Thus, like China, 
the greatest leverage on India’s emissions lies with fi nding ways to use 
coal more effi ciently or supplanting coal. Beyond those similarities, 
however, the details of a viable engagement strategy in India vary 
markedly because the organization of India’s energy system is distinct 
and thus so are the challenges and opportunities for engagement.

The greatest opportunity for leverage on India’s emissions lies 
in boosting the effi ciency of converting coal to electricity. (As with 
China, there is great theoretical opportunity in boosting effi ciency 

9 Russia’s less reliable supplies in 2006 and 2009 are rooted in pricing disputes 
with Ukraine. When the Soviet Union existed, natural gas exports crossed few 
transit countries before they reached lucrative Western markets. The collapse 
of the Soviet Union yielded many more independent transit countries, notably 
Ukraine, and is a lesson that China knows it must heed. A direct gas export 
route from Russia is likely to be much more reliable than one that depends on 
transit countries. That logic helps explain China’s interest in circumventing 
Mongolia with a possible natural gas pipeline from Russia and also its keen 
interest in direct export of natural gas and other products from Kazakhstan, 
which borders China to the west.
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for direct coal combustion, such as its use in brick kilns, but it is 
hard to see how outsiders could have much impact since the Indian 
government itself is barely able to administer such uses.) Electricity 
is interesting not only because it is the largest single user of coal, but 
also because nearly all of the coal-fi red power system is owned by 
the state. India has a federal system of governance, and in the power 
sector, competence is shared between the central government and the 
states. The single largest operator of coal-fi red power plants is the 
centrally owned National Thermal Power Corporation (NTPC); I will 
focus there since it offers the greatest potential for leverage, though 
similar opportunities may also exist in some of the so-called State 
Electricity Boards (SEBs)—the regional state companies that also build 
and operate power plants. The SEBs are more challenging partners for 
controlling emissions leverage, though, as all are technically bankrupt 
and pulled in many directions by local political priorities, and most 
are badly managed. NTPC, by contrast, is remarkably well-managed 
for a government-owned corporation; it is in touch with technological 
opportunity, attentive to cost, and steeped in competence.

NTPC, while the most effi cient of India’s government-owned power 
generators, is notable for sitting far back from the world technologi-
cal frontier. It is building the nation’s fi rst “supercritical” coal-fi red 
plant—a less effi cient version of the “ultrasupercritical” plants that 
are the world’s most effi cient conventional coal-fi red power units. 
NTPC has realized that it has a strong incentive to fi nd more effi cient 
ways to burn coal because the era of cheap coal is over, but NTPC 
has little experience with these more effi cient plants. Its counterparts 
in developed nations, such as equipment suppliers, can assist in this 
process.

Nearly all coal in India is supplied from a consortium of govern-
ment-owned coal-mining companies held by the behemoth Coal India 
Ltd (CIL). The consortium members of CIL vary radically in their 
performance, but all are running into trouble as they dig into more dif-
fi cult to mine coal seams, produce lower quality coal, and depend on a 
creaking transport infrastructure of railroads that is barely able to keep 
up with demand. Over the last two years, the stockpile of coal on hand 
at key power plants has dwindled to a few days. Efforts to reform the 
coal supply system—such as by allowing private ownership of mines, 
forcing better accountability in CIL, rationalizing rail rates—are 
making only halting progress due to massive political obstacles. Even 
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seemingly obvious steps such as encouraging more washing of coal 
have been diffi cult. Coal washing removes impurities before shipping 
so that the product actually moved contains more useable content; 
by some estimates perhaps as much as one-third of the “coal” that is 
moved in India is actually rocks that do not burn. Yet a pricing system 
that is based on weight rather than British thermal units (BTUs) does 
not reward use of this process.

These problems in coal supply are hard and slow to fi x. Part of the 
solution is to allow coal prices to refl ect scarcity and to encourage a 
shift to more reliable supplies of imported coal. Efforts on both fronts 
are underway—for example, a rising share of India’s coal is priced in 
electronic auctions rather than through the government’s central plan-
ning system of “linkages”—and that means that coal is becoming much 
more expensive. Imported coal, too, is much costlier than it was a decade 
ago, and the fundamentals in international coal supply portend high 
prices into the future. For NTPC, these supply trends put a premium 
on effi ciency. A program to rebuild old coal-fi red power plants with 
advanced supercritical units and to test deployment of ultrasupercritical 
plants could help the country lift its average coal combustion effi ciency 
from 29 percent to perhaps 35 percent over two decades. Looking to 
2025, such a program could avoid about 600 million tonnes of CO2 
annually (Victor, 2009). The Indian government has already removed 
the most serious obstacle to this approach by dismantling in the 1990s 
the requirement that coal-combustion technologies be supplied only by 
Indian vendors. A viable plan to work with NTPC (and perhaps some 
of the better managed SEBs) to apply new technologies could work on 
two tracks—one with outside vendors (perhaps using export-import 
fi nancing from countries keen to export the technology) and the other in 
consortium with India’s main equipment manufacturer (Bharat Heavy 
Electrical, Ltd.) so that the two ventures compete. NTPC would be a 
welcome partner not only because this aligns with its severe problems 
in coal supply but also because the fi rm is suffering some reputational 
harm from being the world’s third largest source of CO2. Scrutiny of 
its carbon footprint on the planet is already growing in India since that 
news was fi rst reported in April 2008.

Such a program would operate under the useful shadow of competi-
tion from private investors in power plants as India has just embarked 
on a program to build up to fourteen “ultra mega power projects”—all 
based on private investment for power parks that would rely partly on 
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captive coal mines and mainly on imported coal. All of the ultra mega 
power parks are expected to use supercritical technology; it would 
be useful to explore whether some may even use ultrasupercritical 
technology or even Integrated Gasifi cation Combined Cycle (IGCC) a 
decade or so down the road when the technology is further along.

Indonesia

After Brazil, Indonesia is the world’s biggest deforester by area (FAO 
2005, Chapter 2). A deal to stem deforestation could be crafted along 
terms similar to those outlined elsewhere for Brazil (Victor, 2009). 
Uncomfortable choices will be needed to help arm the Indonesian 
police; assurances will be needed so that such resources are actually 
used for enforcement. Corruption, long rampant in the forest regions of 
Indonesia, will need special scrutiny. The challenges to such a deal will 
be many, but such is the nature of getting a grip on CO2 emissions.

Indonesia offers a special opportunity because its deforestation occurs 
in many different types of soils, and one type of  deforestation—by 
fi re on peat soils—is the country’s main source of CO2 emissions. 
Peat soils are a particular concern because they are especially rich in 
carbon and while any clearing will release some carbon, fi res are par-
ticularly intensive in their carbon release. In the past, regional efforts 
in Southeast Asia have attempted to ban all land clearing by fi re, the 
main cause of a haze that appears across the region—reducing vis-
ibility and causing severe health effects. The clearing season during 
the dry years of 1997–1998 was particularly bad and animated such 
regional attempts. So far, however, they have not had much impact 
because they run contrary to the interests and capabilities of pivotal 
players—notably Indonesia, which hosts most of the peaty fi res. A 
fresh attempt, animated not just by regional haze but also by global 
climate change, could navigate around this problem by focusing fi rst 
on the fi res that have the largest externality (i.e., peat consumption) 
while posing less threat to the underlying agricultural and palm plan-
tation activities that give rise to the need for forest clearing. With 
success, a peat-focused effort could expand to other soils.10

In practice, focusing on peat probably would require external assist-
ance. Help is needed to build Indonesian capacity to map the country’s 

10 This proposal for a peat-focused program is inspired by Tacconi et al (2008).



Climate accession deals  631

soils and understand the major sources of fi re threat. Monitoring and 
technical assistance, in the context of a broader engagement with inter-
national scientists, could be essential. A better police force could, in 
time, enforce a ban on clearing peat lands. There may be places where 
such a ban would be impractical because it would be seen as an effort to 
ban commercially productive use of the land altogether. In those cases, 
a fund could be established to pay the extra cost of manual non-fi re 
clearing. (Clearing by fi re is preferred by land owners when there are 
no constraints on their actions because it costs about one-fourth of the 
amount of manual clearing.) While the exact emissions are diffi cult to 
calculate, an analysis of the 1997 wildfi res in Indonesia found that the 
emissions from that event were approximately equal to 13–40 percent 
of worldwide annual emissions from fossil fuels.11

Gulf states

Finally, I speculate whether the countries that have been most wary of 
climate policy—the oil-exporting Persian Gulf states such as Kuwait 
and Saudi Arabia—may be engaged in useful ways. These are not 
reluctant nations—rather, many are hostile to the mission of cutting 
CO2 emissions. Engaging them, if feasible at all, will require measures 
that strictly align with their interests. Their largest sources of emis-
sions come from consuming oil, and unlike most other countries—
which are becoming more effi cient in their oil consumption thanks 
to higher international prices—the Gulf states generally insulate their 
populations from the real cost of oil. Higher oil prices beget much 
higher emissions. Certainly the petro states could raise internal prices 
for oil and also build more effective natural gas supply systems (which 
would reduce the need for oil in power generation and also, fortui-
tously, allow deep cuts in CO2 emissions). But outsiders will have little 
infl uence on this process except to discuss the need for such reforms 
and to provide advice, where useful, on ways to shift toward more 
effi cient and lower-carbon energy systems.

Outsiders could have more leverage in the Gulf petro states on 
deployment of carbon-storage systems, however. If successful, carbon 
storage could help lower that region’s emissions, accelerate  deployment 

11 The paper estimates that between 0.81 and 2.57 Gt of carbon were released 
during the 1997–1998 forest fi res. See Page (2002).
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of the technology worldwide, and squarely advance the  interests of 
the Gulf states because the most interesting niche for testing carbon 
storage at scale is in enhanced oil recovery. BP, plc (the former British 
Petroleum) is far advanced in the region’s fi rst demonstration plant—
an enhanced oil recovery and carbon-storage venture in Abu Dhabi. 
The Gulf, by virtue of its rich oil production, is well endowed with 
empty pore space suitable for carbon capture and storage. Other Gulf 
states may follow suit after Abu Dhabi’s demonstration, and the West 
should be willing to help clear roadblocks and share technology where 
needed although most of these projects will probably proceed on their 
own commercial merits. It is hard to assess how much CO2 could be 
stored through such ventures, but a Gulf-wide initiative in this area 
may scale up over the lifetime of large new investments in the power 
sector and new oil production fi elds (i.e., about 15–20 years) and 
the level of effort could be on the order of magnitude of 100 million 
tonnes CO2 per year. An effort on that magnitude would involve 
50–100 projects on the scale of the large CO2-injection projects 
already being tested in Norway or Algeria and is roughly comparable 
with all planned CO2-injection projects worldwide today.12

Institutions for engagement

The previous section outlined a set of opportunities for deep cuts in 
CO2 emissions across a relatively small number of efforts. All these 
share a few essential attributes:

They are anchored in host countries’ interests and capabilities and • 
thus do not require the extremely diffi cult task of crafting interna-
tional agreements that run contrary to a country’s core interests;
They are limited in number, and all yield large leverage—each • 
on the order of 100 million tonnes of annual emissions within a 
decade, growing as the investments become more pervasive in the 
host economy and society;
All involve a complex array of interests and institutions, notably in • 
the host country, and thus must engage private enterprise and gov-
ernment ministries that are far beyond the environmental and foreign 
affairs ministries that have dominated climate diplomacy to date;

12 Injection rates for particular projects and for the totality of world efforts in 
carbon storage are reported in Rai et al. (2008).
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All are replicable and scalable. Where they succeed, they offer • 
paths for similar “deals” (at lower cost) in other countries and are 
self-reinforcing in the original host country. This self-reinforcing 
attribute makes them the opposite of the CDM logic, which rewards 
only reductions below a baseline. These “deals” are about changing 
the baseline, not crediting against it.

How could such deals be crafted in a way that did not simply 
replicate the problems of the CDM—in which efforts are made and 
resources transferred without much impact on underlying behavior? 
Once industrialized and developing countries focused on such deals, 
what would sustain cooperation so that the deals expanded in scale 
and scope? And how could these deals help pave the way for fuller 
regulation of greenhouse gases in the developing countries? This 
section answers those questions.

My answers are rooted in new international institutions that would 
elicit “bids” from the developing countries on possible CADs and then 
assess those bids as well as performance in actually implementing CADs. 
That process can also, in time, manage the convergence between the 
reluctant countries (who engage in the collective effort only through 
CADs) and the enthusiastic countries (who engage by spending their own 
resources on policies such as applying a price on carbon in their home 
economies, supporting novel technologies, and providing the external 
resources needed to make CADs work). The rest of this section addresses 
those three functions—bidding, assessment, and convergence.

Bidding

The process of assembling CADs must begin with the host  country—in 
particular, its government. This is due to the fact that the host gov-
ernment has four advantages that no other actor enjoys. First, it can 
make the most credible long-term commitments on behalf of its ter-
ritory and thus is the best locus for accountability. Second, nearly 
always, the host government is able to mobilize the most reliable and 
widely accepted information about the actual baseline of policies and 
efforts that are planned, and it can best contemplate how those may 
be adjusted as part of a CAD. Third, the host government knows the 
most about what it can actually implement in different sectors of its 
economy. And fourth, there is rarely any other actor that can better 
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assemble the complex array of stakeholders needed for high-leverage 
CADs—the industrial and economic development ministries, state-
owned power corporations, etc. Thus, the bidding must begin with 
the host government.

To make these CADs feasible, outsiders—the enthusiastic nations—
will be expected to offer incentives that combine with real efforts by 
governments in the reluctant nations to alter development trajectories. 
The previous section outlined the incentives that may be required—
such as fi nancial resources in some cases, access and special licensing 
incentives for technology, or provision of security guarantees needed 
to assure reliable delivery of low-carbon fuels such as natural gas. 
But the central question remains: what can be done to elicit accurate 
information from the host governments (in the reluctant nations) on 
exactly what they really need? CDM has faltered on exactly this front 
because it has encouraged host governments and project investors to 
claim incentives that they did not actually need for the policies and 
investments that they pursued.

This problem is not new in international cooperation—it is analo-
gous to the accession problem in international institutions. The key 
task in accession is to entice a new member into the club (and thus 
create broader benefi ts for the club) while not overpaying (or under-
charging) the new member. When the terms of accession ex ante are 
relatively straightforward and vary in only a few important dimen-
sions, the problem can be fi xed readily. An auction, for example, can 
be used to force new entrants to compete and obtain the best price for 
entry. When the terms are more complex, broad competition is less 
feasible. The CDM has tried to operate on the former philosophy, and 
most proposals for CDM reform envision an even larger market and 
thus more effective commodity-style competition. In reality, almost 
every interesting mode for engaging developing countries involves 
efforts and investments of the latter type.13

The WTO offers a model through its accession process.14 Potential 
new members assemble bids of promises that they will offer in exchange 

13 The many visions for new international funds to invest in developing countries 
also, in general, seem to be based on the former philosophy and thus may be 
prone to fail unless their backers develop more sophisticated visions of the 
bidding and assessment process.

14 Here, for simplicity, I will speak of the “WTO” although the relevant experi-
ence extends much earlier than the formal creation of the WTO in 1995.
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for external benefi ts. In the WTO case, those external benefi ts are 
particular tariff concessions and, ultimately, most–favored-nation 
status and the other core benefi ts afforded to all WTO members.15 
Negotiations then proceed with any interested WTO member allowed 
to join the “working party” that shapes the fi nal accession agreement, 
which includes transition provisions and other concessions that often 
require radical changes in host-government policy.16 For small coun-
tries with clear benefi ts and few interested parties, the negotiations can 
proceed over a brief period; for larger countries, the effort requires 
years. On average, WTO accession negotiations require about fi ve 
years. In the case of CADs, the benefi ts may come in two forms—
general benefi ts afforded to all good-standing members of the global 
climate regime and then specifi c benefi ts tailored to each member. The 
general benefi ts, akin to the general benefi ts of WTO membership, 
could include access to the carbon markets in the enthusiastic nations 
for CDM-like offset trading as well as access to general-purpose funds 
(such as those being established at this writing within the World Bank) 
for emission-abatement projects, adaptation, and capacity building. 
The particular benefi ts, where I will focus the rest of this chapter, 
would include the external elements needed for the efforts under 
the CAD to proceed. While the WTO model is imperfect because it 
concentrates mainly on the negotiations that yield a transition to the 
general benefi ts of membership, it is nonetheless apt because the WTO 
experience reveals that the international community can organize such 
bidding and sustained negotiation.17 In every  signifi cant case of WTO 

15 On WTO accession broadly, see Michalopoulos (2002).
16 The most recent and important example of such large changes is China. For 

reviews of the accession process and its real impact internally in China, see, e.g., 
Farah (2006).

17 In other ways, the WTO model is also not ideal. For example, open access 
rules for joining access working parties allow, in effect, veto membership. The 
climate process may eventually arrive at that state, but when launching the fi rst 
round of accession deals, it would probably be better to limit the number of 
negotiating forums by establishing voting rules that are more permissive—for 
example, countries that account for half of the enthusiastic countries’ emissions 
could block approval of a country’s accession deal. (This approximates the 
rule adopted in the Kyoto negotiations, and such rules are important because 
they protect the enthusiastic countries from adopting strict emission controls 
only to fi nd that their most important economic competitors do not face such 
regulations.) Such a rule would force the industrialized countries to negotiate 
in blocks rather than singly. It would also tilt the balance, initially, in favor of 
encouraging expansion of membership and then, as the rules tighten, toward 
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accession, those fi rst bids are not accepted—rather, each interested 
WTO member begins bilateral negotiations with the candidate and, 
through the normal process of bargaining, arrives at a fi nal, agreed 
package. The negotiation process focuses on both what the host 
country is willing to concede and also what the WTO members think 
the host country is actually able to deliver.

A key to success with CADs will be the rules of transition. If CADs 
are seen by the reluctant governments as single one-off deals, then they 
will be reluctant to make the investments and adjustments needed for 
the deals to help put the country on a different development trajec-
tory. Moreover, a series of one-off deals probably will be more costly 
for donors because they could actually create incentives for reluctant 
nations to avoid making internal adjustments such as imposing a posi-
tive price on carbon and beginning to regulate sectors of the economy 
toward lower emissions. A solution to this problem is to ensure 
that the individual, tailored elements of each CAD are coupled to a 
broader set of expectations and a clear transition path for the country 
to adhere to general norms. (Those general norms may be codifi ed into 
the United Nations Framework Convention on Climate Change, or 
UNFCCC, or a protocol—akin to the general norms that were codi-
fi ed into the GATT.) That transition process could include milestones 
as well as visible commitments to extinguish external support as a 
country develops. By combining these transition commitments into a 
broader agreement their enforceability will rise because the commit-
ments will be connected to a broader set of membership benefi ts.18

The reluctant countries would bid packages of efforts such as those 
outlined here. Some of those efforts may be grand and interlocking—
requiring a major intervention by a complex array of other countries. 

more demanding accession talks. Encouraging larger early membership would 
help broaden the climate regime in helpful ways. The WTO, back in the 1960s 
when it was still the GATT, also had accession rules that tilted much more 
strongly in favor of approving new members when compared with today’s rules 
(which are not only tighter, but also cover a much broader spectrum of trade-
related activities).

18 Such a broader norm-based process may make it easier, eventually, to apply 
stronger sticks in future, including trade sanctions. A general agreement on 
climate change and the negotiated transition with each of the new entrants 
would create higher legitimacy (and expectation) of future enforcement than a 
series of one-off deals.

 Footnote 17 (cont.)
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For example, China may bid the creation of an East Asian natural gas 
pipeline grid that connected Russia’s continental natural gas supplies 
with markets in China and South Korea. (That grid, in turn, would 
facilitate the greater use of natural gas for power generation and thus 
lower CO2 emissions.) Initially, however, most bids would probably 
rest on proposals that are less complex and thus more tractable for 
single donor countries or small groups of countries because those 
deals would be easier to organize and less fragile politically. For 
example, India may bid to test and deploy ultrasupercritical power 
plants through its state-owned power company. Enthusiastic coun-
tries that harbor the relevant technologies would then negotiate—and 
compete—to provide fi nancing, training, and other elements that help 
realize a greater deployment of these advanced power plants. (Those 
countries are numerous and include the European Union and Japan 
and, for some of the equipment, the United States. A useful competi-
tion between suppliers could help lower the cost of technology dem-
onstration.) Many countries may bid a wide array of possible CADs 
to ensure that donor countries compete across a variety of opportuni-
ties. Those negotiations would then codify the expectations for both 
parties as well as milestones that can be used to judge progress.

To a small degree, these kinds of investments are already underway 
through the normal process of bilateral and multilateral development 
assistance. The CADs approach is different for two reasons. First, 
CADs would include an explicit transition to more general norms 
and thus reduce the most costly (for donor countries and the climate) 
perverse effects of one-off deals. (One-off deals discourage reluctant 
countries from policies that change their baselines because they offer 
the promise of a stream of payments for continued avoidance of 
serious emission control policies.) Second, by integrating CADs into a 
broader “general agreement on climate change” the CAD system more 
readily gives donor countries credit for their efforts. Under the present 
Kyoto-style system of targets and timetables, the enthusiastic countries 
earn credit for investments in the reluctant nations only when those 
investments are monetized as an emission reduction under the CDM. 
Part of the CAD negotiation, by contrast, would include the appropri-
ate credit that the enthusiastic nation would earn—in some cases, that 
credit may be quantifi ed and monetized, but in others it would simply 
be part of the explicit package of commitments that the enthusiastic 
nation makes to its peers. For example, the European Union (led by the 
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United Kingdom) has a project under way to develop advanced coal 
combustion technology in China. The only forces that hold that project 
together are British altruism and Chinese tolerance. If both countries 
gained credit for the effort as part of broader commitments to address 
climate change, then the odds would be much higher that the effort 
would be focused on activities of real utility. As the collective effort 
to address climate change becomes more demanding, it will become 
increasingly important to offer fl exibility for nations—reluctant and 
enthusiastic—to tailor their efforts to their interests and capabilities 
rather than requiring all effort to be measured along a single (often dif-
fi cult to control) dimension of quantifi ed emission reductions.

I have focused here on the WTO accession process as a model, but 
of course there are many other examples that offer similar guidance. 
EU accession occurs through a similar process of negotiation, although 
the resources mobilized are much larger and the scrutiny much more 
intense because much more is at stake. Indeed, the European Union 
itself arose from a core group of countries that focused on collective 
management of a few of the “commanding heights” of the 1950s 
economy (coal and steel) and then expanded to address other topics 
with new members.19 The original formation of the OECD arose 
through a process of negotiation among recipient states—the war 
ravaged economies of Western Europe—for the Marshall Plan funds 
provided by the United States. Each European member bid for a share 
of the pie by proposing a complex array of policy reforms that it would 
implement; its peers evaluated the bids and negotiated a full package of 
resources and policy efforts that all the members would implement.

Assessment and Monitoring

What keeps countries from promising much more than they actually 
deliver? That question is a shadow over all efforts to negotiate effective 
solutions to the climate problem. Simply measuring compliance with 
output targets—such as emission targets and timetables—reveals little 

19 Much of this thinking goes back to what used to be called “functionalism”—
the argument that deep integration arises through technocratic cooperation 
between governments that then spills over into a broader need for cooperation. 
For an origin along those lines, see Haas (1958) and for an assessment of the 
broader array of domestic political forces that shape which countries are willing 
to integrate (and under which terms) see Moravcsik (1998).
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because even the enthusiastic countries can simply move the goalposts 
(and move them again, such as through the use of offsets of dubious 
quality). What is really needed is an assessment of whether countries 
are honoring the efforts that they have promised. (Governments can 
infl uence efforts; they have a harder time controlling emissions—and 
governments with poor administrative apparatus, which is true across 
most of the reluctant nations, have an especially diffi cult time control-
ling emission outputs rather than more tightly specifi ed effort inputs.) 
In time, that assessment process can make it easier to negotiate more 
meaningful commitments. The monitoring and assessment has always 
been a weak link in international environmental governance. While 
there are some decent precedents in environmental cooperation, those 
cases mostly arise in instances where the implementation effort needed 
by governments is fairly simple and thus monitoring and assessment 
are relatively easy to organize.20

The answer to this question comes in two parts. First, the nego-
tiation of commitments can help ensure that governments promise 
genuine efforts that they are likely to implement. A process focused on 
CADs, along the lines I suggest here, is designed to elicit negotiations 
over whether the host governments are actually willing and able to 
implement their commitments and to demand external resources only 
in the area needed. For the reluctant countries, these negotiations will 
concentrate on the carrots needed, and failure to honor commitments 
will put the carrots in jeopardy. (I discuss sticks later.) For the enthu-
siastic countries—who are expected to make donations and other 
contributions to the carrots—these negotiations will concentrate on 
minimizing the demand for resources while maximizing the leverage 
on emissions because the CADs that they sponsor will be part of their 
overall effort toward managing the climate change problem. And the 
enthusiastic countries will also negotiate with their peers about the 
proper credit that they should earn from supporting CADS toward 
broader, collective goals of managing global emissions and exposure 
to climate change. Falling short (or overpaying) for CADs will require 
additional effort on other fronts.

Second, a new institution is needed to provide regular assess-
ments of implementation. Such institutions are rare in environmental 

20 See, generally, Part I on “systems for implementation review” in Victor et al. 
(1998).



640 David G. Victor

 negotiations but increasingly common in areas of economic coopera-
tion.21 The creation of the WTO in 1995 included an agreement to 
launch a trade-policy-review mechanism (TPRM) that would regularly 
review nations’ compliance with WTO commitments. That model is 
imperfect, however, because its architects could not agree on whether 
the TPRM would connect to the WTO’s real enforcement system (its 
dispute resolution process); thus, there is no connection, and TPRM 
has withered in its practical infl uence (Price 2007). Better precedents 
are probably found in the OECD, International Energy Agency (IEA) 
and the IMF. From the outset, the OECD included an intensive review 
process because the original members wanted to hold each other 
accountable to the commitments that they had made collectively. 
(Some of those commitments—such as on public budgets, exchange 
rates, and customs—were interdependent and prone to deteriorate 
unless each country had confi dence that the others were in compli-
ance.) OECD’s review process continues today with regular reviews of 
its members’ economic policies, science and technology policies, and 
environmental policies. While the economic reviews have atrophied 
in importance, OECD’s environmental reviews remain an area where 
the institution has particularly high visibility and, in many cases, infl u-
ence. IEA, an independent arm of OECD, conducts regular reviews 
of its members’ energy policies that are also, often, infl uential.22 The 
IMF’s Article IV process includes an intensive review of policies when 

21 Such institutions are also increasingly common in collective arms-control 
agreements—especially agreements that require complex (and often contested) 
implementation efforts. Examples include the increasingly complex monitoring 
systems under the International Atomic Energy Agency (IAEA). But the secu-
rity shadow over arms control agreements is so strong that I am wary about 
drawing too many parallels.

22 For example, see IEA’s review of the European Union’s energy policy—which 
is an extraordinary event in revealing the extent to which large, industrialized 
economies will allow intrusive reviews of their policies by institutions that they 
trust for an even-handed assessment (e.g., IEA 2008). OECD’s reviews occur 
in a much wider array of issue-areas—such as innovation and competition 
policy—which refl ects OECD’s origins and functioning as a general purpose 
agency for international cooperation. The United States is noticeably less 
engaged in OECD policy reviews than most other members, and one of the 
important challenges will be the design of an institution that is tolerable to 
the United States—a problem that arises in nearly every area of international 
institution-building. OECD, increasingly, even reviews policies (by invitation) 
of nonmembers, notably China, where OECD has reviewed innovation policy 
(in 2008) and other policies, such as investment policy (OECD 2003).
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members are allowed to suspend some of the  institution’s norms. 
Through an intensive process of review, the IMF (and its members) 
learns about the political and economic forces that lead to a member’s 
noncompliance and works with the target country to outline a path 
back to compliance (Chayes and Chayes 1991).

Applied to the climate problem—in particular, creating a role for 
CADs in a general agreement on climate change—these experiences 
suggest an assessment institution that could look broadly at a country’s 
promised efforts (as in the WTO, OECD, and IEA policy reviews) and 
then probe in detail where those efforts seem to be falling short (as in the 
IMF Article IV reviews). Benchmarks and milestones promised during 
the negotiation process could be used to measure broad compliance, but 
the real value in this review would lie with the detailed assessments and 
negotiations with host governments that would determine (and make 
transparent) the factors that are blocking fuller implementation. With 
experience and demonstrated competence, the review process may also 
make assessments of the degree to which donor efforts have fallen short 
(and thus external donors should not earn credit for their contribu-
tions) and also where efforts have exceeded expectations (thus leading, 
perhaps, to bonuses). As a practical matter, this under- and over-
compliance may not take the form of quantifi ed emissions, but would 
be an assessment of effort that could feed into negotiations among the 
enthusiastic countries about whether each is meeting its obligations.

Converging to global norms

The scheme proposed here—CADs as part of a broad general negotia-
tion on climate change, backed by new institutions to assess and shape 
the efforts—will seem cumbersome. But that is intrinsic to the climate 
problem for two reasons. First, serious strategies for addressing climate 
change will require a complex array of national policy efforts; thus, inter-
national collective action will be much more complex (and time consum-
ing) to organize than evident in the experiences under the UNFCCC 
and the Kyoto Protocol. Second, important players in that process 
presently do not have an interest in spending their own resources; thus, 
mechanisms must be created to compensate (and punish) these coun-
tries. These countries will have low or zero prices on carbon in their 
economies; thus, normal economic pressures to reduce emissions will be 
absent. CADs are an effort to address that problem of reluctance.
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The fi rst problem is intrinsic to the issue of climate change and 
will not go away. The institutions for negotiating and assessing col-
lective efforts will always be complex and multidimensional—they 
will always have characteristics more like the WTO than the simple 
targets and timetables negotiated under the auspices of the UNFCCC 
and the Kyoto Protocol. If the complexity is managed well, then such 
a broader negotiation can actually lead to more effective management 
because it will allow deal making on a broader set of dimensions.

The second problem, however, is transient. It will disappear as the 
reluctant countries converge with the enthusiastic ones. The speed 
with which that transition occurs will drive the increased effi ciency 
of the global effort and reduce the diffi culty, politically, for the 
enthusiastic countries to maintain the system of resource transfers 
and special arrangements that their populations will fi nd diffi cult to 
tolerate. The question I address here is how to shape and accelerate 
that convergence. International environmental agreements offer few 
good models for convergence because none of the major international 
environmental regimes has actually converged. The major agreements 
of the 1970s applied similar norms to all members, but since the late 
1980s essentially all international environmental agreements have, at 
their core, a permanent distinction between industrialized and devel-
oping countries. Essentially all expect the former to compensate the 
latter for the “agreed incremental cost” of all efforts to comply.23 Even 
in obvious cases—such as Mexico and South Korea, both of which 
are OECD members yet have traditionally been included in the ranks 
of developing countries—it has been extremely diffi cult to undo this 
norm in environmental diplomacy. Convergence is diffi cult to orches-
trate when the founding principles of a cooperative regime enshrine 
the exact opposite—two worlds, permanently distinct, with develop-
ing countries not expected to spend their own resources to help solve 
global problems.

Better models for convergence are found in the international 
regimes for economic cooperation. In the WTO system and the IMF, 
for example, all members subscribe to common norms. Accession 
packages (and Article IV negotiations in the case of the IMF) are 

23 The experience with the Montreal Protocol was most pivotal in establishing 
this approach to developing-country compensation and the permanent “two 
worlds” division between industrialized (donor) and developing (recipient) 
countries. See, generally, DeSombre and Kauffman (1996).
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extended negotiations and performance reviews focused on tolerable 
breaches from those common norms. The core idea behind these 
cooperative regimes is commonality in basic obligations; the practi-
cal political and administrative efforts concentrate on achieving such 
convergence—even if, as is notable for the IMF, the alignment takes 
decades.

Applied to the climate problem, the core principles could be numer-
ous and complex. Here I focus on a few that probably matter most:

Pricing of carbon (through trading or taxation) and linkage of • 
carbon markets;
Direct support for low-carbon technologies;• 
Minimal trade and other barriers to application of low-carbon • 
technologies;
Transparency in policies and their expected effects on emissions and • 
deployment of technology so that all members of the agreement can 
learn from and scrutinize the efforts of others;
“Most favored” treatment for all members so that any concession • 
offered to others—such as linkage of a trading system or reduction 
in a tariff for low-carbon technologies—is available to all other 
members;
Good faith participation in regular reviews of the performance and • 
adequacy of the regime and each member’s efforts to implement the 
regime’s norms;
Good faith in research on the causes, consequences, and remedies to • 
the problem of climate change.

These norms will seem abstract and general, but meaningful 
common norms often arise through particular applications of common 
understandings. Some have already attracted widespread agreement 
although such agreement is highest where ambition and effort are 
the least. Each nation—through bidding and assessment along the 
lines discussed earlier—would then make commitments to “opt out” 
of some norms (e.g., economy-wide carbon pricing) for delineated 
periods of time. The review process, as in IMF Article IV reviews, 
would then assess regularly whether avoidance of compliance with 
those norms is acceptable.

The fi nal task is to explore why any nation—in particular in the 
developing world, which has been wary of becoming entangled in 
climate commitments—would ever agree to this scheme. The answer 
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lies in conditionality and contingency. The enthusiastic nations have 
large resources to offer—technology, funding, linkages to valuable 
carbon markets, and the like—that will be available only to members 
in good standing. And the enthusiastic nations will also threaten 
the eventual use of sticks—such as trade sanctions—to large coun-
tries that avoid such commitments. (Eventually, depending on how 
the climate and trade regimes evolve, the two could merge in some 
respects.) And the regime would evolve as quickly as possible to a 
system that includes linkages between carbon-pricing systems and 
technology markets so that the “most favored” provisions have real 
value. The deeper that the linkages are, the greater the benefi ts from 
membership.

The effort to craft such a regime requires rejecting the principle of 
universality that has guided essentially all international environmental 
negotiations (and all efforts under the auspices of the United Nations). 
Universality is a liability because, by design, it does not encourage dis-
crimination between countries based on their level of effort; it means 
that countries that invest few of their own resources have as much 
infl uence on the rules and procedures in international organizations 
as those that have a lot more at stake. Combined with the diffi culty in 
enforcing international obligations and the permanent “two worlds” 
approach that pervades environmental negotiations, a system that is 
unable to discriminate is rarely able to achieve outcomes that require 
massive efforts by countries that have very different interests. Instead 
of universality, a better approach starts small—with a “club” of coun-
tries that matter most to the climate problem (i.e., the large emitters) 
and who are willing to make concessions. The core agreements crafted 
in that club can then be replicated and extended. To the extent that 
those agreements can be made conditional on like-minded efforts by 
other members of the club, membership in good standing will offer 
big benefi ts that countries will be keen to obtain. This kind of evolu-
tion exactly mirrors the origins of the WTO which began as a club of 
willing countries that made reciprocal (and thus self-enforcing) agree-
ments with each other that then deepened and expanded with experi-
ence and confi dence. Political scientists and anthropologists have long 
studied such evolutionary regimes using simple permissive “tit-for-tat” 
models and shown that a regime with built-in enforcement and gains 
from membership can evolve into wider and full-blown cooperation 
(Axelrod 1984; Seabright 2005).
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Conclusions

For too long, analysts and practitioners in the fi eld of international 
environmental cooperation have had a blind spot on how to solve 
the problem of developing-country participation in a global climate 
regime.

Analysts have imagined two ideal worlds that do not exist. In one 
ideal world, all countries would apply carbon pricing such as through 
a global system of emission trading. That world does not exist because 
most countries (and soon most of the world economy) have neither the 
interest nor the ability to apply effective carbon pricing. In another ideal 
world, the industrialized countries would simply compensate develop-
ing countries for the full cost of compliance. But that world does not 
exist because the industrialized nations are hardly ready to mobilize the 
tens or hundreds of billions of dollars needed for such a compensation 
scheme when offi cial development assistance stands at just $100 billion 
for all purposes—such as reconstruction in Iraq—and the countries that 
would get the most compensation (e.g., China) are also the most potent 
economic competitors. The politics of mobilizing resource transfers 
under these circumstances are probably impossible to organize success-
fully. These two worlds have combined into imaginary schemes such as 
global allocation of emission credits and full-blown global trading.

The practitioner, meanwhile, is painted into a box—a world that 
exists, but is dangerous for the planet’s climate system. Well-tested 
tools such as fi nancial transfers along the lines of the Montreal 
Protocol are not available because the scale of transfer is much too 
large to be politically tolerable. Climate diplomacy has avoided that 
problem through the Clean Development Mechanism (CDM)—a 
scheme that offers, in theory, to pay developing countries the full cost 
of cutting emissions while also laying a theoretical foundation for 
global-emission trading. The funds paid are kept off the public budget 
and thus less vulnerable to political backlash. The credits issued are 
legal tender in the countries (mainly Europe) that are most enthusias-
tic to cut global emissions.

This chapter has argued that the current approach to engaging 
developing countries is a dead end. The CDM has done little to cut 
emissions, and its fl aws are so fundamental that it will never amount 
to a serious strategy. And the existing norms and practices in inter-
national environmental diplomacy are a poor guide for solving the 
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problems that arise as enthusiastic countries (mainly the industrial-
ized world) attempt to coax reluctant nations (mainly the developing 
world) into a common global effort. Huge potentials for emission 
reductions remain untapped.

The solution, I suggest, is to look to the GATT/WTO, IMF, OECD, 
and other international economic regimes. All have had to contend with 
this problem of differential interests and capabilities. The most apt solu-
tion to the problem would create a common set of norms that apply to 
all member countries and then focus negotiations on the terms of acces-
sion. Reluctant countries would bid a variety of policies and programs 
that make sense for their development trajectory, and their bids would 
include information on the barriers (funding, technology, windows to 
carbon-trading markets, access to international institutions, etc.). The 
negotiations that follow would determine the resources that enthusiastic 
nations would provide and the metrics for assessing compliance. Those 
negotiations would also determine the role that support for CADs 
could play as part of an enthusiastic nation’s contribution to the collec-
tive goal of managing climate change. And, if managed well, the CAD 
process could also accelerate the reluctant countries down the path of 
adhering to global norms on the need to control emissions.
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21 Policies for developing country 
engagement
Daniel S.  Hall, 
Michael A.  Levi,  William A. Pizer, 
Takahiro Ueno*

Introduction

Much of the debate surrounding global climate policy focuses on 
the appropriate role for developing countries in mitigating global 
emissions—and on how industrialized countries can best support and 
encourage that role. Climate change is a global problem that requires 
all major emitting countries to undertake mitigation efforts; moreover, 
developing countries account for most of the emissions growth pro-
jected over the next century. If current developing countries are going 
to make signifi cant progress towards greater prosperity while the 
world simultaneously seeks to stabilize atmospheric greenhouse gas 
(GHG) concentrations at somewhere between 450 and 750 parts per 
million carbon dioxide-equivalent (ppm CO2e), developing countries 
are going to have to develop in a less GHG-intensive fashion than the 
already-industrialized economies did (Clarke et al. 2007).

Yet developing countries face considerable obstacles: they lack 
resources and place greater priority on economic development rela-
tive to environmental protection. At the same time, industrialized 
countries like the United States are well aware that their own efforts 
to reduce emissions can be thwarted if, through trade in goods and 
services, their emitting activities shift to non-participants in a climate 
agreement, or if their GHG cuts are simply overwhelmed by growth 
elsewhere.

* Authors are Research Assoicate, Resources for the Future; Senior Fellow, 
Council on Foreign Relations; now with the US Treasury Department; and 
Researcher, Central Research Institute of the Electric Power Industry (Japan). 
The authors greatly appreciate helpful comments from Joe Aldy and Rob 
Stavins, as well as other participants in the Harvard Project for International 
Climate Agreements.
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Figure 21.1. Fossil fuel and industrial CO2 emission forecasts for developed 
(Annex I) and developing (non-Annex I) countries
“Emissions of fossil fuel and industrial CO2 in the non-Annex I countries exceed 
Annex I emissions for all three reference scenarios by 2030 or earlier.  The MERGE 
and MiniCAM reference scenarios exhibit continued relative rapid growth in 
emissions in non-Annex I regions after that, so that emissions are on the order of 
twice the level of Annex I by 2100. The IGSM reference scenario does not show 
continued divergence, due in part to assumptions of relatively slower economic 
growth in non-Annex I regions and faster growth in Annex I than the scenarios 
from the other modeling groups. The IGSM reference scenario also shows increased 
emissions in Annex I as those nations become producers and exporters of shale oil, 
tar sands, and synthetic fuels from coal.”
Source: Clarke et al (2007), Figure 3.16.

The focus of this chapter is on the intersection of interests between 
developing and developed countries. How can developed  countries—with 
more resources and, for the most part, a greater sense of urgency—
engage developing countries in a cooperative effort to mitigate climate 
change? Part of the answer is an increasing  awareness among developing 
countries that they themselves are vulnerable to the impacts of climate 
change, which will tend to make them more willing to seek cooperative 
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solutions. But engaging developing countries as partners in a global miti-
gation effort will require more than just the threat of physical impacts: 
it will require increased attention to sensible domestic policies within 
developing countries, an increase in fi nancial support from developed 
countries, and creative diplomacy to carefully integrate different tools.

The bulk of this chapter looks at each of these areas in more detail.

Domestic policy improvements

There is an emerging consensus that developing countries will need 
to pursue mitigation actions under any new climate agreement.1 
Chief among these actions would be policy reforms which developing 
countries could take that would have domestic political, economic, 
and environmental benefi ts while simultaneously providing global 
climate benefi ts. Opportunities for “win-win” policies often remain 
unexploited for a variety of reasons, including domestic political 
realities, mismatches between the pattern of costs and benefi ts over 
time, or limited technical expertise or institutional capacity. To realize 
emissions benefi ts from these opportunities, developed and developing 
countries will have to fi nd the right mix of domestic political will and 
international funding and expertise that can deliver effective policy 
reforms. While we address the structure of this funding and the dip-
lomatic effort necessary to fi nd the right mix in later sections, here we 
focus on the domestic policy opportunities themselves.

Reforming energy subsidies

Many non-OECD2 countries currently subsidize energy, and particularly 
fossil fuels, thereby creating an opportunity for subsidy reform or elimi-
nation that would have a variety of domestic benefi ts while also reducing 
GHG emissions. Energy subsidies encourage the over-consumption of 
fuels and lead to higher CO2 emissions. Yet many countries pursue these 
policies to accomplish specifi c domestic policy objectives with respect to 

1 The Bali Action Plan agrees to consider “nationally appropriate mitigation 
actions by developing country Parties.”

2 OECD stands for the Organisation for Economic Co-operation and Development. 
The membership of the OECD includes the largest developed economies; hence 
the term “non-OECD” is frequently used as shorthand for the world’s develop-
ing countries.
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social stability, access to cleaner cooking fuels, increased electrifi cation, 
or industrial policy. In some cases these are worthy objectives, but the 
energy subsidies have signifi cant domestic costs (UNEP 2008).3

Table 21.1 provides information on the level of energy subsidies 
in the eight non-OECD countries with the largest total subsidies in 
2005. Combined these countries accounted for about $185 billion of 
the $220–$280 billion in total energy subsidies provided in all non-
OECD countries in 2005.4 For comparison, a 2002 report (UNEP/IEA 
2002) estimated that gross energy subsidies in OECD countries totaled 
$20–$30 billion, with most of this total directed towards R&D and 
production subsidies. Further, in most OECD countries gross subsidies 
are outweighed by taxes on fuels (Morgan 2007). These data suggest 
that reforming energy subsidies in non-OECD countries would slow the 
growth of a signifi cant portion of global emissions. The eight nations 
in Table 21.1 accounted for just over one-third of global CO2 emis-
sions in 2005 and over the long term their contribution is expected to 
increase strongly, particularly as a result of growth in China. Subsidies 
to fossil fuels act as a “negative tax” on carbon emissions. The right-
most panel in Table 21.1 reports the effective negative CO2 price that 
is implied by energy subsidies in a few of these countries. Thus, for 
example, eliminating subsidies for transport fuels in China would be 
equivalent to imposing a CO2 tax of $11 per ton on gasoline—or $25 
per ton on diesel—relative to current fuel prices.5 Previous studies have 
suggested there would be signifi cant emissions benefi ts to eliminating 
subsidies. Modeling work from the OECD in 2001 suggested that the 
immediate removal of all subsidies in the industrial and power sectors 
worldwide would reduce global CO2 emissions by 6 percent in 2010 
relative to business as usual (OECD 2001). An earlier study from the 
International Energy Agency (IEA) suggested that the removal of con-
sumption subsidies in eight of the largest non-OECD countries would 
have lowered global CO2 emissions by 4.6 percent relative to (then) 

3 Energy subsidies also often help the urban middle class far more than the rural 
poor.

4 These fi gures represent the net economic value of subsidies as estimated using 
a price-gap approach (described in IEA 2006). They do not necessarily repre-
sent the budgetary cost of subsidies, as they include both direct interventions 
(such as grants or soft loans) and indirect interventions such as price ceilings 
or the free provision of energy infrastructure. For more recent discussions, see 
Bradsher (2008), Hargreaves (2008), and Paulson (2008).

5 Note that these specifi c numbers could have changed signifi cantly since 2005.
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current emissions (IEA 1999). Although the precise magnitude of 
current subsidies is uncertain, there can be no doubt that cutting subsi-
dies would have salutary effects in terms of reducing global emissions.

This leaves the question of how to convince nations to eliminate 
fuel subsidies. Recent high global energy prices made the case easier 
in many respects, as subsidies designed to maintain low prices became 
much more expensive, but countries still will want to minimize the 
impact of high energy prices on low-income consumers, particularly 
to allow access to cleaner cooking fuels and electricity. These objec-
tives could frequently be pursued more effi ciently by allowing energy 
prices to rise to market rates while directly supporting consumers with 
lump-sum distributions (such as per capita rebates) and/or (in the case 
of electricity) by subsidizing the cost of connections rather than energy 
(UNEP 2008). This raises the possibility of an agreement where the 
developed world provides fi nancing and technical assistance for these 
types of programs in exchange for subsidy reforms.

Enhancing energy effi ciency

Many developing countries have made signifi cant strides in recent 
decades toward using more energy-effi cient technologies and prac-
tices throughout their economies. In general, however, most remain 
behind Europe, Japan, and North America on this front. The Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change 
(IPCC) estimated that energy effi ciency improvements in the residen-
tial and commercial building sector—which includes end-use devices 
such as appliances—could reduce CO2 emissions in non-OECD coun-
tries by 1.5 billion metric tons, or gigatonnes (GtCO2), per year in 
2020 at zero marginal cost (Levine et al. 2007). Meanwhile, effi ciency 
improvements offer additional benefi ts to developing nations: they can 
dampen the need for new infrastructure, reduce local environmental 
pollution, and increase energy security.

Given these local benefi ts, most countries—developed and 
 developing—already have a national program or plan that specifi es 
objectives for energy effi ciency improvements, often with a national 
agency or ministry designated as responsible for related policies.6 But 

6 See Annex 2 of WEC 2008 for a thorough survey of national-level energy effi -
ciency agencies and programs.
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these  agencies tend to be understaffed and underfi nanced, particularly 
in developing countries, and often lack the capacity to effectively 
 implement policies (Sugiyama and Ohshita 2006). This has led to 
a variety of proposals for providing international funds to support 
 effi ciency policies in developing countries, either through direct 
funding for national agencies, through partnerships with national 
agencies to implement effi ciency policies or projects, or through tech-
nical assistance and capacity building.7

The kinds of developing country policies that might be targeted 
by these efforts include public procurement of effi cient products, 
effi ciency labeling and standards, and support for energy services 
companies. Public procurement of more effi cient products is perhaps 
the easiest to implement and can provide an important demand-side 
stimulus to the development of markets for effi cient products. For 
example, China’s Ministry of Finance has directed government agen-
cies to preferentially procure high-effi ciency products (Caifeng and 
Tienan 2006). Public procurement is relatively easy because it does 
not require institutional capacity for regulation or enforcement.

Labeling programs, which require manufacturers to provide infor-
mation about the energy effi ciency of a product, are one step up and 
help resolve information problems that hinder the adoption of more 
effi cient products, especially in the case of consumer items. While labe-
ling programs require the institutional capacity to rate products, such 
schemes may be a low-cost way to increase end-use energy effi ciency 
because they do not attempt to regulate actual production.

The next step up is to mandate energy effi ciency standards for 
products—a policy that remains relatively less common in developing 
countries. Whether these kinds of standards are economically effi cient 
can depend on how they are designed and whether they resolve a 
market failure (Jaffe et al. 2001). However, even if they are not the 
best policy tool to address a market failure, effi ciency standards may 
be attractive to governments if more economically effi cient policies 
such as pollution taxes or other market-based regulations are not 

7 For example, the UN Foundation has called for a policy push to promote energy 
effi ciency on the part of the Group of Eight (G8) industrialized nations and the 
so-called “+5” countries (Brazil, China, India, Mexico, and South Africa). The 
proposed effort would include establishing a facility to provide loan guarantees 
for commercial energy effi ciency projects (Expert Group on Energy Effi ciency 
2007).
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politically or institutionally feasible. A recent study published by 
the Collaborative Labeling and Appliance Standard Program found 
that non-OECD emissions could be reduced by 0.4 GtCO2 in 2020 if 
energy effi ciency standards were implemented in 2010 for a range of 
residential and commercial appliances (McNeil et al. 2008).

Finally, developing country governments can also improve energy 
effi ciency by encouraging certain private-sector activity. This may 
occur directly through work with large energy users, or indirectly 
through energy services companies (ESCOs) which offer fi nancing 
and expertise for energy effi ciency projects. (Such companies are also 
sometimes referred to as energy management companies, or EMCs, 
especially in China.) ESCOs arrange fi nancing, internally or through 
third-parties, to implement effi ciency improvements, with loans typi-
cally guaranteed by projected cost savings for energy. In this way they 
can help other fi rms overcome barriers to effi ciency investments such 
as credit constraints, lack of technical knowledge, and transaction 
costs. A recent study by Zhao Ming (2006) noted the rapid growth 
of ESCOs in China, from a handful of companies in the late 1990s 
to more than 100 in 2006. This study pointed out that government 
policy can encourage further growth.

Promoting technology diffusion and deployment

Even with substantial improvements in energy effi ciency, dealing 
with climate change will require the diffusion and deployment of 
technologies that are less emissions-intensive than their histori-
cal counterparts. Over time, these “climate-friendly technologies” 
are the only way developing countries can raise their incomes and 
standards of living—which remain a fraction of those in developed 
countries—without simultaneously putting global GHG stabilization 
out of reach.

Widespread diffusion takes time. How can governments encourage 
more rapid and more thorough technology diffusion? Policy levers 
for infl uencing the speed and depth of adoption can target a number 
of factors; these include information, input prices, regulation, credit, 
subsidies, investment in human and physical capital, and protection of 
intellectual property rights (Blackman 2001).

While multilateral funds can provide subsidies for higher-cost climate-
friendly technologies in developing countries (this is a topic we address 
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in the next section), the domestic policy environment in  developing 
countries provides the enabling conditions for  technology transfer and 
diffusion and greatly infl uences the effectiveness of incremental fi nanc-
ing from developed countries. To this end, developing country govern-
ments can facilitate the formation of human and institutional capacities; 
encourage the development of supporting infrastructure; provide a sup-
portive legal environment, including secure property rights and appro-
priate intellectual property protection; and support R&D (Metz et al. 
2000). Some of these policies can have broad social benefi ts apart from 
facilitating technology transfer and so may be particularly attractive 
fi rst steps for domestic policies; examples include investments in human 
capital, energy infrastructure, and R&D (Blackman 2001).

To be sure, establishing some enabling conditions will be politically 
contentious. Protection for intellectual property has been one stick-
ing point in recent global negotiations. Trade agreements are another 
politically contentious lever for infl uencing technology transfer: com-
pared to OECD countries, developing countries retain relatively high 
tariffs on many climate-friendly technologies, thereby creating a 
barrier to the diffusion of those technologies (Iturregui and Dutschke 
2005).

Table 21.2 summarizes policy actions available to developing 
countries that could provide local benefi ts while also reducing GHG 
emissions. The table also lists the types of support from developed 
countries that would facilitate these policy changes. This external 
support can be crucial: even policies that may be in the long-term 
interest of developing countries can remain unutilized due to a lack of 
(near-term) funding, technical expertise, or private-sector experience. 
The table also suggests that developing and developed country actions 
are linked and need to be coordinated.

International fi nancial mechanisms

Recent IEA estimates (2008b) indicate that if global emissions are to 
be stabilized at current levels by 2050—an emissions trajectory that 
could still allow signifi cant warming—there would need to be an 
additional $10 trillion of cumulative investment in non-OECD coun-
tries by mid-century.8 If global emissions are to be brought down to 

8 There would also need to be $7 trillion in additional investment in the OECD.
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Table 21.2 Summary of actions for domestic policy improvements in 
developing countries

Policy arena
Action by developing 
countries

Areas for support from 
developed countries

Subsidy reform • Reduce subsidies
•  Establish alternative 

programs or policies 
to accomplish 
objectives, e.g., 
subsidize connections 
for electricity rather 
than power

•  Technical assistance 
and funding 
for alternative 
programs, e.g., 
subsidized electricity 
connections, 
expanding access to 
cleaner stoves, etc.

Energy effi ciency •  Establish national 
plan or program

•  Labeling programs
•  Energy effi ciency 

standards
•  Public procurement 

of EE products
•  Improved operation 

and maintenance
•  Enabling 

environment for 
ESCOs (access 
to capital, public 
procurement, etc.)

•  Funding for EE 
programs

•  Technical assistance 
and training

•  Regional or agency-
level partnerships 
to support energy 
effi ciency standards

Technology diffusion •  Establish enabling 
conditions: 
fund R&D and 
infrastructure, and 
invest in human 
capital

•  Reduce trade barriers 
(e.g., tariffs)

•  Improve IP laws and/
or enforcement

• Technology funds
•  Capacity building for 

establishing IP laws 
and enforcement

•  Soft loans and/or 
export guarantees for 
exports
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less than half of current levels—as has been proposed by Europe and 
Japan—the level of additional investment needed rises to $27 trillion. 
It is unclear how much of this incremental cost in developing countries 
will be paid for by developed countries. Even if the resources involved 
totaled only a fraction of these estimates, the magnitude of the chal-
lenge should be suffi cient to encourage us to rethink our use of the 
international fi nancial mechanisms used to support such investments.

There are two key questions associated with the design of such 
mechanisms: the size of the transfer and the form of delivery. On 
the fi rst matter, at one extreme, one could offer payments equal to 
the full environmental value of additional emission reductions under 
one or another existing market-based CO2 regulatory program (e.g., 
the market value of reductions under the European Union Emission 
Trading Scheme [EU ETS]). At another extreme, one could seek to 
cover all or even just part of the (lower) incremental cost of lower-
emissions technologies.

In addition to the level of payment, the other key question is what 
form it takes. Possible fi nancial mechanisms include grants, con-
cessional loans, loan guarantees, or credits that can be sold into a 
regulated GHG market or tax system. The remainder of this section 
looks at the question of form in greater detail. Given their signifi cant 
differences, we organize this discussion around offset mechanisms and 
international public funds.

Offset mechanisms

Arguably, the most critical distinguishing feature of offset mechanisms 
is their capacity to channel potentially large fl ows of private fi nan-
cial resources, rather than depending on more limited government 
appropriations or on a more obvious diversion of public monies. For 
example, the suggestion, in a recent US legislative proposal,9 that up 
to 15 percent of a facility’s compliance obligation under a domestic 
CO2 cap-and-trade program could be met with international offsets 
translates into potentially tens of billions of dollars in fi nancing for 
developing country mitigation—a level of funding equal to roughly 40 
percent of the entire non-military US foreign assistance budget. And 

9 The specifi c proposal referenced here was introduced in the US Congress by 
Senators Lieberman and Warner.
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while foreign aid–style fi nancing competes for scarce public funds, the 
use of offsets complements the desire to match environmental ambi-
tion with economic practicality.10

Of equal importance, various offset proposals are both blurring 
the strict focus on tons and the distinction between offsets and 
linked trading systems. A useful way to organize a discussion of 
these proposals is through the lens of proposed reforms to the Kyoto 
Protocol’s Clean Development Mechanism (CDM), the leading GHG 
offset mechanism in developing countries. Through the CDM, Annex 
B Parties to the Protocol can comply with their mitigation obligation 
using credits—referred to as certifi ed emissions reductions (CERs)—
that are issued for emissions offset projects in developing countries.11 
This has created market demand for CERs as governments seek to 
use offsets as part of their strategies for complying with the Kyoto 
Protocol. More importantly, the EU ETS allows participants to meet 
their obligations with CERs, creating widespread private demand.

On the one hand, the CDM is frequently highlighted as a particularly 
successful aspect of the Kyoto Protocol in the sense that it has generated 
a large quantity of CERs and lowered the cost to developing countries of 
meeting their emissions reduction targets under the Protocol. The CDM 
has been operational since the Marrakech Accords were reached in late 
2001; by July 2008, 1,151 projects were registered, 183 million tons 
of credits had been issued, and more than 1 billion tons of CERs were 
expected to be issued by 2012, according to the Secretariat of the United 
Nations Framework Convention on Climate Change (UNFCCC).12

On the other hand, there have been many criticisms of the CDM. 
First, a relatively small number of non-CO2 project types initially 
dominated the array of registered projects and projected credits. 
More recently, wind power and other renewable projects have gained 
traction and now represent more than 30 percent of expected credits 
through 2012. However, as shown in Figure 21.2 energy effi ciency 
projects still account for a very small share of expected credits.

10 According to an analysis by the US Environmental Protection Agency (2008), 
the use of offsets would have been necessary to keep the price of CO2 allowances 
under the proposed Lieberman-Warner legislation at $40 per ton rather than $77 
dollars per ton. Unlimited use of offsets could lower the CO2 allowance price to 
$11 per ton.

11 A unit of CER is issued for each reduction of one ton of CO2 equivalent.
12 See the UNFCCC’s website cdm.unfccc.int/index.html.
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Second (and related to the fi rst point), the CDM is frequently criti-
cized for providing “excessive subsidies” for low-cost projects (Wara 
2006). The incremental costs of projects that reduce emissions of high 
global-warming-potential (GWP) industrial gases are typically very 
low compared to the market price of CERs, which have frequently 
exceeded $20 per ton. This discrepancy upsets constituents in devel-
oped countries, who dislike sending large excess payments to fi rms in 
developing countries. And there is also a dynamic ineffi ciency, as these 
subsidies may cause fi rms that generate high-GWP industrial gases to 
enter the market, with the perverse effect of raising emissions, in the 
hope that future reductions can be profi table.

Third, some have criticized the regional distribution of CDM 
projects for being highly unbalanced and thus failing to bring the 
benefi ts of sustainable development to the least developed countries. 
As shown in Figure 21.3, four big countries account for more than 
60 percent of the credits generated under the CDM, while less than 5 
percent of credits have come from projects in African countries.

Finally, and most fundamentally, the CDM creates perverse incentives 
for developing country governments. Specifi cally, developing countries 
may hesitate to enact domestic policies—even policies in their own 
self-interest—if they believe doing so may adversely affect future CDM 
fi nancing. Efforts to remove such perverse incentives by excluding the 
infl uence of new policies on baseline emissions simply shift the problem 
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Figure 21.2.  Distribution of CERs issued from each project type
Source: UNEP/RISO Centre (2009)
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from one of domestic inaction to one of paying for non-additional 
efforts.

Numerous proposals for reforming the CDM have emerged to address 
these criticisms, providing guidance for both the CDM and offset mech-
anisms more generally.13 Most proposals fall into one of two categories: 
(1) adjusting crediting rules to address the distribution of projects and 
the level of subsidy, or (2) moving beyond projects to provide credits 
for programs, policy reforms, or sectoral targets. Proposals that fall in 
the former category attempt to address the fi rst three concerns, while 
proposals in the latter category generally aim to begin providing incen-
tives for developing countries to change their own policies.

Changing the rules for project credit
Responding to criticism over project types, excessive subsidies, and 
regional distribution, parties to the Kyoto Protocol are engaged in 
negotiations on possible CDM reforms. They have proposed a wide 
range of ideas for managing the project pipeline, including:

positive and/or negative lists of project types (i.e., automatic regis-• 
tration and/or rejection of certain types of projects)
loose application of rules for specifi c project types (e.g., less strict • 
criteria for energy effi ciency projects)

13 Proposals for CDM reform by the Parties to the Protocol are summarized in 
UNFCCC (2008).

Figure 21.3. Regional distribution
Source: UNEP/RISO Centre (2009)

0.0

20.0

40.0

60.0

80.0

100.0

120.0

C
hi

na

In
di

a

S
ou

th
K

or
ea

B
ra

zi
l

M
ex

ic
o

V
ie

tn
am

C
hi

le

E
gy

pt

M
ill

io
ns

 o
f i

ss
ue

d 
C

E
R

s

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

C
um

ul
at

iv
e 

sh
ar

e 
of

 is
su

ed
 C

E
R

s



Policies for developing country engagement  663

multiplication factors to increase or decrease the number of • 
credits issued for specifi c project types (e.g., discount for indus-
trial gas projects, favorable multiplication factors for emerging 
technologies)14

limit countries eligible for hosting CDM projects (e.g., only least • 
developed countries [LDCs] are eligible for CDM)
minimum quotas for specifi c project types (e.g., 10 percent of all • 
credits used for compliance by developed countries must be from 
renewable energy projects)
minimum quotas for specifi c regions (e.g., 5 percent of all credits • 
used for compliance by developed countries must be from projects 
in African countries)15

A variety of concerns surround these proposed reforms, in par-
ticular, the potential economic ineffi ciency of discriminating among 
reductions from different regions or activities. In addition, there is 
the risk that non-additional emission reductions (that is, reductions 
that would have happened anyway) will be credited if looser rules 
are imposed for certain types of projects. Finally, even if adopted, 
reforms may not achieve the declared goal of boosting fi nancial fl ows 
to certain project types or regions because other barriers related to 
market failures, institutional capacity, and/or enabling environments, 
may be limiting offset project development.

Offsets for programs, policies, and sectoral targets
The limitations of a project-based approach have led to proposals to 
expand the CDM to include credit for programs of bundled activi-
ties, policy reforms, and even sectoral targets.16 Because generating 
these credits requires substantial efforts, they can require idiosyncratic 

14 While there is a tendency for economists to look at such multiplication factors 
as distorting effi ciency, placing different per-ton values on different activities 
is, in reality, a form of price discrimination. Given the monopsony power of 
countries purchasing CDM credits, it may make sense for them to pay less 
for identifi ably less costly activities. Or, given spillovers associated with new 
technology developments, it may make sense to for them to pay more for new 
technologies.

15 These ideas are briefl y analyzed in the UNFCCC’s Technical Paper (UNFCCC/
TP/2008/2).

16 Parties to the Kyoto Protocol have been hesitant to allow policy-level activities 
to be registered under the CDM.
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negotiations, generating an opportunity and incentive for domestic 
policy reform.

The most limited form of CDM expansion, referred to as pro-
grammatic CDM (pCDM), would grant credits for program-level 
activities as opposed to the project-level activities already recognized 
under the conventional CDM. Frequently, these programs would 
consist of dispersed small-scale efforts that collectively generate 
large reductions (e.g., a program to replace incandescent lamps 
with compact fl uorescent lamps). The pCDM may offer a promising 
way to overcome barriers to end-use energy effi ciency, one of the 
most underdeveloped project types and one with vast potential for 
emissions reduction (Levine et al. 2007).17 Examples of program-
matic activities that might be credited under a pCDM could include 
demand-side management (DSM) programs that decouple utility 
profi ts from kilowatt-hour sales, thus reorienting utility incentives to 
favor energy effi ciency rather than power production, and subsidizing 
energy-effi cient products.18 Nonetheless, substantial technical chal-
lenges exist in attributing specifi c emissions reductions to program 
activities.

Alternatively, one could imagine expanding the notion of pCDM 
such that, beyond recognizing a specifi c initiative in a given sector or 
area of activity, it could also cover an entire suite of efforts to infl u-
ence product penetration in a particular sector. This might include 
sectoral policies, in which credits would be issued for reductions from 
sectoral baselines, and crediting for the achievement of agreed sec-
toral targets—collectively referred to as sectoral crediting (Bosi and 
Ellis 2005, UNFCCC 2008; Schmidt et al. 2006). The negotiation of 
country-specifi c terms for sectoral crediting, even more than pCDM, 
would begin to remove—or at least reduce—perverse incentives that 
discourage developing countries from taking proactive mitigation 

17 On the underdevelopment of energy effi ciency CDM, see Arquit Niederberger 
(2007) and Arquit Niederberger and Fecher (2006).

18 California Energy Effi ciency Evaluation Protocols and International Performance 
Measurement & Verifi cation Protocols are frequently mentioned as prototype 
methodologies on which a crediting methodology for pCDM should be built. 
The former was developed by the California Public Utilities Commission, the 
latter by the US Department of Energy. On technical and methodological 
work to apply demand-side management (DSM) methodologies to pCDM, see 
Figueres and Philips (2007) and Figueres (2005).
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action. In the end, a sectoral target for offsets could begin to look a lot 
like a linked cap-and-trade program.

For precisely this reason, sectoral targets are likely to face strong 
opposition from developing countries that fear that even limited, 
no-lose targets will eventually lead to binding caps in the future—an 
outcome that the vast majority of developing countries are strenu-
ously seeking to avoid. Sectoral crediting is also likely to require 
differentiation among developing countries as it is appealing mainly 
for a small number of large-emitting, middle-income countries that 
collectively account for a large share of global emissions, and not for 
the bulk of developing countries. Such differentiation, however, will 
also be opposed by at least some countries that may see it as an effort 
to undermine the unity of developing nations.

International public funds

Regardless of how offset programs in general—and CDM reforms in 
particular—progress, there are obvious funding gaps that need to be 
addressed. Offsets are not well suited to support core capacity build-
ing and technical assistance, more targeted fi nancial products, and 
efforts in countries with weak institutions. They also require suffi cient 
demand from large and robust market-based regulatory programs or 
quantitative commitments. Finally, offsets have been criticized for 
failing to provide reductions additional to the regulated emissions cap 
or mitigation commitment that creates the demand for offsets—though 
such criticism ignores the endogeneity of offsets noted previously.

Exactly these shortcomings are addressed by several advantageous 
features of international public funds, where support need not be tied 
to the timing and price of reductions delivered to an existing market 
and where delivered reductions can be additional to any existing emis-
sion cap. While offsets provide payment when reductions occur based 
on the market price of those reductions somewhere else, funds can 
make payments earlier and with more attention to incremental cost 
rather than market price. Currently, international public funds are 
supported by government contributions; however, future funds could 
be supported by auctioning credits into an existing market-based 
system, with these credits established within, or in addition to, the sys-
tem’s cap. Reductions fi nanced in this way would clearly be  additional 
if the credits are within the cap; to the extent the fi nanced cost of 
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reductions is less than the market price, they would be additional even 
if credits were created beyond the system’s cap.19

Funds can also make it possible to more closely tailor the level of 
fi nancing to the additional incentive required to just make viable an 
otherwise un-viable GHG-reducing investment or activity—a charac-
teristic not shared by offset programs, which are focused squarely on 
tons. In particular, emissions trading typically generates a surplus—in 
terms of permits or offsets—for both buyers and sellers. From the 
buyer perspective, a tailored approach can shift surplus from sellers 
(developing countries) to buyers (developed countries), allowing 
developed countries to pay the cost—or even just part of the cost—
rather than the full market price for emission reductions in developing 
countries. It also allows developed countries to pay more than the 
market price in some instances, if there is potentially a longer-term or 
coincidental benefi t, as in the case of early technology development or 
conservation efforts with non-climate global benefi ts.

Equally important, the fund approach is more fl exible in terms of 
the forms of support it can provide. Rather than crediting emission 
reductions when the reductions occur, funds can provide upfront 
grants, loans, loan guarantees, or other risk mitigation products. In 
particular, funds may be able to encourage mitigation activities where 
the obstacle does not involve a straight calculation of cost and benefi t, 
but rather a market failure that relates to risk or borrowing. Despite 
these advantages, however, funds too can be problematic.

There has been an explosion of international public funds over the 
past year, including several funds established at the World Bank;20 in 
addition, a number of bilateral funds have been proposed (Porter et al. 
2008). These funds differ from the most prominent existing fund—the 
Global Environment Facility (GEF)—in a variety of ways, including 
scale, governance, and focus. Some are much larger—with Japanese, 
US, and UK commitments to some funds totaling several times the 
GEF’s annual spending on climate change. Perhaps most important, 
they also shift the governance structure away from the heavily negoti-
ated GEF model, where project approval requires a 60 percent vote of 
a governing council and a 60 percent vote of donors, towards a more 

19 That is, selling an extra 1-ton credit into a capped market in order to raise 
perhaps $25 that is then spent on 5 tons of developing country reductions 
costing perhaps $5 each yields a net reduction of 4 tons.

20 See www.worldbank.org/cif.
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donor-centric model (this is especially the case for many of the bilat-
eral funds). Governance of public funds is an extremely contentious 
issue. On the one hand, variations in donor support and governance 
are undoubtedly related: countries that make larger contributions 
typically want more control over their funds. On the other hand, 
developing countries also want control and have argued that funds 
should be established under the UNFCCC, guided by the Conference 
of the Parties (COP), and governed by a board whose members are 
appointed by the COP—all because this means their representation 
will be enhanced.21 This suggests a trade-off: if developing countries 
want more control over public funds, this may reduce the amount of 
money they can receive because developed countries tend to contrib-
ute more to funds over which they have greater control.

The Kyoto Protocol’s Adaptation Fund offers an interesting alterna-
tive model for both fi nancing and governance. Resources for this fund 
come from a 2 percent levy on CDM projects when the UNFCCC 
issues CERs. Meanwhile, developing countries are well represented 
with ten members on the board of the Adaptation Fund, compared to 
six members from developed countries. While some countries see this 
model (or a related model of just auctioning allowances22) as provid-
ing a potentially signifi cant source of revenue for public funds, the 
governance of such market-fi nanced funds may depend on whether 
allowances are issued domestically or internationally. National gov-
ernments manage sales of domestic allowances and control how 
they are used, while sales of international allowances are currently 
managed by the UNFCCC. Perhaps more to the point, developing 
country offsets originate in developing countries, where developing-
country governments clearly have the capacity to tax them. While the 
governance model of the Adaptation Fund may only be relevant for 
this last circumstance, where developing countries have the most lever-
age, even this venue may come under pressure from donors if there is 
a signifi cant scaling up of fi nancial fl ows.

To the extent that international public funds begin focusing on 
the private sector, become standardized (e.g., support a renewable 
energy subsidy program in a particular country), and have access to 

21 See the proposal for fi nancial mechanisms under the Convention put forward by 
the Group of 77 (G77) and China (Phillipines 2008).

22 See Carbon Finance (2008), NRDC (2008b), EC (2008), and Norway (2007).
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a steady funding source (e.g., a transaction tax or allocated share of 
 allowances), they begin to look more like offsets. And, to the extent 
that offset programs begin using multiple or fractional crediting to 
target some activities while avoiding the over-subsidization of others, 
offset programs begin to have the more nuanced capacity of funds. 
At that point, the distinction we have drawn so far may blur, and the 
more important design questions center on the predictability and 
stability of funds, fl exibility and simplicity of fi nancial products, and 
balance of control among donors and recipients. Here, funds may 
retain an advantage in terms of providing more fl exible fi nancing (as 
offsets tend to provide funds only once mitigation occurs), and offsets 
may retain an advantage in terms of offering a stable funding source 
(by contrast, public funds—regardless of the source of revenue—will 
always be similar to an appropriation and will therefore be more 
 vulnerable to disruption).

Private and public diplomacy

The potential for domestic policy improvements on the part of 
developing countries and increased fi nancing by developed coun-
tries is inextricably tied to diplomatic efforts—including efforts that 
tie policy improvements and fi nancing together, as well as efforts 
aimed at securing additional commitments to policy improvements 
and fi nancing independently. How can developed countries encour-
age developing countries to adopt GHG-reducing domestic policy 
improvements? How does the world negotiate for fi nancing mecha-
nisms that best serve environmental goals while leveraging developing 
country commitments?

This section addresses two dimensions of climate diplomacy that 
help answer those questions. First, it discusses various sources of 
leverage that might be used in climate negotiations, including, in par-
ticular, sources of leverage that go beyond the fi nancing mechanisms 
discussed so far. Wielding these levers may help the United States 
and other developed countries encourage both domestic action and 
favorable fi nancing arrangements in developing countries. Second, 
we discuss various institutional arrangements that might be used for 
climate diplomacy. Although economists often think in terms of lever-
age, bargaining, and trades that benefi t all parties, institutions—both 
in terms of their participants and their rules—can have an enormous 
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impact on the success or failure of climate negotiations. Even without 
signifi cant leveraging of additional domestic action, it will be  necessary 
to at least coordinate certain efforts.

Sources of leverage

The last section discussed two approaches to fi nancing emissions 
reductions in developing countries that might be used to alter decisions 
in those countries: private-sector fi nancing through offset markets 
and public-sector fi nancing through international funds. Historically, 
fi nancial inducements have been used—not just to promote emission 
reductions—but as a primary means of infl uencing developing country 
decisions. While fi nancial assistance remains an important focus of 
international climate negotiations, many other tools for encouraging 
participation are available. This section discusses four of them.

Energy security as a lever.
In many countries, energy security—including security of access 
to supplies of fuel for power generation, industrial needs, and 
 transportation—is as important as economic considerations in driving 
energy policy decisions. A state might adopt policies that promote the 
use of alternative fuels in order to diversify its set of suppliers even 
if those alternatives are more expensive. Conversely, a state might 
avoid shifting to economically attractive alternative sources of energy 
if those sources are also unreliable or expose the state to intolerable 
infl uence from fuel suppliers. Altering a country’s energy security cal-
culus can thus be an effective way of infl uencing its decisions on fuel 
supply and, as a result, its GHG emissions.

Consider an example.23 China and India might hesitate to increase 
their use of nuclear power, a zero-emission energy source, due to 
worries that the need to import nuclear fuel would subject them to 
excessive outside infl uence. Moreover, this barrier could persist even 
in the face of special economic incentives for switching to cleaner 
energy sources. To address it, developed countries might take steps to 
ease Chinese and Indian concerns about the reliability of nuclear fuel 
supplies, such that these countries could increase their use of nuclear 
energy in a way that also enhances their energy security and diversifi es 

23 For more on this example, see Victor (2007).
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their energy portfolios. To be certain, clearing the way for increased 
use of nuclear power in developing countries introduces challenges 
with respect to proliferation, waste storage, and safety. Nonetheless, 
such arrangements are being actively considered, most prominently in 
discussions concerning the US-India nuclear cooperation agreement. 
Meanwhile, Chinese offi cials have also expressed interest in gaining 
international support for a more robust expansion of nuclear power 
in their country.

Financial penalties
The threat of sanctions has long been used as a way to induce compli-
ance with international regimes, including environmental regimes—
most notably the Montreal Protocol on Ozone Depleting Substances.24 
The possible use of trade sanctions against exports from countries that 
do not take appropriate steps to reduce GHG emissions has become 
a prominent topic in discussions concerning climate legislation in the 
US Congress; in addition, this concept has received favorable attention 
from many leaders in the European Union.

The threat of sanctions has the potential, in theory, to motivate 
action in key emerging economies, where governments and fi rms 
might take steps to avoid economic disadvantage. That said, many 
have argued that any feasible sanctions would not rise to the level 
where they would be signifi cant enough to induce any major shifts.25 
Even if that were true, on the other hand, the mere willingness of devel-
oped countries to raise the prospect of trade sanctions might facilitate 
climate action by buying political support for domestic action among 
key constituencies in countries that might be targeted by sanctions.

Regardless of their practical leverage in climate diplomacy, sanc-
tions would introduce other problems. To be legal, they would need 
to be designed to equalize an economic playing fi eld that would 
otherwise be distorted by uneven GHG regulations. Practically speak-
ing, however, it would be technically diffi cult to establish whether 
sanctions were in fact leveling the playing fi eld or were instead thinly 
disguised economic protectionism. The use of sanctions would also 
introduce political problems, putting strains on world trade at a 

24 Because non-signatory countries could negate global efforts to reduce the pro-
duction of ozone-depleting chemicals, the Montreal Protocol introduced trade 
sanctions as an incentive for participation.

25 See Houser et al. 2008.
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time when global trade regimes are already in dire straits. Here in 
 particular, an important distinction must be drawn between sanctions 
imposed unilaterally and sanctions that are agreed to in advance as 
part of an international climate regime. (In the latter case, sanctions 
would essentially be used as enforcement mechanisms, as they were 
under the Montreal Protocol.) It would likely be diffi cult, however, to 
get major developing countries to agree in advance to the legitimacy of 
sanctions that might be used against them.

Support for adaptation efforts
Addressing climate change will require not only reducing emissions 
but also adapting to the climate changes that are inevitable, even 
with future mitigation efforts. Poorer countries will generally be more 
vulnerable to climate change, and wealthier countries are expected to 
provide them with some support as they adapt. How that support for 
adaptation is realized will play a role in mitigation diplomacy.

There is considerable debate as to what role support for adapta-
tion should play in diplomatic efforts to promote emissions mitiga-
tion; there is also debate as to how infl uential support for adaptation 
might be. Some argue that the link is strong, contending that the main 
trade-off in climate negotiations will be between commitments from 
developing countries to undertake emissions reductions and commit-
ments from developed countries to provide assistance with climate 
adaptation. This is problematic, however, because the countries most 
in need of adaptation assistance are generally not the countries from 
which the greatest emission-reduction commitments will be required. 
For example, countries in sub-Saharan Africa will need help with 
adaptation, but have very low emissions and hence are unlikely to 
face signifi cant reduction requirements. In contrast, China is not only 
a large emitter, it is among the countries most likely to need persua-
sion on the mitigation front. At the same time, however, it is diffi cult 
to envision an international agreement that provides China with large 
amounts of outside support for adaptation.

Others see the diplomatic link between adaptation and mitigation as 
more indirect. The developing world has consistently shown solidarity 
against any efforts to promote restrictions on GHG emissions by any 
of its members. Some argue that if developed countries make adapta-
tion assistance for the poorest developing countries part of a deal that 
also requires mitigation commitments from the wealthier developing 
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countries, the poorest countries are less likely to provide political 
cover for countries like China. While this dynamic is almost certain 
to emerge, its importance is debatable. Countries like China and India 
are sensitive to political pressure—both in their regions and more 
broadly from the developing world—but it is unclear how much such 
pressure can sway their decision making on broader climate deals that 
have large implications for economic growth and energy security.

Broader issue linkage
Developed countries may seek linkages that go beyond the climate 
sphere to press developing countries to reduce their emissions. This 
would allow developed countries to offer a wider variety of incentives 
in exchange for mitigation actions by developing countries. The clear-
est precedent for this approach is the deal made to obtain Russia’s 
ratifi cation of the Kyoto Protocol. Russia had previously been blocked 
from membership in the World Trade Organization (WTO) by EU 
leaders, who were concerned about Russia’s high-priced natural gas 
exports (among other things). Worried that Russia’s failure to ratify 
would doom the Kyoto Protocol, however, EU leaders offered Russia 
a deal: in exchange for ratifi cation, EU leaders would ease Russia’s 
entry into the WTO. To be certain, there has since been much legiti-
mate debate about whether this was a good deal, particularly given 
the lax emission caps Russia ultimately signed up to. Nonetheless, this 
example illustrates how progress can be made by linking climate com-
mitments to other major foreign policy issues.

Such linkages can be specifi c, as in the Russian case, but they can 
also be more diffuse. In particular, if major developing countries can 
be brought to believe that taking domestic actions to restrain GHG 
emissions will speed their integration into the class of great powers 
(with the broad benefi ts that would confer for them internationally), 
this perception could promote greater action on their part to reduce 
emissions. So long as countries such as China are seen as out of the 
global mainstream in a wide variety of ways, they suffer little damage 
for also being outliers on climate issues. In addition, so long as there 
are key developed countries that are not taking suffi cient action to 
address climate change, it will be diffi cult to equate global stature with 
a responsible stance on this issue. But as both of those pieces change, 
there is likely to be increasing pressure for developing  countries to take 
mitigation action for its own sake. This is not likely to be a  signifi cant 
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issue for many of the key developing countries—notably China and 
India—in the very near term, but it is likely to become increasingly 
relevant over time.

Institutions

Efforts to exploit the aforementioned sources of leverage will unfold in 
a variety of forums, including through bilateral and regional relation-
ships. However, global negotiations, at least among key countries, will 
be necessary to signifi cantly advance prospects for addressing the climate 
challenge. Failing a grand deal, other coordination among key countries 
will be necessary to make sure various efforts reinforce each other and 
to minimize potential confl icts. Cooperation is needed to ensure com-
parability of effort among developed countries; to coordinate domestic 
policies as necessary, including harmonizing carbon trading systems 
and fi nancing; to develop a common understanding on the roles of dif-
ferent negotiating forums; and to reach agreement on the role of trade 
sanctions. With these needs in mind, we turn to the two main types of 
forums for global negotiations: fi rst, the United Nations and second, 
so-called minilateral climate-focused groups, such as the Group of Eight 
plus Five (G8+5) “Gleneagles” process and the Bush administration’s 
Major Economies Meetings, which have been succeeded by the Obama 
administration’s Major Economics Forum (MEF).

United Nations Framework Convention on Climate Change
All major countries have emphasized the centrality of the process 
established under the UNFCCC as the main vehicle for international 
climate diplomacy, including efforts to promote action on the part of 
developing countries. There are three basic arguments for working 
within the UNFCCC. Because GHG emissions have the same effect 
on the climate regardless of their source, a global forum in principle 
provides the greatest possible set of opportunities to reduce them. 
In addition, because free riding by even small numbers of countries 
can undermine progress toward the environmental objective and 
introduce competitiveness concerns, a forum that leaves out even a 
relatively small number of countries may be unable to deal with such 
issues effectively. Meanwhile, the UNFCCC has become associated in 
many circles with serious action on climate change—conversely, alter-
natives to it have become associated by many with a lack of ambition. 
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As a result, emphasizing the centrality of the UNFCCC has become 
symbolically important.

Within the UNFCCC, there are two basic models for how an agree-
ment might be reached. One would be a self-contained agreement, 
where different countries make different commitments with trade-
offs acceptable to all. This is similar to the Kyoto deal but would be 
enlarged to include other key emitters. Alternatively, a deal might be 
reached within the UN process but only as the result of many other 
trade-offs and bargains made outside of that forum. There is wide-
spread concern, however, that no comprehensive deal of either variety 
will be reached within the UNFCCC. It was already very diffi cult to 
reach agreement on the Kyoto Protocol, which only required mitiga-
tion commitments from a small number of advanced countries. Adding 
several rapidly emerging economies to the mix, as is likely to be neces-
sary to sell a deal in many of the developed countries, will make things 
far more diffi cult—and embedding this negotiation within a forum 
involving nearly 200 countries only exacerbates the challenges. All of 
these problems are refl ected in the recent failure of the Doha round of 
trade negotiations—negotiations that involve far fewer countries than 
the UNFCCC and that are, in other ways, simpler (and certainly more 
familiar) than climate negotiations.26

The UN process is also distinguished by its emphasis on legal 
arrangements. This is helpful in that such agreements often provide 
a stronger basis for collective action of the sort required for dealing 
with climate change, where inaction (or recidivism) by one country 
can undermine the viability of action by others. At the same time, 
treaty-focused negotiations can often drive states to focus on com-
mitting to the weakest possible actions; the resulting treaties can 
then become rallying points for national-level actors who do not 
wish to go beyond what their countries have formally committed to. 
This in turn undermines those who advocate more ambitious efforts 
to cut emissions. To achieve a strong outcome, it is essential that 
negotiators keep the above dynamic in mind and aim to conclude a 
deal that promotes the greatest emissions reductions from developing 
countries, not merely the strongest form of commitment to reduce 
emissions.

26 See, for example, comments in Stephen Castle, “For Global Trade Talks, the 
Stakes Have Risen,” New York Times, July 19, 2008.
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Minilateral forums
There has been a move in recent years—pushed particularly by 
the United States and the UK, but supported by several other key 
 countries—toward using smaller groups for climate negotiations, 
whether as complements or alternatives to the UN process. The most 
prominent of these small groups have been the G8+5 “Gleneagles” 
process established by Prime Minister Tony Blair in 2005, and the 
Major Economies Meetings (MEM) established by President Bush in 
2007 and succeeded by the Obama administration’s Major Economics 
Forum in 2009. By reducing the number of participants in negotiations 
while including major emerging economies, these efforts aim to sim-
plify discussion while still encompassing the majority of global GHG 
emissions.27 The MEM/MEF effort has also emphasized the inclusion 
of government offi cials outside environment and foreign ministries, on 
the premise that many of the most powerful actors in national climate 
and energy policy often come from elsewhere in government.

It is diffi cult to judge whether the MEM/MEF effort was successful. 
The perception that the Bush administration was unwilling to engage 
seriously on climate change until recently undermined the effectiveness 
of any US-sponsored forum, including the MEM. The MEM initiative 
was also distinguished by the fact that it was not aimed at establishing 
independent agreements, but at laying the groundwork for a global 
post-Kyoto deal. This means that many of the same impediments that 
face UNFCCC negotiations—in particular, the diffi culty of fi nding a 
legal arrangement (either a treaty or a protocol to an existing treaty) 
acceptable to all key developed and developing countries—applied 
to the MEM. This is not a necessary feature of all minilateral efforts, 
but it was required in order for the United States to gain acceptance 
by reassuring other parties that it did not intend to sideline the UN 
process. The MEF, established as a successor to the MEM, has been 
more warmly received internationally; it is still impossible, however, 
to determine its effectiveness.

The G8+5 effort, in contrast, has not only been aimed at feeding 
into the post-Kyoto negotiations but is also attempting to establish 
complementary agreements, such as a recent agreement to jointly 

27 Eight countries or groups of countries—the United States, the European Union, 
Japan, Russia, China, India, Brazil, and Indonesia—are responsible for roughly 
three-quarters of the world’s GHG emissions.
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pursue carbon capture and sequestration demonstration projects.28 
Such agreements indirectly support diplomacy and negotiations by 
building countries’ confi dence that they can meet promises to control 
emissions; moreover, this approach also takes advantage of the 
greater ease with which political (rather than legal) agreements can 
be reached. The G8+5 process has, however, aroused concerns on the 
part of some key developing countries about what they perceive as 
their second-class status in the forum, and has suffered from that. Its 
focus on non-binding commitments also means that promises may be 
more likely to go unfulfi lled.

In addition to these two types of global efforts, regional forums can 
play important roles. The most prominent currently is the Asia-Pacifi c 
Partnership on Clean Development and Climate, which is focused 
squarely on sector-by-sector action on the ground and on implement-
ing emission reductions. By working in a regional grouping, it simpli-
fi es interactions, and by focusing on concrete cooperation, it removes 
some of the diffi culties associated with higher-level negotiation. At the 
same time, the Asia-Pacifi c Partnership has been criticized for its focus 
on aspirational rather than binding goals; it has also suffered from a 
lack of political attention and additional public funding for the imple-
mentation of projects.

Conclusions

Over the next few years, as the United States returns to a more promi-
nent role on the international stage and as the end of the fi rst Kyoto 
commitment period draws near, there will be increasingly intensive 
efforts to reach a new global climate arrangement. Such an arrange-
ment would have enormous value both in addressing the need to miti-
gate rapidly increasing developing country emissions and in addressing 
the need for fi nancial support from developed countries (of course, an 
agreement would also address the need for further mitigation efforts 
on the part of developed countries themselves). If no arrangement can 
be found that reduces emissions and provides the right support for 
developing countries, there will be virtually no chance of stabilizing 
atmospheric GHG concentrations at an acceptable level while simul-

28 “G8 Declaration on Environment and Climate Change,” July 8, 2008, accessed 
at www.nma.org/pdf/misc/070808_g8e/pdf, September 9, 2008.
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taneously and fully promoting increased economic prosperity in the 
developing world.

Much of the effort to fi nd a workable global solution is likely to 
focus on a kind of “grand bargain,” with developing countries  offering 
some form of commitments in exchange for emission mitigation com-
mitments and signifi cantly increased fi nancing from developed coun-
tries. On the one hand, a grand bargain will not be reached easily; 
the contentiousness that has characterized both domestic debates 
within countries like the United States and international debates 
within the UNFCCC negotiating tracks demonstrates the diffi culty of 
the challenge. On the other hand, the emergence of new ideas about 
commitments and fi nancing, as well as less formal and less inclusive 
negotiating efforts, suggests growing interest in pursuing a variety of 
approaches.

It is diffi cult to judge now exactly what approach, what diplo-
matic and fi nancing tools, and what forum are going to prove most 
 successful—only experience will reveal precisely what approaches 
work best. In this situation, betting on a single “silver-bullet” strategy 
is not a good idea: the climate problem is too urgent to admit a narrow 
focus that might turn out to fail. Instead, the United States and the 
world will need to pursue a variety of policy reform efforts, fi nancing 
approaches, and diplomatic venues in parallel.
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22 International forest carbon 
sequestration in a post-Kyoto 
agreement
Andrew J.  Plantinga and 
Kenneth R.  Richards 1,2

Introduction

Forest carbon management must be an important element of any 
international agreement on climate change. Forest carbon fl ows 
comprise a signifi cant part of overall global greenhouse gas (GHG) 
emissions. While global forests as a whole may be a net sink (Nabours 
and Masera 2007), global emissions from deforestation contribute 
between 20 and 25 percent of all GHG emissions (Sedjo and Sohngen 
2007, Skutsch et al. 2007). The size of the total global carbon pool 
in forest vegetation has been estimated at 359 gigatonnes3 of carbon 
(GtC), which compares to annual global carbon emissions from indus-
trial sources of approximately 6.3 GtC (IPCC 2000). The potential 
impact on the global carbon cycle of both natural and anthropogenic 
changes in forests is enormous.

An effective international forest carbon management regime must 
not only provide landowners and governments with incentives to 
protect and expand stocks of carbon, but must induce countries to 
enroll in the forest agreement in the fi rst place. Ideally, a multilateral 
forest carbon program would also impose relatively low transaction 
costs even as it encourages decision makers to seek low-cost opportu-
nities for sequestration.

The current international regime, the Kyoto Protocol, has proven 
ineffective in this regard. There are three primary problems. First, the 

1 Department of Agricultural and Resource Economics, Oregon State University, 
Corvallis and School of Public and Environmental Affairs, Indiana University, 
Bloomington, respectively. The authors would like to thank Elizabeth Baldwin, 
Naomi Pena, Stephanie Richards, Robert Stavins, and an anonymous referee for 
useful comments.

2 Corresponding author—kenricha@indiana.edu, telephone: 812-855-5971.
3 One gigatonne is one billion (109) metric tonnes.
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Annex I (industrialized) countries are required to include afforesta-
tion, reforestation, and deforestation in their national accounting.4 
However, Article 3.3 of the Kyoto Protocol limits that accounting 
to changes that are “human-induced,” inviting endless arguments 
about which changes should be included. For example, one can make 
reasonable arguments both for and against, say, Canada’s inclusion 
of continued northern forest growth as a “human-induced” change 
in its national carbon account. By considering only human-induced 
changes, the Kyoto approach discourages countries from accepting 
the responsibility for, and the benefi t of, all carbon changes under their 
authority.

Kyoto has also failed to provide non-Annex I countries with incen-
tives to reduce carbon emissions through forest management. Forestry-
related carbon gains in non-Annex I countries, which are included 
under the Clean Development Mechanism (CDM) of Article 12, are 
limited to afforestation and reforestation projects only (Santilli et al. 
2005). The CDM thus excludes potentially benefi cial projects, includ-
ing those that could reduce deforestation. In addition, the carbon 
effects of individual forestry projects are diffi cult to measure. This 
makes the CDM a poor tool for providing incentives for individual 
forestry projects, even though the aggregate potential of such projects 
is signifi cant. Perhaps predictably, the CDM mechanism as currently 
constituted has certifi ed only one forestry project.

Finally, the current approach under the Kyoto Protocol may 
 actually accelerate deforestation by shifting timber harvesting from 
Annex I to non-Annex I countries (Silva-Chavez 2005). This inter-
country leakage cannot be addressed by a system that does not include 
global accounting of changes in forest use.

The impending expiration of the Kyoto Protocol in 2012 invites 
a reexamination of how the global community can address forest 
carbon management in the context of an international climate 
change agreement. There has also been growing interest in identify-
ing a mechanism for including avoided tropical deforestation under 
the Kyoto Protocol or its successor (Skutsch et al. 2007, Nepstad et 
al. 2007, Gullison et al. 2007). At the ninth Conference of Parties 

4 Afforestation refers to the conversion of non-forested land to forest, whereas 
reforestation refers to the replanting of forest land following harvest. 
Deforestation is the destruction of forests.
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meeting (COP9), a proposal for “compensated reduction” (CR) in 
deforestation was advanced by a group of Brazilian NGOs (Santilli 
et al. 2005) and endorsed by Papau New Guinea and Costa Rica 
(UNFCCC 2005).5 Subsequently, participants at the COP11 meeting 
initiated a two-year study on reduced emissions from deforestation 
and degradation (REDD) to address the expansion of the Kyoto 
Protocol to include this major source of emissions (Sanz 2007, 
UNFCCC 2005).

The purpose of this chapter is to consider alternative approaches 
to forest management that will reduce net global carbon dioxide 
(CO2) emissions more effectively than the current Kyoto Protocol. 
We suggest that there are attractive alternatives to the Kyoto Protocol 
approach, particularly the national inventory (NI) approach fi rst 
described by Andersson and Richards (2001). While the CR proposals 
contain some of the attractive features of the NI approach, they also 
have a number of shortcomings that make them less promising than 
the NI system.

The next section provides a brief description of assumptions regard-
ing how energy-related emissions are addressed in the successor to the 
Kyoto Protocol. Subsequent sections discuss the range of terrestrial 
carbon sequestration activities that might ideally be addressed by a 
carbon management regime; design issues for a forest carbon man-
agement regime, including alternative program structures and the 
intertemporal nature of carbon fl ows; and alternatives to the Kyoto 
Protocol approach to forests. Specifi cally, we explore two options: a 
scheme that provides emission allowances in proportion to national 
accomplishments and an aid-based approach that is not linked to a 
carbon trading program. The chapter concludes with a discussion of 
the alternatives, suggesting that the NI approach, when linked to an 
international emissions trading system, appears most promising.

Assumptions about policy context

To provide a complete description of a forest carbon sequestration 
program, it is important to be explicit about the assumed institutional 
context for program implementation. The framework for this  analysis 

5 Refi nements and critiques of the CR approach are found in Schlamadinger et al. 
(2005), Skutsch et al. (2007), Myers (2007), and Sedjo and Sohngen (2007).
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is a treaty under which countries are obligated to meet specifi ed 
 emissions reductions targets. We assume that the treaty establishes an 
international cap-and-trade program for CO2 emissions from energy 
sources. This raises the possibility, but not the requirement, that a 
forest carbon program could be linked to the emissions cap-and-trade 
program.

We assume also that the international agreement is developed 
under the United Nations Framework Convention on Climate Change 
(UNFCCC). There are currently 191 parties to the UNFCCC, and 
we assume that broad participation will be an objective of the 
 international agreement. As a result, an effective agreement will 
accommodate a large range of countries that differ in terms of size, 
geographic location, stage of development, extent of forest resources 
and land opportunities, and sophistication of forest management. As 
we will discuss, broad participation by countries will be important to 
limit leakage effects from the carbon sequestration program.

Also important is the current political context, which will shape 
the negotiations over any forestry proposal. It is evident from the 
current interest in REDD that some countries and interest groups 
favor a comprehensive national approach such as we propose here, 
while it is likely that others will advocate for the present system of 
 project-by-project (PBP) accounting. Moreover, there may be some 
actors who oppose, in general, the inclusion of carbon sinks under 
a new treaty, while others may favor expanding the range of eligible 
sinks. Given space constraints, we cannot provide the treatment that 
these issues deserve. We focus here on presenting the NI approach, 
leaving for a future paper an assessment of how our proposal is likely 
to be viewed by the climate change community.

Range of forestry activities involved

All terrestrial carbon sequestration removes CO2 from the atmosphere 
and stores it in organic material. A broad range of potential activi-
ties can contribute to terrestrial carbon sequestration. As Table 22.1 
 suggests, activities can be organized according to (1) the strategy or 
objective of individual practices and (2) the land type on which the prac-
tices are implemented. Terrestrial sequestration strategies fall into three 
broad categories, which appear as columns in Table  22.1:  expansion 
of carbon stocks, conservation of stocks, and offsite  sequestration/
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Table 22.1 Terrestrial sequestration practices to increase carbon 
stocks or reduce greenhouse gas emissions

Land type
Conservation of 
stocks

Strategy/Objective

Expansion of 
stocks

Offsite 
sequestration or 
emissions reduction

Forest Modifi ed
harvesting 
practices

Preventing 
deforestation

Change to 
sustainable forest 
management

Fire suppression 
and management

Reforestation
Modifi ed 

management 
e.g., fertilization, 
improve stocking, 
biotechnology, 
species mix, 
extended rotations

Wood fuel 
substitution

Expanded wood 
products

Extended wood 
product life

Displace concrete/
steel

Recycling wood and 
paper products

Crop Soil erosion 
and fertility 
management

Water management
Maintain perennial 

crops
Residue 

management

Afforestation
Agroforestry
Improved cropping 

systems
Improved nutrient 

and water 
management

Conservation tillage
Crop residue 

management
Restoration of 

eroded soils
Conversion to grass 

or other permanent 
vegetation

Biofuels substitution
Fertilizer 

substitution or 
reduction

Other bioproducts 
substitution

Grazing Improved grazing 
systems

Afforestation
Change in species 

mix, including 
woody species

Restoration of 
riparian zones

Fertilization
Irrigation

Livestock dietary
  changes

Source: Richards et al. (2006)
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emissions reductions. Each of these strategies can be carried out on 
different land types (rows in Table 22.1): forestlands, croplands, and 
grazing lands.

One objective of terrestrial carbon sequestration is to prevent the 
loss of carbon that is already stored in natural and man-made eco-
systems. On forestland this might include modifying harvest practices 
to reduce soil disturbance, preventing deforestation, and managing 
fi re more effectively to avoid catastrophic loss. On cropland it could 
include reducing soil erosion to avoid carbon loss. Another objective 
of sequestration is to expand carbon stocks by reforesting harvested 
forestland and implementing new management methods such as 
extended rotations, afforesting croplands, implementing agro-forestry 
practices, and converting grazing lands to forest stands. Finally, 
forest practices can also affect carbon emissions by changing the way 
resources are used offsite. For example, when structural wood prod-
ucts and wood fuels displace concrete, steel and fossil fuels, net carbon 
emissions will be reduced.

Two important observations emerge from this very brief discussion.6 
First, most of the practices that increase terrestrial sequestration are 
familiar activities that are already integral to land-use management. 
The goal of an international terrestrial carbon sequestration program 
is not so much to induce landowners to engage in “new” activities, 
but rather to expand the adoption of established practices that protect 
and expand carbon stocks. This raises two intertwined issues: causal-
ity and additionality.

First, according to Article 3.3 of the Kyoto Protocol, countries must 
differentiate changes in land use that are human-induced from those 
that are natural in their national reports. The need to determine cau-
sality raises important issues. The Intergovernmental Panel on Climate 
Change (IPCC) Special Report on Land Use, Land-Use Change and 
Forestry (Section 2.3.3.1) acknowledges that while “carbon stock 
changes can be measured directly with a variety of techniques, attrib-
uting a given change in carbon stocks to a particular cause can be 
much more challenging.” The IPCC Special Report nonetheless asserts 
that accounting for causality is a necessary element of an international 
forest carbon sequestration program for reasons of interannual vari-
ation and consistency with objectives.

6 For more detail on terrestrial sequestration practices see Paustian et al. (2006) 
and Richards et al. (2006).
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Second, the project-based approach in the CDM requires parties 
to establish not only that humans induced a change in carbon 
 sequestration, but why. The key issue is additionality—would the 
activity have taken place in the absence of the program, or does it 
represent additional reductions in emissions? As discussed below, 
national-level accounting addresses both causality and additionality 
concerns while circumventing the problems raised by the requirement 
to differentiate between human-induced and natural changes.

The second issue raised by Table 22.1 is that because the range 
of terrestrial activities is so broad, it has been challenging to fi nd 
one simple approach that will suffi ce to encourage all of these prac-
tices. Two alternatives suggest themselves. First, the international 
community could develop a large number of programs, evaluation 
approaches, and incentives, each designed to address a subset of 
these practices. Indeed, some proposals have, for example, suggested 
separate programs for afforestation/reforestation and deforestation 
(Santilli et al. 2005). Alternatively, an international agreement could 
pragmatically focus instead on aggregate results, attempting to cover 
as many of the practices and results as possible under one seamless 
program. While all of the practices listed in Table 22.1 warrant con-
sideration, it is beyond the scope of this chapter to examine all of 
them in detail. This report focuses solely on forest carbon, specifi cally 
on programs to encourage afforestation, reforestation, deforestation, 
low-impact logging, forest management, fi re management, and related 
forestry activities.

Broad issues for program design

As the international community considers how to incorporate forest 
management into the next climate change agreement, it must make 
several choices about program design. These include (1) the basic unit 
of analysis—individual forestry project, national forest inventory, or 
some other intermediate level—upon which the program will focus; 
(2) the linkage, if any, with a broader international GHG emissions 
trading program; and (3) appropriate methods for determining a base-
line or reference case, which in turn will vary depending on the unit 
of analysis.
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Unit of analysis

A critical feature of a policy is the scale at which carbon sequestration 
is measured and rewarded. This design element has important impacts 
on the way forest management is valued and on the parties responsible 
for implementation. For example, under the CDM provision of the 
Kyoto Protocol, the unit of analysis is the individual project. Carbon 
sequestration activities are undertaken by a project developer, who 
defi nes a project for a particular parcel (or parcels) of land and for a 
specifi c time period. Changes in the terrestrial carbon stock are then 
measured for the duration of the project.

Alternatively, the unit of analysis could be the territory under the 
jurisdiction of a nation or other political entity. In this case, measure-
ment would be made of a nation’s entire carbon stock (or changes 
therein). The national carbon inventory would include, but would 
not be limited to, stocks associated with specifi c carbon sequestra-
tion activities. Under this approach, national governments would be 
responsible for developing domestic programs to encourage carbon 
sequestration. Unlike the project-based approach, this system can 
include multiple carbon sequestration practices under the umbrella of 
one seamless program. In addition, this approach avoids the defi ni-
tional problems associated with the current requirement to distinguish 
between anthropogenic and natural forest changes. Instead, the NI 
system fully values the potential for forestry policies to contribute to 
national carbon mitigation by considering the aggregate impact of all 
forestry changes.

Measurement issues and linkage

Another important feature of the policy design is the relationship of 
carbon sequestration to an international allowance trading program. 
The presence of linkage will determine whether measurement focuses 
on inputs or outcomes. The fi rst possibility is a linked system whereby 
carbon sequestration offsets can be redeemed in the permit market. 
Offset credits would be defi ned for increments of sequestered carbon 
that are additional relative to a specifi ed reference case. A project 
developer or nation could sell these offset credits in the permit 
market, thereby allowing carbon sequestration to substitute for emis-
sions reductions. This approach necessarily focuses on outcomes 
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by  measuring changes in the carbon stock, either as the result of an 
individual project or on a nationwide basis. The metric of interest 
concerns carbon fl ows—namely, the fl ow of carbon into the terrestrial 
system over a defi ned period. Carbon offsets need to be measured in 
fl ow terms to allow substitution for emissions reductions, which are 
also measured as a fl ow. Of course, the fl ow of carbon is functionally 
related to the stock of carbon, being equal to the difference in the 
stock at two points in time.

If carbon sequestration is not linked to allowance trading, then one 
need only measure inputs into activities, such as the number of acres 
afforested or the expenditures on programs to deter deforestation. 
Incentives for carbon sequestration could be provided by sponsoring 
organizations, including national governments, non-governmental 
organizations, and international agencies. As with a program linked 
to allowance trading, the unit of analysis for these programs can 
be either individual projects or the nation. This approach might be 
favored if reliably measuring changes in the carbon stock over time 
proves too diffi cult.

Baseline

Under a linked policy, offset credits would be granted for carbon 
sequestration that is additional relative to a baseline reference case. 
The reference case can be defi ned either as a fl ow or a stock. In the 
latter case, credits would be based on the difference between the actual 
stock and the reference stock. There are two basic ways to specify the 
reference case. One is to defi ne it as the carbon stock that would have 
resulted in the absence of the carbon sequestration activity. Because 
this is the counterfactual scenario, the reference stock cannot be 
observed and must be estimated. One simple estimation approach is to 
apply extrapolation methods to historical data. For example, the rate 
of forest loss in the reference case might be set equal to the rate during 
a recent historical period (Schlamadinger et al. 2005). Alternatively, 
future forest conditions can be predicted with structural economic and 
forest inventory models, similar to what is done for assessments under 
the Resources Planning Act in the United States (US Department of 
Agriculture, Forest Service 2000).

The second way to specify the reference case is through a negotia-
tion process. While these negotiations could be informed by historical 
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trends or modeling results, there would be no presumption that the 
reference case is an estimate of the stock in the absence of the policy. 
This approach makes more sense if national inventories are the basis 
for defi ning offset credits, as the costs of negotiating baselines for 
numerous individual projects would likely be prohibitive.

Negotiated baselines offer several advantages. First, they avoid 
the diffi cult task of estimating unobservable counterfactuals. Second, 
they allow negotiators to address equity and fairness issues related to 
nations’ historical uses of forests. For example, developing countries 
may be given more generous baselines—including, in some cases, 
baselines that are actually below known carbon stocks—to address 
the argument that developed nations have contributed more to the 
climate change problem and, therefore, should shoulder more of the 
burden. Finally, disassociating target stocks from baseline stocks 
may mitigate the adverse selection problem whereby countries with 
historically declining carbon stocks refuse to participate in the 
agreement.

Negotiated baselines also have potential pitfalls. Reliance on the 
negotiation process introduces the possibility that nations with more 
bargaining power will be able to negotiate less stringent targets. While 
this will not be ineffi cient if the permit market equalizes national 
sequestration costs on the margin, some countries may perceive it to be 
unfair and refuse to participate. It should be recognized that the threat 
of non-participation actually acts as a check on the unrestrained use of 
bargaining power. Further, the logical alternative—use of historical or 
predicted baselines—may also discourage participation because of the 
adverse selection problem discussed above. An intermediate approach 
is to use historical baselines as a starting point for negotiating target 
stocks. This may lessen the infl uence of bargaining power while avoid-
ing the adverse selection problem.

Summary of design issues

This discussion has provided an overview of a few of the important 
design issues involved in developing an international carbon seques-
tration program. There are several important implications. First, it is 
benefi cial to minimize implementation costs, particularly for devel-
oping nations. One way to minimize costs is to unify the treatment 
of forest carbon under one seamless program to the extent possible. 
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It is also important to assure that the measurement and monitoring 
requirements of the program are manageable.

Second, the program should encourage parties, whether private 
or governmental, to fi nd an effi cient balance between the abatement 
of energy-related emissions and forest carbon sequestration. It is 
important, then, for the program to provide appropriate incentives 
at the margin to undertake all types of forestry practices that protect 
and expand forest carbon stocks. At the same time it is important 
to recognize that it may be necessary to provide side payments, or 
“infra-marginal inducements,” to get countries or other parties to sign 
up initially. These payments could be in the form of fi nancial induce-
ments or they could take the form of more generous allocations of 
emissions allowances. In the latter case, it will be necessary to account 
for the additional allowances when setting targets and determining the 
overall distribution of allowances among countries.

Finally, it is important that the system not encourage adverse selec-
tion. For example, it will be critical to the program’s success to ensure 
that countries with diminishing carbon stocks are not discouraged 
from participating.

The preceding discussion points to three basic policy designs: (1) a 
project-level program linked to a cap-and-trade system, (2) a national-
level program linked to a cap-and-trade system, and (3) a system to 
promote national policies and practices (i.e., input-based programs) 
that are not linked to the trading program. The CDM falls in the fi rst 
category; the NI approach falls in the second category; and an input-
based national aid approach falls in the third category.

National inventory approach

The problems associated with project evaluation under the PBP or 
project-by project approach, as embodied in the CDM,7 have prompted 
a search for alternatives. Andersson and Richards (2001) fi rst recom-
mended a National Inventory (NI) approach that would change the 
unit of analysis from individual projects to gains in carbon invento-
ries at the national level. The NI and compensated reduction (CR) 

7 For a discussion of the problems associated with the PBP approach to carbon 
sequestration program design, see, for example, Richards and Andersson 
(2001).
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approaches are similar in that they both measure changes in carbon 
stocks relative to a national baseline.8 However, NI is broader in that 
it applies to all participating countries and accounts for any measur-
able changes in terrestrial carbon (not just changes from avoided 
deforestation in tropical countries). In this sense the NI approach is 
more consistent with, and provides specifi city for, the concept of “full 
carbon accounting.” The CR proposals are largely developed within 
the basic framework of the Kyoto Protocol (Santilli et al. 2005). For 
example, the CR proposals defi ne different responsibilities for Annex I 
and non-Annex I countries, whereas the NI approach does not.

In this section, we describe and evaluate the NI approach for pro-
moting expansion of global forest carbon stocks, regardless of the 
type or source of change. NI is an alternative approach to carbon 
management that eliminates or mitigates many of the serious problems 
encountered with the PBP accounting of the CDM. The NI approach 
is based on the observation that to the extent possible, all forest 
carbon conservation and augmentation practices should be included 
in a seamless program. In contrast, while the CR approach provides 
an attractive mechanism to encourage countries to slow deforestation, 
it appears limited to tropical countries and incorporates an artifi cial 
distinction between slowing deforestation and other practices, like 
afforestation, that increase carbon.

In the next subsection, we provide an overview of the NI approach. 
This is followed by an evaluation of the performance of NI relative to 
the PBP approach. In the two fi nal subsections, we consider in further 
detail the measurement technologies available for national inventories 
and options available for the domestic implementation of carbon 
sequestration activities. Whenever possible, we compare and contrast 
NI with CR.9

Defi ning the national inventory approach

The defi ning feature of the NI approach is that changes in terrestrial 
carbon stocks are measured at the level of nations, rather than at the 

8 Some proposals have been based on a change in deforestation rates. Others have 
focused on changes in deforested acres per year. With suffi cient data, both of 
these metrics can be translated into changes in forest carbon stocks.

9 Further discussion of the NI approach is found in Andersson and Richards 
(2001) and Andersson et al. (2009).
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level of projects. Specifi cally, the focus is on the change in a nation’s 
entire carbon stock rather than the change associated with identifi ed 
carbon sequestration projects. Similar to the negotiation of emis-
sions reduction targets, we envision countries negotiating changes in 
national carbon stocks. At the start of the process, countries will have 
conducted a national forest carbon inventory, yielding an estimate of 
S0, the carbon stock at time 0. In addition, countries will have assem-
bled available information on historical forest trends.10 This estimate 
would be used only to inform the negotiation process—it has no spe-
cifi c or binding effect on the setting of countries’ baselines.

The process starts with a negotiation to determine each country’s 
baseline carbon stock or reference case, which we denote NS0. Then 
each nation’s carbon stock is assessed periodically, say every fi ve 
years. The new stock level at the end of the fi rst period is denoted S1. 
If S1 exceeds the negotiated reference stock, then S1-NS0 offsets are 
awarded to the participant country. Conversely, if the actual stock at 
the end of the fi rst period is below the negotiated reference stock, the 
country must cover its defi cit by submitting NS0-S1 credits. At the end 
of the second time period the process is repeated and S2-S1 additional 
allowances are awarded to the participating nation (or debited if the 
number is negative).11

Two assumptions are implicit in this design. First, a country can opt 
into the forest sector program even if it has not agreed to a cap on its 
energy- and industry-related emissions. Second, once a country has 
enrolled in the international forest carbon program, it is fully respon-
sible for changes in its forest carbon stocks relative to its negotiated 
reference case. Some countries might not have annual allocations of 
allowances because they are not participating in an emissions trading 
program under a cap. If those countries experience a reduction in their 
estimated carbon stocks, S1, relative to their negotiated baseline refer-
ence case, NS0, they will have to surrender allowances to cover the dif-
ference. Presumably countries in that position would purchase those 
allowances from the international emissions trading market.

10 Bird (2005) notes that prior to the negotiations in Kyoto, each Party had to 
provide data on emissions from fossil fuel use and forecasts of future emissions 
under different scenarios. He recommends a similar process for the negotiation 
of targets for CR.

11 It is also possible to imagine a system under which a new reference case stock 
would be negotiated at the beginning of each period.
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Much recent attention has focused on rewarding countries for 
avoided deforestation (Moutinho et al. 2005). In the CR proposals, 
there is a reluctance to hold tropical countries liable when they fail to 
meet targets. One concern is that penalties for non-compliance will 
deter these countries from participating (Schlamadinger et al. 2005). 
Nonetheless, Santilli et al. (2005) argue that host country liability is 
the only viable option with national-level accounting, thus rejecting the 
principle of investor liability used under the CDM.12 Under their pro-
posal, countries would be allowed to make up unmet obligations during 
the subsequent commitment period.13 It is unclear whether there would 
be any repercussions if a country failed to do so. Schlamadinger et al. 
(2005) propose that credits be awarded on a sliding scale. As emissions 
from deforestation increase above a lower target, a declining number of 
credits are awarded until fi nally, when emissions exceed an upper target, 
no credits are given. Similarly, under the Joint Research Centre proposal 
(see Skutsch et al. 2007), countries receive credits for reducing emissions 
below their target but are not penalized for emissions above the target.

The basic problem with these proposals is that they attempt to use 
one instrument—credits for avoided deforestation—to infl uence two 
types of decisions: the initial decision to participate in the international 
sequestration program and on-going land-use management decisions. 
The NI approach recognizes that these are two distinct goals— inducing 
countries to enroll and providing them incentives to make effi cient 
choices about sequestration once they are enrolled. The concern raised 
by Schlamadinger et al. (2005) that countries will not enroll if they 
know they will be held responsible for losses can be addressed by rec-
ognizing that it is possible to provide ex ante inducements for countries 
to enroll—perhaps in the form of a relatively generous reference case—
and still hold them strictly responsible for their ex post performance.

An important feature of NI is the use of a negotiated reference stock. 
The CR proposals emphasize the construction of historical baselines 
against which future performance is evaluated.14 While historical data 

12 Afforestation and reforestation projects under the CDM generate temporary 
Certifi ed Emissions Reduction credits. If the carbon sequestered under the 
project is released, the buyer of the credits is liable for an equivalent reduction 
in emissions.

13 Sedjo and Sohngen (2007) propose a similar mechanism.
14 An exception is Bird (2005), who proposes negotiated targets similar to those 

envisioned for the NI approach (Andersson and Richards 2001).
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would be a logical starting point for negotiating NI targets, there is no 
presumption that the negotiated reference stock is functionally related 
to either the actual historic or projected baseline stock (i.e., the stock 
that would result in the absence of domestic carbon sequestration 
activities). As noted above, by avoiding the diffi cult task of forecast-
ing baselines, negotiations can better address perceived fairness and 
equity concerns and mitigate adverse selection problems.15

Some authors have worried that if the reference case or baseline set 
for each country does not refl ect the actual level of activity, or in the 
case of the NI approach, the actual carbon stock, it could lead to “hot 
air,” i.e., a condition under which countries are receiving allowances 
or payments without actually making any changes (Morgan et al. 
2005, Skutsch et al. 2007). A further concern is that if countries are 
given allowances, while in fact effecting no change, the integrity of the 
environmental goal will be undermined.

These concerns are both valid and resolvable. The key is fi rst to rec-
ognize that “hot air” allowances serve as an inducement for reluctant 
countries to enroll at the outset. They provide a way to overcome the 
necessary severity of the payback requirement for countries that actu-
ally reduce their stocks. Second, it is important to assure that any of 
these hot air allowances are balanced with corresponding emissions 
reductions in the developed world. In this sense, hot air allowances 
are equivalent to an indirect fi nancial transfer from countries that 
adopt lower emission targets to those that agree to enroll in the carbon 
sequestration program.

In contrast to the PBP approach, national governments, rather than 
project developers, have the responsibility for managing terrestrial 
carbon stocks. Accordingly, under the NI approach, governments 
replace project developers in the offset allowance market. We envi-
sion governments pursuing a suite of domestic policies to augment 
carbon stocks as well as to satisfy other national objectives. While the 
fi nancing of domestic activities would be the ultimate responsibility of 
a national government, funds could originate with the sale of offset 
credits from a previous evaluation period, or from the sale of carbon 
bonds at the start of an evaluation period (Santilli et al. 2005).

15 Osafo (2005) notes that Ghana has experienced little past deforestation, but 
that its deforestation rate has recently been increasing. He suggests that a target 
rate be set higher than the historical rate to encourage participation.
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National inventories would be performed using verifi able meth-
odologies, consistently applied across participating countries. To 
help ensure that measured changes in stocks are due to actions by a 
country, and not to changes in methodology, the same measurement 
protocol would be used within a country to estimate carbon stocks 
at the beginning and end of an evaluation period. However, over 
successive evaluation periods, new technologies could be employed 
to increase accuracy and reduce costs. Because NI requires measure-
ment of changes in the entire carbon stock, we anticipate that remote 
sensing (e.g., satellite images of land cover) will need to be extensively 
used.

Performance of the NI approach relative to the PBP 
approach

The NI approach mitigates the problems of additionality, leakage, 
and permanence that arise under the PBP approach (Richards and 
Andersson 2001). By design, NI gives credit only for carbon seques-
tration that is additional to the negotiated target stock. The target 
stock is, in effect, a national reference case against which a country’s 
carbon sequestration activities are measured. It is still possible that 
a national government may pay for non-additional projects when it 
pursues domestic policies to sequester carbon; however, only addi-
tional carbon will be credited under the carbon accounting mechanism 
of the international treaty.

Because a country’s entire carbon stock is measured under NI, there 
is explicit accounting for intra-country leakage and inter-country 
leakage among participating countries. The problem of inter-country 
leakage to non-participating countries persists; however, this is not a 
problem particular to NI. Whenever there is less than full participation 
in an international treaty, there is the potential for unregulated actions 
by non-participating countries to counteract the treaty’s objectives. 
Finally, as long as the mechanism for tracking national inventories 
continues, permanence is not an issue. If carbon sequestered today is 
released later on, it will be explicitly accounted for in a future national 
inventory.

In addition to mitigating the problems encountered under PBP 
accounting, the implementation of a carbon offset program is sim-
plifi ed under the NI approach. Instead of thousands of projects and 
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project developers, the number of parties is reduced to the number 
of participating countries. Currently, there are 191 parties to the 
UNFCCC, a number that includes some countries with negligible 
terrestrial carbon stocks. A smaller number of parties increases the 
verifi ability of carbon stock measurements. Rather than thousands 
of project-level measurements, fewer than 200 national inventories 
would need to be verifi ed. This enhances prospects for the application 
of open and consistent methodologies. A smaller number of parties 
should also lead to lower transaction costs, though Skutsch et al. 
(2007) note that income generated nationally must still be distributed 
to domestic actors. Nepstad et al. (2007) suggest the use of three sepa-
rate funds to channel offset payments to public and private entities in 
the Brazilian Amazon.

While the NI approach has many advantages over the PBP approach, 
it also has several disadvantages. Foremost among these is that 
the scope of carbon sequestration activities that can be considered 
may be limited by the feasibility of measuring changes in the forest 
carbon stock, particularly in the initial stages. Remote sensing must 
be an integral component of the NI approach because of the need for 
 national-scale measurements. With current satellite imagery, changes 
in forest cover can be detected which, when combined with ground-
level measurements, can be used to estimate associated changes in 
forest carbon stocks. Higher-resolution instruments can detect forest 
characteristics and, thus, measure carbon stock changes associated 
with forest management. However, with current technology some 
carbon sequestration activities are too costly to measure on a com-
prehensive basis, including changes in the stock of carbon stored in 
agricultural soil carbon and wood products.

Even with these present limitations, the NI approach can account 
for the most important terrestrial carbon sources and sinks. According 
to the IPCC (2000), deforestation releases approximately 1.8 GtC 
per year, compared to a potential uptake of 0.4 GtC per year from 
cropland and grazing land management. Further, applying the NI 
approach to forest carbon stocks does not preclude the use of an 
alternative mechanism for crediting changes in agricultural and other 
stocks. The fact that some components of national carbon stocks 
cannot be measured accurately under the NI approach at present 
should not prevent this approach being applied to stocks that can be 
measured reliably.
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The fact that all changes in carbon stocks, whether deliberate or 
accidental, are treated the same under the NI approach may lead to 
the perception that some countries are making greater sacrifi ces than 
others. These beliefs may infl uence subsequent negotiations over 
reference case carbon stocks, and perhaps the decision by some coun-
tries to participate in the treaty. While this concern is valid, we feel 
that attempts to differentiate between policy-induced and naturally-
occurring changes would impede efforts to accurately and objectively 
measure changes in carbon stocks.

Under the NI approach, incentives for carbon sequestration arise 
from government policies rather than from private project develop-
ers. This is a relative disadvantage of the NI approach to the extent 
that a country lacks strong governmental institutions, government 
agencies are corrupt or poorly run, and the domestic policy-making 
process is captured by special interest groups. As well, CDM-type 
projects, whereby investors in one country fund carbon sequestration 
projects in another, are unlikely to occur because credits are given on 
a national, rather than on a project, basis.16 On the other hand, the 
NI approach gives national governments a great deal of fl exibility in 
developing policies that are tailored to specifi c domestic conditions 
and that satisfy other domestic objectives besides climate change. For 
example, an afforestation policy may sequester carbon at the same 
time that it reduces soil erosion and enhances wildlife habitat.

Some commentators on the CR approach worry that credits from 
avoided deforestation will “fl ood the market” for emissions allow-
ances, thereby lowering prices and discouraging long-term invest-
ments in clean energy technologies (Silva-Chavez 2005, Vera-Diaz 
and Schwartzman 2005, Morgan et al. 2005, Skutsch et al. 2007). 
A common suggestion is to impose limits on the use of deforestation 
offsets, similar to those placed on offsets from CDM projects. If offsets 
from carbon sequestration are equivalent to those from emissions 
reductions17 and the market for allowances is effi cient, then these con-
cerns are misplaced. For a given time-profi le of emissions caps, agents 
have the incentive to minimize the cost of satisfying these targets. If 
carbon sequestration offsets are available, they will only be purchased 

16 As we will discuss later, international agencies and non-governmental organiza-
tions may want to provide support for national policies and measures.

17 The use of the term “tropical hot air” by some commentators suggests they 
consider offsets to be less legitimate than emissions reductions.
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if they are less expensive than reducing actual emissions. Thus, on 
effi ciency grounds, the use of offsets should be allowed without limit 
and low allowance prices should be seen as a welcome sign of cost 
reductions. Of course, our assumption about effi ciency would need to 
apply to the actual market and policy environment for this conclusion 
to be valid.

Measurement technologies

Signatories to the UNFCCC and the Kyoto Protocol are required to 
report the results of periodic national inventories of GHG emissions 
and removals that include inventories of forest carbon. In practice, 
however, national communications about countries’ GHG status have 
been sporadic or, in some cases, non-existent. Moreover, the report-
ing that has occurred has not been characterized by transparency. 
Andersson et al. (2009) were unable to identify the methods and data 
sources used in each of the reports submitted by Annex I countries. 
Nor were they able to document the exact manner in which the 
UNFCCC expert review team assessed the reliability and validity of 
the methods used in these reports.

For changes in national stocks of terrestrial carbon to be success-
fully linked to a permit trading program, frequent inventories will be 
needed for all participating countries. Given the high stakes that will be 
involved, the process of estimation will need to be highly transparent 
to garner broad support. Finally, these measurements will also need 
to be highly accurate to generate confi dence among the participants 
that carbon allowance allocations correspond to actual increments in 
carbon. Accuracy is also important because of the linkage of carbon 
stocks to the permit trading market. Given the sheer magnitude of the 
carbon fl ows involved, even small errors in the measurement of the 
global forest carbon stock could exceed the total emissions reductions 
stipulated under a treaty.18 Clearly, this uncertainty could undermine 
efforts to reduce net emissions if countries erroneously estimate that 
they have met their emissions reduction targets based on changes in 
carbon stocks alone.

18 When estimates based on existing carbon inventory techniques are subject to 
uncertainty analysis, it is not uncommon to see 15 percent or greater standard 
error in estimates of a country’s forest carbon pool (Jonas et al. 1999, Nilsson 
et al. 2000, Balzter and Shvidenko 2000).
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Tradeoffs clearly exist between the frequency, transparency, accu-
racy, and cost of national inventories. With massive expenditures on 
fi eld-based sampling, it would be possible to develop highly accurate 
national carbon inventories. In contrast, low-cost inventories could 
be done through the processing of low-resolution satellite imagery 
using existing fi eld data. However, this low-cost option is unlikely to 
provide a level of accuracy that is acceptable to the policy community 
(Andersson et al. 2009). Applying a single measurement protocol in 
all countries would increase transparency, but given the tremendous 
variety of geographic, topographic, and ecological conditions among 
countries, this would likely entail prohibitively high costs.

An intermediate approach will be needed to achieve a reason-
able balance of cost, frequency, transparency, and accuracy. Because 
fi eld-based inventories are time-consuming and expensive, remote 
sensing would need to play a central role in the NI approach. Two 
basic methods can be used to link remote sensing to the assessment 
of biomass and carbon stocks. First, using the land-cover approach, 
raw images can be classifi ed into distinct land-cover categories whose 
biomass properties are well understood. If there is relatively little with-
in-category variation in biomass measures, this method can produce 
reasonable carbon assessments. An alternative, the forest variable 
approach, uses remote-sensing tools to directly measure stand-level 
variables such as species, leaf area index, and canopy height. These 
measurements are then used in allometric equations to estimate total 
carbon in the stand.

Many remote-sensing instruments can contribute data to the carbon 
inventory estimation process. Sensors fall under two main categories: 
active sensors and passive sensors. Passive sensors, including satellite-
based instruments such as the Landsat Thematic Mapper (TM) 
and the Moderate Resolution Imaging Spectroradiometer (MODIS), 
measure solar radiation refl ected from the Earth’s surface. Active 
sensors, including the Synthetic Aperture Radar (SAR) and Light 
Detection and Ranging (LIDAR) instruments, transmit  radiation that 
is refl ected from Earth’s surface and then measured. In general, the 
instruments with moderate resolution (e.g., Landsat TM) are well 
suited for land classifi cation, while those instruments with higher 
resolution and more specialized functions (e.g., LIDAR) are better 
adapted for measuring forest variable inputs for the allometric 
models.
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For all types of instruments, the data collected via remote sensing 
have to be correlated to the characteristics of sites sampled via 
fi eld measurements. Once these relationships are established, it 
becomes possible to infer land-use and forest characteristics based 
on the remote-sensing data alone. This places a premium on initially 
undertaking a high-quality inventory. Thereafter, remote-sensing 
techniques can be used to identify changes in the spatial extent and 
characteristics of forests relative to their initial state. In this regard, 
costs might be further reduced by concentrating resources on the 
forest areas that are changing most rapidly. Whatever measurement 
approach is adopted, certain technologies will favor some countries 
over others in terms of which stocks can be included and how 
accurately they can be measured. This could have distributional 
consequences that would shape negotiations over the adoption of 
measurement protocols.

Not all countries will have the fi nancial resources or institutional 
capacity to conduct regular and credible national inventories. This is 
especially true for developing countries, with Brazil and India being 
important exceptions (Skutsch et al. 2007). This suggests a role for an 
international organization, acting perhaps through the IPCC, in pro-
viding assistance to countries in developing their national inventories 
and documenting the results.19 This organization might also play a 
role in verifying inventories and in increasing transparency by serving 
as a clearinghouse for data and other information. Non-governmental 
organizations might also be funded to act as third-party auditors.

Domestic implementation

Under the NI approach, nations would have responsibility for devel-
oping domestic policies to increase carbon sequestration. A wide 
variety of land management practices will increase the stock of ter-
restrial carbon, including tree planting on non-forest lands (afforesta-
tion), avoiding deforestation, modifying forest management practices 
to increase carbon uptake, and fi re suppression and management. As 

19 Skutsch et al. (2007) indicate that the World Bank, among others, have indicated 
an interest in providing upfront fi nancing for national inventories. These authors 
also suggest that Annex I Parties, as the benefi ciaries of deforestation offsets, 
might provide funding for forest inventories and related domestic policies.
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noted above, however, some carbon stocks (e.g., carbon in  agricultural 
soils and wood products) would have to be excluded, at least initially, 
under NI due to the cost of measuring the entire national stock. One 
possible remedy is to allow countries to generate credits for selected 
projects that credibly provide additional and permanent carbon 
storage. An example might be a new use of wood products in the con-
struction of long-lived structures.

Countries have a range of policy instruments at their disposal 
to create incentives for carbon sequestration, including subsidies, 
contracts, and government production. In some tropical countries, 
carbon sequestration might be increased by removing policies that 
promote deforestation (Santilli and Moutinho 2005, Silva-Chavez 
2005). The success of domestic carbon sequestration policies will 
depend to a large degree on the soundness of a country’s governmen-
tal institutions. International aid organizations may have a role to 
play in helping countries strengthen property rights and by providing 
fi nancial assistance for domestic programs. Santilli and Moutinho 
(2005) note as an example the G7 Pilot Program for the Protection 
of the Brazilian Rainforests. As well, a mechanism exists under the 
UNFCCC for Annex I countries to provide fi nancial and technical 
assistance to developing countries (Morgan et al. 2005).

While the NI approach mitigates the problems of additionality, 
leakage, and permanence with respect to carbon accounting for 
the international treaty mechanism, these problems resurface when 
countries pursue domestic policies. For example, if a national govern-
ment provides subsidies for afforestation, it will be diffi cult to ensure 
that payments are given only for additional carbon sequestration. 
Likewise, there may be intra-country leakage associated with an affor-
estation program. Problems of this nature arise with many types of 
domestic policies.20 Although problems with additionality, leakage, 
and permanence may raise the costs borne by national governments, 
the NI approach helps to ensure that they do not undermine interna-
tional efforts to combat climate change.

Countries will gain valuable experience as they seek to imple-
ment domestic carbon sequestration policies. It will be important 
to have a mechanism for sharing this information among nations 

20 For example, see Wu (2000) for an analysis of leakage from the Conservation 
Reserve Program, a large-scale land conservation program in the United States.
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so that  policymakers can adapt and improve policies over time. 
National reporting requirements have already been established by the 
UNFCCC.

Input-based approaches

While the PBP and NI approaches described above are linked to the 
emissions allowance trading system, the international community 
could choose to adopt a system in which the forest carbon program 
and the emissions allowance system are not linked. This is exactly 
what the German Advisory Council on Global Change (Grassl et al. 
2003) advised when it recommended a “protocol for the conservation 
of carbon stocks.”

One such approach would be for countries to set goals for reduc-
ing emissions (Morgan et al. 2005) or to target other metrics of 
improvement such as reductions in deforestation, increases in forest 
acreage or biomass, a benefi cial change in management practices, 
or improvement in forest health. Rather than focusing primarily on 
carbon credits, the program would focus on inputs, such as policies 
to discourage deforestation, programs to encourage the conversion 
of marginal agricultural land to forests, projects to better manage 
under-stocked forests, and efforts to enhance technical capacity within 
forest-rich countries. The Global Initiative on Forests and Climate 
established by Australia21 employs this approach.

These commitments would be incorporated in the national plans 
required under the UNFCCC; they could be fi nanced through overseas 
development aid, international institutions such as the World Bank or 
through a separate fund established under the successor to the Kyoto 
Protocol.

There are also variations on this delinked approach. Grassl et al. 
(2003) describe a delinked approach that would involve a “world-wide 
system of non-utilization obligations.” Under this system, fi rst devel-
oped by Sedjo (1991), countries would accept obligations to protect 
either their own natural forest systems or pay for certifi cates from 
other countries that exceed their non-utilization or protection quotas.

The Carbon Finance Mechanism in the World Bank’s Forest Carbon 
Partnership Facility illustrates another variation. Under that system, 

21 www.ausaid.gov.au/hottopics/topic.cfm?ID=4755_6308_104_9400_7292
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“countries would receive payments for reducing emissions below a ref-
erence scenario. Payments would only be made to countries that achieve 
measurable and verifi able emissions reductions” (Myers 2007).

There are several advantages to a delinked forest carbon sequestra-
tion program. First, it would save on transaction costs (Andersson 
and Richards 2001). The focus would be on implementing policies, 
programs, and projects—at both the national and local levels—rather 
than on issues of measurement, enforcement, and crediting. This is 
not to say that estimation of carbon effects would not be important 
for program evaluation, but rather that implementation and policing 
would be simpler.

Second, if negotiations over international forest sequestration and 
energy emissions proceed on separate tracks, delays in one need not 
hold up the other. Whereas there is at least some experience and prec-
edent for the next round of negotiations on energy-related emissions, 
an agreement on targets and rules for the inclusion of carbon sinks 
would “have to start practically from scratch” (Grassl et al. 2003).

Third, separating the forest carbon program from carbon trading 
would ameliorate the problems associated with dealing with issues of 
liability for carbon losses due to fi re, pests, or natural disaster.

There are two particularly serious disadvantages to a delinked 
approach, however. First, a delinked approach that shifts the focus 
from accomplishments (outcomes) to encouraging policies, programs, 
and projects (inputs) dulls the incentives for the protection and expan-
sion of carbon stocks relative to either the NI or PBP approach. 
Participating countries may shift their attention from assuring positive 
carbon outcomes to attracting more dollars for more projects, regard-
less of effi cacy. Also, decoupling the forest carbon program from the 
cap-and-trade program removes one of the best sources of funding to 
promote changes in land use: emitters seeking lower-cost options to 
reduce their net emissions.

Conclusions

The Kyoto Protocol has not been fully effective, as demonstrated 
by continuing disagreements over what constitutes human-induced 
changes in carbon stocks; by the small number of approved CDM 
forestry projects; and by the lack of provisions to address tropical 
deforestation, the largest source of forest-based emissions. The Kyoto 
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Protocol establishes national-level accounting for Annex I countries 
with the stipulation that, to count toward Protocol commitments, all 
changes in carbon inventories must be human-induced. The CDM 
established for non-Annex I countries requires PBP accounting for 
afforestation and reforestation activities. The expiration of the Kyoto 
Protocol in 2012 invites a reexamination of how to address terrestrial 
carbon management within the framework of an international climate 
change treaty. This chapter has described three mechanisms to encour-
age reductions in net emissions of CO2 from the forest sector. A large 
number of general policy design issues arise when one contemplates 
mechanisms for including forests in an international climate change 
treaty. These include scale, linkage to allowance trading, and baseline 
measurement. Based on our discussion of these issues, we identify 
three basic policy approaches: (1) PBP accounting linked to the permit 
market, (2) national-level accounting linked to the permit market, and 
(3) an unlinked input-based approach.

Past experience with PBP accounting, which is the approach used 
under the CDM, reveals a number of serious challenges. Foremost 
among these is the diffi culty of establishing a reference case against 
which to measure project benefi ts, especially when the carbon stock 
is dynamic due to biological processes or human activity. In the 
absence of a credible reference case, it is impossible to know if carbon 
offsets are additional and, thus, deserving of compensation through 
the permit market. The additionality problem is compounded by 
problems of leakage (the off-site effects of projects), permanence (the 
potential for stored carbon to be released in the future), and a host 
of adverse selection problems. Our conclusion is that PBP accounting 
has fundamental fl aws and should not be a central component of the 
forestry mechanisms adopted in a post-2012 agreement.

We fi nd linked national-level accounting to be a much more prom-
ising approach. Under the NI approach, nations conduct periodic 
inventories of their entire forest carbon stock. The measured stock is 
compared to a negotiated baseline to determine the quantity of offset 
credits that can be redeemed, or debits that must be covered, in the 
permit market. With the NI approach, it is the nation, rather than 
the project developer, who pursues carbon sequestration activities 
through the development of domestic policies. To circumvent the diffi -
cult task of forecasting future stocks in an unobservable reference case, 
we favor a negotiation process to determine the reference case stock. 
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These negotiations could be used to address fairness and equity issues 
as well as to provide incentives for countries—especially countries 
with historically declining stocks—to participate in the agreement.

The NI approach offers many advantages relative to the primary 
objective of achieving real, global reductions in GHG emissions. It 
greatly reduces the problems of additionality, leakage, permanence, 
and adverse selection that plague the PBP approach and the CDM. It 
also provides comprehensive coverage of all forest carbon stocks and 
accounts for all changes in these stocks, whether they have human or 
natural causes. Unlike the forestry provisions of the Kyoto Protocol, 
the NI approach can be implemented as a seamless program that 
applies equally to all participating countries and to all measurable 
changes in forest carbon stocks.

National-level accounting is also included in a number of recent 
proposals for compensating reductions in tropical deforestation. 
While the CR proposals contain some of the attractive features of the 
NI approach, they also have shortcomings. First, they are essentially 
an appendage to the Kyoto Protocol; thus, while they bring tropical 
deforestation under the Framework Convention, they leave in place 
other problematic features like the CDM. Second, these proposals 
emphasize reference cases based on historical trends in forest area, 
giving rise to an adverse selection problem whereby countries with 
declining forest area refuse to participate. The various schemes pro-
posed to address this problem all dilute the incentives for carbon 
capture. Under the NI approach, participation is induced through a 
separate wealth-transfer mechanism (e.g., a lower negotiated reference 
case stock) while appropriate marginal incentives for reducing defor-
estation are retained. In the literature on CR, some authors express 
concern that excessive offsets for avoided deforestation will create 
“tropical hot air,” thereby leading to artifi cial reductions in permit 
prices. In our view, it is appropriate to create additional offsets to 
induce participation, provided that reductions are made elsewhere to 
maintain the overall emissions reduction goal.

The NI approach also has disadvantages that need to be acknowl-
edged. First, because of the need to conduct national inventories, the 
scope of carbon sequestration activities is limited to those that can be 
measured with relative ease. Even so, nothing prevents the development 
of an alternative mechanism to provide incentives for activities that are 
excluded from the NI program. Second, incentives for carbon seques-
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tration activities must arise from domestic policies initiated by national 
government rather than from private project  developers, a relative dis-
advantage in countries with weak institutions, corruption, and a domes-
tic policy-making process captured by special interest groups. On the 
other hand, the NI approach gives national governments a great deal 
of fl exibility in developing policies that are tailored to specifi c domestic 
conditions and that satisfy other domestic objectives besides climate 
change. It will be important to establish a reporting mechanism so that 
information on policy experiences can be shared among nations. Third, 
problems with additionality, permanence, etc. may resurface with—
and reduce the effectiveness of—domestic carbon sequestration policies 
pursued by national governments, though this does not compromise 
the performance of the international treaty. Finally, while we favor 
negotiated forest carbon baselines and targets, we recognize that the 
negotiation process can fail for a number of reasons, including unequal 
bargaining power among nations. Nevertheless, our assessment is that 
the alternatives, such as these that require the development of historical 
baselines, give rise to an even more diffi cult set of problems.

The feasibility of the NI approach hinges on whether it is possible 
to conduct regular and reliable national forest inventories for a large 
group of countries. We have briefl y reviewed some of the important 
technical issues, but this is clearly an area that requires further inquiry.22 
An appropriate balance would need to be found between costs, 
 frequency, transparency, and accuracy. Inventories will need to be accu-
rate because small errors in national inventories could generate large 
numbers of offsets, potentially swamping the permit market. If current 
measurement technologies are inadequate, then we would recommend 
that an input-based approach be used as an interim measure while the 
scientifi c community works to overcome the measurement challenges.
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Introduction

According to the latest report of the Intergovernmental Panel on 
Climate Change (IPCC) there is unequivocal evidence that the climate 
system is warming, which is expected to affect both ecosystems and 
socio-economic systems to varying degrees (IPCC, 2007). Changes in 
atmospheric concentrations of greenhouse gases (GHGs) are deemed 
responsible for the observed increase in average global temperature, 
which has risen by 0.76°C since 1850—mostly in the last fi fty years. The 
IPCC also points to widespread agreement in the scientifi c  community 
that such changes in the climate system may be spurred by global GHG 
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emissions from human activities, which increased by 70 percent between 
1970 and 2004. If emissions continue unabated, the Earth’s average 
global surface temperature is likely to rise by a further 1.8°C �4.0°C 
this century (IPCC, 2007). A temperature increase between 2°C and 
3°C is thought to be a threshold beyond which irreversible and possibly 
catastrophic changes in the climate system may take place.

After many decades of debate, climate change has now become a 
central topic in the policy agenda of all industrialized nations, and is 
becoming increasingly critical for developing countries as well. Policies 
and actions to control climate change have already been implemented 
around the globe—from the European commitment to cut GHG emis-
sions at least 20 percent by 2020, to international and local adapta-
tion strategies, such as the effort led by the Organisation for Economic 
Co-operation and Development (OECD) for mainstreaming adapta-
tion in Offi cial Development Assistance.

It is clear, however, that a global, coordinated effort is needed to 
keep temperature change below dangerous levels, as illustrated by  
Figure 23.1. While it is true that industrial emissions from fossil fuels 
have been and continue to be mostly attributable to industrialized 
nations, it is also true that soon non-Annex I countries will overtake 
Annex I countries in terms of their total carbon dioxide (CO2) emis-
sions (top panel). At the same time, per capita emission levels will 
remain much lower in developing countries, given differences in popu-
lation growth and initial lifestyles (bottom panel).

The implication of such emission projections is therefore twofold: on 
the one hand, global action is needed; at the same time, such action is 
likely to entail differentiated targets and levels of effort. Negotiations 
are already underway to defi ne a climate control agreement for the post-
Kyoto world, and a number of proposals have appeared in both the 
academic and policy literature (see, for instance, IEA 2002, Aldy and 
Stavins 2007, Stern 2008). To date, however, there has been no attempt 
to compare and contrast different architectures for an international 
agreement on climate policy using a common framework. Such an exer-
cise would enable a better understanding of the implications of different 
designs and make more transparent the trade-offs that exist between 
different criteria deemed important for international agreements.

Therefore, the main objective of this chapter is to provide a quan-
titative comparison of the main architectures for an international 
climate agreement that have been put forward in the literature. 
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Proposals are assessed using WITCH1—an energy-economy-climate 
model—and compared according to four criteria: economic effi ciency; 
environmental effectiveness; distributional implications; and political 
 acceptability, as measured in terms of feasibility and enforceability. 

1 www.feem-web.it/witch
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Figure 23.1. Projected fossil-fuel CO2 emissions from the WITCH model in 
the business-as-usual scenario



The ultimate aim is to derive useful policy implications that could 
provide insights for designing the next agreement on climate change.2

The chapter is organized as follows. We begin in the next section by 
briefl y describing the underlying model and then present, in the next 
section, the features that characterize the architectures for agreement 
being examined. The main (fourth) section of the chapter compares 
and contrasts eight different architectures, according to the four cri-
teria noted above. The fi nal section of the chapter summarizes key 
lessons and policy implications.

A tool to compare architectures for agreement: 
the WITCH model

WITCH (Bosetti, Carraro et al. 2006) is a climate-energy-economy 
model designed to assist in the study of the socio-economic dimen-
sions of climate change. It is structured to provide information on 
the optimal responses of world economies to climate damages and to 
identify impacts of climate policy on global and regional economic 
systems. An appendix provides a short introduction to the model. A 
thorough description and a list of related papers and applications are 
available at www.feem-web.it/witch.

WITCH is a hybrid model because it combines features of both top-
down and bottom-up modeling: the top-down component consists 
of an intertemporal optimal growth model in which the energy input 
of the aggregate production function has been expanded to yield a 
bottom-up description of the energy sector. The model provides a fully 
intertemporal allocation of investments in energy technologies and 
R&D that is used to evaluate optimal and second-best economic and 
technological responses to different policy measures.

Countries are grouped in twelve regions that cover the world, and 
strategic interactions between those regions are modeled through a 
dynamic game. The game theory set-up accounts for  interdependencies 
and spillovers across regions of the world, while equilibrium strategies 

2 The analysis presented in this chapter originates within the context of the 
Harvard Project on International Climate Agreements (http://belfercenter.ksg.
harvard.edu/project/56/harvard_project_on_international_climate_agreements.
html) which aims at identifying the key features to design scientifi cally sound, 
economically effi cient and politically feasible post-2012 international policy 
architectures for global climate change.
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refl ect ineffi ciencies induced by global strategic interactions. This 
allows us to analyze both fully cooperative equilibria (all regions of 
the world sign a climate agreement) and partial/regional coalitional 
equilibria (only a subgroup of regions signs the agreement or different 
groups of regions sign different agreements).

In WITCH, technological progress in the energy sector is endogenous, 
thus enabling us to account for the effects of different stabilization policies 
on induced technical change, via both innovation and diffusion processes. 
The role of endogenous technical change has been shown to be very 
important in model analyses of climate policies. We do not tackle this 
issue in this chapter because of space constraints and because our aim is 
to compare different policies. The interested reader is referred to a recent 
OECD working paper (Bosetti, Carraro et al. 2009) for a more exhaustive 
analysis of the role of technical change for climate policy featuring the 
WITCH model. Feedbacks from economic variables to climate variables, 
and vice versa, are also accounted for in the model’s dynamic system.3

Several features of the model allow us to investigate a number of 
issues in greater detail than most of the studies in the existing lit-
erature. First, though quite rich in its energy modeling and close in 
spirit to bottom-up energy models, WITCH is based on a top-down 
framework that guarantees the coherent, fully intertemporal alloca-
tion of investments under the assumption of perfect foresight. Second, 
the model can track all actions that have an impact on the level of 
 mitigation—R&D expenditures, investment in carbon-free technolo-
gies, purchases of emission permits, or expenditures for carbon taxes—
and we can thus evaluate equilibrium responses stimulated by different 
policy tools. This leads to a transparent evaluation of abatement costs 
and to a clearer quantifi cation of the uncertainties affecting them.

Diffusion and innovation processes are modeled to capture advance-
ments in carbon mitigation technologies, through both learning-by-
doing and research. The model also explicitly includes the effects of 
international technology spillovers and captures innovation market 
failures. The detailed representation of endogenous technical change 
and the explicit inclusion of spillovers in technologies and knowledge 

3 The model is solved numerically in GAMS/CONOPT for thirty fi ve-year 
periods, although only twenty are retained as we do not impose terminal condi-
tions. Solution time for the Baseline Scenario is approximately thirty minutes on 
a standard Pentium PC.



are crucial to understanding and assessing the impact of policy archi-
tectures that combine climate and R&D policies.

Architectures for agreement

We explore eight policy architectures, which have been discussed in 
the literature or have been proposed as potential successors to the 
Kyoto agreement. These architectures are inspired by the propos-
als put forward by the Harvard Project on International Climate 
Agreements.4 All of them are assessed against a scenario without 
climate policy (business as usual or BAU). Table 23.1 summarizes the 
key distinguishing features of the architectures that we compare and 
contrast in this chapter.

In Table 23.1, we emphasize two main features of any policy archi-
tecture that have important implications for its cost and feasibility, 
namely scope and timing. Universal agreements involve all regions, while 
partial agreements only require cooperation among a subset of regions. 
Agreements may require immediate efforts from participating countries, 
or they may take into account differential abilities to undertake abate-
ment and, therefore, involve incremental participation, where some 
regions—usually transition economies and developing countries—are 
allowed to enter the agreement at a later point in time, when they satisfy 
some pre-defi ned criteria. A further distinction across architectures is the 
type of policy instrument involved: most schemes use a cap-and-trade 
approach, but carbon taxes and R&D policies are also considered.

Two key aspects of the architectures considered in this chapter should 
be pointed out at this stage in order to make the results of our analysis 
clear. First, all proposed architectures focus on CO2 mitigation only, 
excluding other GHGs. Although it is widely recognized that including 
other GHGs would improve the effi ciency of any climate agreement, 
most of the proposals investigated in the present context intention-
ally concentrate only on CO2 emissions in order to keep the analysis 
as simple as possible. Therefore, we assume (consistent with all the 
architectures analyzed here) an exogenous path for all GHGs other 
than CO2. Secondly, as issues of emissions leakage and incentives for 
free riding are likely to be substantial for less than a global agreement, 

4 Most architectures considered in this chapter are carefully described in Aldy 
and Stavins 2007 and Aldy, Stavins et al., 2007.
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all the proposed architectures envisage all countries committing—at a 
minimum—to not exceeding their projected emissions under the BAU 
scenario. This may seem restrictive, but it is less so if we consider that 
regions do benefi t from committing to the BAU, since they then have 
the option of participating in the market for carbon permits, undertak-
ing cheap abatement measures, and receiving fi nancial resources for 
doing so.

We begin by providing a short description of each climate policy 
proposal.

Cap-and-Trade (CAT) policy with redistribution

In this benchmark scenario, a standard cap-and-trade policy is imple-
mented, there is a global carbon market, and complete and  immediate 

Table 23.1 Architectures for agreement

Name Key feature
Policy 
Instrument Scope Timing

Cap and Trade 
(CAT) with 
redistribution

Benchmark 
cap and trade

Cap and 
Trade

Universal Immediate

Global Carbon 
Tax

Global tax 
recycled 
domestically

Carbon Tax Universal Immediate

REDD Inclusion of 
REDD

Cap and 
Trade

Universal Immediate

Climate Clubs Clubs of 
countries

Cap and 
Trade and 
R&D

Partial Incremental

Burden 
Sharing

Delayed 
participation 
of DCs

Cap and 
Trade

Universal Incremental

Graduation Bottom up 
targets

Cap and 
Trade

Partial Incremental

Dynamic 
Targets

Political 
feasibility

Cap and 
Trade

Universal Incremental

R&D 
Coalition

R&D 
cooperation

R&D Universal Immediate



cooperation exists among regions as they seek to attain a climate 
stabilization goal. The goal is to stabilize atmospheric concentrations 
of CO2 at 450 parts per million (ppm) by 2100, which equals roughly 
550 ppm CO2-equivalent, taking into account all GHGs.

As shown above, today’s average per capita emissions vary substan-
tially across countries. In the United States, for instance, emissions are 
around 5.5 metric tons carbon (tC) per capita, compared to 0.06 tC per 
capita in sub-Saharan Africa and 1.3 tC per capita in China. It is often 
argued that a fair long-term agreement for tackling climate change would 
require a move from the common practice of allocating allowances on the 
basis of historical emissions towards the adoption of an equal per capita 
rule, based on the Rawlsian principle of equal entitlement to pollute. 
Thus, permits in this scheme are distributed according to an equal per 
capita rule (EPC). It should be noted that, because the modeling analysis 
assumes a perfect global carbon market, marginal abatement costs are 
equalized and the allocation scheme has a negligible effect on global vari-
ables. It does however have important distributional implications as it 
implies signifi cant wealth transfers through the global carbon market.

Global tax recycled domestically

The second architecture we analyze does not envisage an explicit emis-
sion target, but exogenously sets a global carbon tax consistent with a 
CO2 emission path leading to stabilization at an atmospheric concen-
tration of 450 ppm. While this approach requires global cooperation 
in deciding upon the path of the carbon tax and its implementation, 
it is autarchic in the sense that there is no global market for emission 
trading: rather, the revenues from the tax are recycled domestically in 
the national budgets of countries that impose the tax.

The assumed carbon tax starts at around $3 per ton of CO2, but 
rises rapidly to provide incentives for substantial emission reductions: 
in 2050, the tax reaches $500 per ton of CO2, and it increases to 
over $1000 per ton by the end of the century. In a very broad sense, 
this architecture is inspired by the work of McKibbin and Wilcoxen 
(2007), who emphasize the absence of international carbon trading as 
one of the key features of their proposed policy architecture.5

5 A large increase in the carbon tax rate over time is necessary to induce the short-
run investments required to reduce GHG emissions in the long run. This may 
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Reducing Emissions from Deforestation and Degradation 
(REDD)

One proposal is to allow tropical forest countries to set aside forest 
land that would otherwise be cleared in exchange for payment from 
industrialized countries looking to reduce their carbon emissions 
in order to meet targets set under international agreements like 
the Kyoto Protocol. According to Ebeling (2006), the inclusion of 
REDD in a climate agreement would signifi cantly lower the costs of 
meeting a given environmental target. Similar proposals to include 
the Clean Development Mechanism (CDM) and other programs to 
avoid deforestation in international climate agreements have been 
put forward by Plantinga and Richards (see, e.g., Plantinga and 
Richards 2008).

This architecture for agreement entails essentially the same instru-
ments as the cap-and-trade-with-redistribution proposal discussed 
previously. However, it also includes avoided deforestation as a 
potential mitigation option, with CO2 abatement from avoided 
deforestation in the Amazon forest included in the global permit 
market.

Although the Bali Action Plan explicitly addresses the need for 
“policy approaches and positive incentives on issues relating to 
reducing emissions from deforestation and forest degradation in 
developing countries,” there are still many unresolved issues, ranging 
from the defi nition of forestry to the issue of additionality and 
the defi nition of baselines. For this reason we make here the very 
conservative assumption that only Brazil is allowed to get credits 
for avoided emissions from deforestation. Indeed, Brazil is the only 
country that already has a monitoring and enforcement system in 
place.

Results on the economic effi ciency of including REDD would be 
strengthened if the crediting system were open to other countries, 
such as the Democratic Republic of Congo or Papua New Guinea, 
although time would be needed to have a crediting system in place in 
those countries.

raise an issue of time inconsistency for this policy architecture (as well as for 
all architectures based on cap and trade) as noted by Montgomery and Smith 
(2005). However, the implicit assumption here is that reputation effects are 
strong enough to get rid of policy time inconsistency.



Specifi c abatement costs6 for the avoided-deforestation mitigation 
option were considered, with the opportunity costs of developing 
forested land under alternative land uses as a proxy.

Climate clubs

This architecture for an international agreement is inspired by the 
proposal put forward by Victor (2007). Differentiated effort is 
expected from different regions of the world, depending on their 
ability to abate. A group of virtuous regions—“the climate club”7—
agrees to abide by their Kyoto target, reducing GHG emissions by 70 
percent below their emission levels in the 1990s by the year 2050. 
Their effort is to some degree compensated by joint cooperation in 
technology development, which increases the knowledge spillovers 
generated by energy effi ciency improvements and R&D efforts to 
develop new, carbon-free technologies across regions that belong to 
the climate club.

Fast-growing countries or regions—like China, India, Latin America, 
the transition economies, and the Middle East—are also part of the 
global deal, but their effort is gradual. These countries face increas-
ingly stringent targets8 to reduce their CO2 emissions below what they 
would emit in a BAU scenario. In the second half of the century, fast-
growing countries agree to increase their abatement effort to converge 
towards the effort of the climate club. The rest of the world does not 
have any binding target.9

6 Data on REDD supply curves comprise estimates of the opportunity costs of 
reducing deforestation emissions in the Brazilian Amazon only and are based 
on data from the Woods Hole Research Center (Nepstad et al. 2007). Supply 
estimates from the tropical Asian region will also be included once available.

7 The members of the Climate Club are the United States, Europe, Canada, Japan, 
New Zealand, Australia, South Korea, and South Africa.

8 The target is to reduce industrial CO2 emissions by 5 percent with respect to 
BAU by 2020, by 10 percent with respect to BAU by 2030, by 20 percent with 
respect to BAU by 2040, and by 30 percent with respect to BAU by 2050.

9 Different versions of the climate club architecture were simulated to test sen-
sitivity to a number of parameters—including the defi nition of the club (e.g., 
having the Middle East within the Rest of the World group), assumptions 
about global emission trading, and the defi nition of enhanced spillovers within 
the climate club—and to measure the penalty imposed by the club structure as 
opposed to an agreement characterized by full and immediate participation.
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There is a global market for carbon permits, in which all regions 
may participate. Regions that do not have an explicit emission 
r eduction target must commit to not exceeding their BAU emissions 
level in order to participate in the carbon market: this expedient 
encourages abatement from non-signatories, and thus reduces the 
incentive to free ride.

Burden sharing

A key feature of this post-Kyoto architecture is the delayed participation 
of non-Annex I countries. While the group of Annex I countries commit 
to undertake abatement efforts immediately, with the burden shared on 
an equal per capita basis, non-Annex I countries are initially required to 
commit to not emitting more than their projected emissions under the 
BAU scenario, in order to avoid incentives for free riding and carbon 
leakage. Indeed, although non-Annex I countries already have higher 
total emissions than Annex I countries, differences in per capita terms 
are still very signifi cant: per capita emissions in developing non-Annex 
I countries are still very low and may justify a delay in these countries’ 
participation in a global agreement to control climate change.

After an initial phase in which only Annex I countries cooperate to 
control CO2 emissions, binding abatement targets are extended to the 
whole world in 2040, except for sub-Saharan Africa where the level of 
development remains well below the world average.

This architecture is inspired by the policy proposal developed by 
Keeler (see, for instance, Keeler and Thompson 2008) and by results 
in Bosetti, Carraro, and Tavoni (2008).

Graduation

Inspired by Michaelowa’s proposal (Michaelowa 2007), this policy 
architecture entails differentiated efforts among signatory countries, 
with differentiation based on the satisfaction of bottom-up graduation 
criteria and with the ultimate objective of stabilizing atmospheric CO2 
concentrations at 450 ppm.

The idea of bottom-up targets is that they can account for regions’ 
differing abilities to undertake abatement efforts and their differing 
contributions to the climate change problem. Graduation to binding 



targets is based on the satisfaction of two criteria based on per capita 
income and emissions relative to the world average.10

Annex I countries do not graduate, but rather enhance their abatement 
effort in order to compensate for the emissions of non-Annex I countries 
and ensure the achievement of the 450 ppm stabilization target.

Dynamic targets

This policy architecture is notable for being deeply rooted in political 
reality and in statements made by political leaders. Inspired by the 
proposal developed in Frankel 2007, bottom-up targets are based on 
progressive cut factors—initially applied to a 1990 baseline for the 
fi rst period, and subsequently applied to projected emissions under the 
BAU scenario, corrected by a Lieberman-Lee “latecomer catch-up” 
factor for countries that have not yet ratifi ed Kyoto.

Progressive cut factors take into account historic emissions rela-
tive to the emissions of the European Union in 1990, current and 
projected emissions in the BAU scenario, income per capita relative to 
the EU average, and population. The target-setting rule thus explicitly 
accounts for the fact that emissions from developing countries will 
soon overtake those of industrialized countries on an absolute—
though not necessarily on a per capita—basis.

Targets are defi ned for all regions, with the world divided into three 
broad groups. The fi rst group of early movers includes Europe, the 
United States, Canada, Japan, New Zealand, Australia, South Korea, 
and South Africa and takes action from 2010 to 2015 and from 2015 
to 2025. The second group, late comers, includes China and Latin 
America—which face binding emission reduction targets starting in 

10 The fi rst graduation step is reached when the average of the two criteria is sat-
isfi ed, that is, emissions per capita match average world per capita emissions, 
and income per capita increases to $5,000 (2005 value). When countries reach 
the fi rst graduation level, their abatement target is equivalent to a 5 percent 
reduction with respect to 2005 emissions. The second graduation period is 
reached when emissions per capita are 1.5 times the world average and income 
per capita is $10,000. This second step entails a reduction in emissions of 10 
percent with respect to 2005 levels. The only exception is China, which reduces 
emissions gradually, starting from 2050, in order to cut its emissions 50 percent 
below its 2005 baseline. Sub-Saharan Africa never graduates, and therefore 
faces no binding targets. This region does, however, commit to keeping emis-
sions at or below BAU levels, in order to be able to participate in the carbon 
market.
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2035—and India, which faces binding targets starting from 2050. 
The third group includes all other regions; it faces no binding targets 
but agrees not to exceed BAU emissions and can thus take part in the 
international market for carbon permits. Sub-Saharan Africa does not 
face any emission target until 2030, after which it enters the market 
for carbon permits by committing not to exceed its BAU emissions.

R&D and technology development

This last policy architecture is very different in nature from the previous 
ones because it does not entail any emission reduction target. Inspired 
by the proposal developed in Barrett 2007, its main concern is to ensure 
the acceptability of the global agreement. It therefore focuses on R&D 
policies only, because they are characterized by a different incentive 
structure—that is, they provide a club good rather than a public good.

In this architecture for a global deal, all regions of the world agree 
to contribute a fi xed percentage of their gross domestic product 
(GDP) to establish an international fund to foster the advancement 
of climate-related technologies. The share of GDP devoted to tech-
nology improvements is roughly equal to double the level of public 
expenditures on energy R&D in the 1980s, which amounts to about 
0.2 percent of regional GDP (see Bosetti, Carraro et al. 2007a for an 
analysis of optimal energy R&D investment strategies).

The fi nancial resources of the fund are redistributed to all regions 
on an equal per capita basis, and they are equally split to foster the 
deployment of two key categories of low-carbon technology—(1)  wind 
and solar energy and (2) carbon capture and sequestration—and to 
promote innovation in a breakthrough zero-carbon technology for 
the non-electric sector. The subsidy to new technologies lowers their 
costs, favors their deployment, and leads to emission reductions as a 
by-product of transitioning to a lower-carbon technology mix.

Assessing architectures for agreement

Climate effectiveness

The fi rst and most important objective of a climate treaty, most would 
argue, is its environmental effectiveness—that is, the degree to which 
the problems associated with climatic change are addressed.



Figure 23.2 shows the path of industrial CO2 emissions implied by 
the eight architectures for agreement described briefl y above and by 
the BAU scenario. In the BAU scenario, global atmospheric carbon 
emissions are projected to continue increasing from the current level 
of slightly less than 8 gigatonnes (or billion metric tons) carbon (GtC) 
to over 22 GtC by 2100. The more stringent architectures lead to a 
stabilization of emissions at well below 5 GtC by the middle of the 
century. These more stringent architectures all assume global par-
ticipation using different policy instruments to implement reductions: 
cap and trade, with and without avoided deforestation, and a global 
carbon tax. These three architectures are characterized by an explicit, 
top-down target for stabilizing atmospheric CO2 concentrations, 
which is set at 450ppm. Interestingly, one of the architectures based 
on bottom-up targets—the graduation architecture—also leads to the 
stabilization of CO2 concentrations at 450 ppm.

A second set of architectures which rely on either universal partici-
pation with incremental, rather than immediate, effort, or on partial 
participation, achieve the same level of emissions at the end of the 
century, but through a different transition path. These architectures 
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Figure 23.2. Global energy CO2 emissions paths
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are Dynamic Targets and Climate Club with late comers. Their 
 emissions paths are less smooth than those for reducing emissions 
from deforestation and degradation (REDD) or cap and trade (CAT), 
refl ecting the different dates at which regions start to face binding 
constraints. Consequently, these two architectures would achieve a 
less stringent stabilization target: atmospheric CO2 concentrations 
stabilize at about 550 ppm rather than around 450 ppm.

Finally, the architecture that envisions a global coalition cooperating 
on energy R&D does not achieve the stabilization of CO2 emissions—
and consequently of atmospheric concentrations —even though emis-
sions are lower than for BAU. Over the century, cumulative emissions 
are only 17 percent lower than in the BAU trajectory, as opposed to 
an average of 62 percent lower for the other policy architectures. Let 
us recall, however, that the crucial feature of this policy architecture 
is its focus on providing adequate incentives for cooperation; it is not 
designed to achieve a given stabilization target with high costs and 
limited incentives.

Figure 23.3 shows the expected temperature increase above pre-
industrial levels as a result of the different architectures in 2100.11 
Even though the magnitude of the increase implied by each of the 

11 We used the MAGICC model to relate emissions and concentrations to 
 temperature changes.
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 proposed  architectures is to be taken as a rough estimate, given the 
many scientifi c uncertainties involved in projecting climate impacts, 
this comparison provides a relative ranking of the proposals with 
respect to their effectiveness in mitigating global temperature change.

In the BAU scenario, where no international policy to curb CO2 
emissions is implemented, temperature change is expected to reach 3.7 
degrees Celsius (°C) above pre-industrial levels in 2100. When coop-
eration on low-carbon technologies and zero-carbon breakthrough 
innovation is pursued in the absence of any emission reduction targets, 
the expected temperature increase is only slightly lower, at 3.5°C. The 
more environmentally aggressive policy architectures yield a tempera-
ture change of around 2.7°C, whereas intermediate efforts lead to a 
temperature increase of around 3°C.

It is thus clear that none of the policy architectures analyzed in this 
chapter are able to keep global average temperature change below the 
2°C threshold advocated by more proactive parties like the European 
Union.12 On the other hand, stabilizing emissions below 5 GtC keeps 
temperature change below 3°C, the less stringent upper limit often 
called for by the United States (Newell and Hall 2007). However, we 
must recognize that some proposals (e.g., dynamic targets or climate 
clubs) do not explicitly refer to a single stabilization target and could 
be modifi ed to account for more ambitious stabilization scenarios (i.e., 
scenarios that aim to achieve the 2°C target with a higher degree of 
probability).

In order to check whether different proposals entail different paths 
of temperature change, we also consider the rate of temperature 
change over the century. Even though it is diffi cult to know what 
path of temperature change is best, given our ignorance about the 
existence of potential threshold effects, it is reasonable to think that 
more gradual temperature changes will entail lower costs—if not 
economic, then at least environmental, as more gradual changes 
imply more time for ecosystems to adapt. To that end, in addition 
to quantifying the total temperature increase expected by the end 
of the century under different scenarios, we also count the number 
of fi ve-year periods for which the predicted temperature increase is 

12 One should keep in mind that the carbon signal that would be generated by 
such policies would imply signifi cant abatement in other GHGs as well, if they 
were to be included in the policy agreement. This would reduce the expected 
increase in global average temperature by roughly an additional 0.2°C.
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greater than 0.1°C with respect to the previous fi ve-year period, as 
shown in Table 23.2. The effect of the different policy architectures 
on the rate of temperature change is very similar to their overall effect 
on temperature—that is, more stringent architectures result in fewer 
periods with a predicted temperature change greater than 0.1°C over 
the previous period. Similarly, the least stringent architecture, R&D 
Coalition with no explicit emission target, produces results similar to 
the BAU scenario.

Economic effi ciency

Different emissions paths resulting from the eight policy architectures 
imply different streams of costs. We therefore adopt a simple criterion 
for comparing the cost implications of the post-Kyoto proposals: we 
compute the difference in gross world product (GWP) under each one 
of the proposed policies in comparison to the BAU scenario.13 This 
global indicator is defi ned as the discounted sum of GDP losses over 
the next century, aggregated across world regions and subject to a 
5 percent discount rate (a rate which is close to the average market 
interest rate). To avoid the debate on the appropriate assessment 
of damages (e.g., whether the focus should be on gross costs or on 
costs net of adaptation and related costs), we consider here the pure 
cost of climate policy without taking into account the benefi ts from 
avoided climate damage, which are separately measured through the 

13 Although it is widely recognized that policy costs depend crucially on basic 
assumptions behind the BAU scenario (which in turn drive estimates of BAU 
emissions and GDP), in the present analysis the relative cost of different archi-
tectures is what we are mostly interested in. Therefore, we do not perform a 
sensitivity analysis of the impact of different baseline assumptions.

Table 23.2 Number of times that fi ve-year temperature change
is greater than 0.1°C

BAU

CAT 
with 
redistri-
bution

Climate 
Clubs REDD

Burden 
Sharing

Gradua-
tion

Global 
Carbon 
Tax

Dynamic 
Targets

R&D 
Coalition

19 12 14 12 12 12 12 14 19



 environmental effectiveness indicator. Policymakers can aggregate 
GWP losses with temperature increases ex post and compute the 
ranking using the range of weights they believe should be applied to 
both metrics.

While temperature change varies less across the eight architec-
tures considered for this analysis because of the inertia in the climate 
system, the economic costs of the different set-ups vary considerably. 
Figure 23.4 shows that more stringent policy architectures imply a 
higher GWP loss. Stabilizing atmospheric CO2 concentrations at 450 
ppm would cost between 1.2 percent and 1.49 percent of GWP. The 
most costly architecture would be the autarchic global tax imple-
mented domestically, and the least costly would be the global cap 
and trade with emission reduction from avoided deforestation as an 
option (REDD). The inclusion of avoided deforestation as a mitiga-
tion option reduces the costs of meeting the environmental target from 
1.49 percent of GWP to slightly above 1.2 percent.

Climate clubs and dynamic targets—which stabilize CO2 concentra-
tions at about 490 ppm and 500 ppm respectively—entail moderate 
costs: around 0.32 percent and 0.24 percent of GWP respectively.

Finally, the R&D Coalition is the only architecture that leads to 
gains at the global level of about 0.37 percent of GWP. These gains 
are explained by the positive effects of R&D cooperation that reduces 
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free-riding incentives on knowledge production.14 By  internalizing 
international and intertemporal knowledge spillovers, the R&D 
Coalition policy architecture leads to higher levels of GWP after an 
initial period of net losses due to the increased investments in R&D 
(see Figure 23.5 on the temporal distribution of policy costs).

When we look at the temporal distribution of costs associated with 
the different architectures (see Figure 23.5) we see that the stringent 
architectures that require universal and immediate action imply an 
immediate loss of GWP, rising up to 4 percent by the middle of the 
century. Gradual effort implies, on the other hand, less costly inter-
vention at the beginning of the century. Also, the progressive inclu-
sion in the agreement (and in the international carbon market) of 
some non-Annex I countries alleviates the global burden. Only the 
global coalition based on R&D cooperation leads to gains starting in 

14 See Bosetti, Carraro et al. 2007b for a detailed analysis of knowledge 
 spillovers.
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2040—though it too implies short-term costs due to the diversion of 
resources to replenish the global R&D fund.

Equity and distributional impacts

The distribution of costs and benefi ts from climate change and climate-
change policy is of paramount importance in determining both the 
feasibility and desirability of a specifi c architecture for agreement. The 
analysis of how GDP changes over time for different world regions 
in the different scenarios may offer some indications as to what the 
distributional implications of climate policies are and can serve to 
highlight winners and losers under each scenario. This information is 
likely to be important for policymakers and negotiators.

Several criteria have been proposed in the literature for measuring 
the equity and distributional implications of climate change agree-
ments (see, e.g., Goulder 2000). Examples of such criteria include 
responsibility for the problem, ability to pay, or distribution of the 
benefi ts from controlling climate change. While the fi rst two criteria 
would seem to indicate that industrialized countries should bear most 
of the burden of controlling climate change, the last criterion would 
imply that developing countries—who would be the largest benefi ciar-
ies from controlling climate change—should bear a relatively higher 
share of the burden (Aldy, Barrett et al. 2003).

In principle, the best way to address equity and distributional issues 
in the context of climate change would be to undertake a full cost-
benefi t analysis, assuming cooperation among countries and changing 
the set of weights used to aggregate different countries to account for 
equity concerns. The main diffi culty in applying this approach stems 
from the fact that damage functions are still far from being well-de-
fi ned, particularly at the regional level. In addition, adaptation policies 
and their trade-offs with mitigation policies would become a crucial 
component of the analysis.

For the purpose of our assessment, we abstract from the current 
debate and use a compact measure of distributional equity to char-
acterize the eight policy architectures and the BAU scenario. We 
compute the Gini Index for GDP in 2100 to show the concentration 
of income in different regions of the world and measure inequality in 
income distribution (the lower the value of the Gini index, the more 
equal the distribution of income).
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In all scenarios, there is an improvement in the distribution of 
income across the world’s regions with respect to the current situa-
tion. However, Table 23.3 also reveals some differences: three policy 
architectures emerge as being more egalitarian, since they distribute 
the effort in a fair way according to per capita income and average 
per capita emissions. These are the Dynamic Targets approach, which 
uses historical emissions and projected BAU emissions to determine 
regional efforts, and the Climate Clubs and Graduation approaches.

By comparing the two global architectures with a stabilization 
target, immediate participation, and implementation through a cap-
and-trade system—with redistribution in one case and with REDD in 
the other case—we can observe that including avoided deforestation 
among the mitigation options leads to an improvement in the distri-
bution of income across regions. This refl ects the fact that avoided 
deforestation is mostly an option in developing and tropical countries. 
Finally, notice that the Carbon Tax policy is an intermediate one in 
terms of distributional effects.

Enforceability and feasibility

In the context of international agreements, enforceability and compli-
ance become a critical issue: the national sovereignty of individual 
states may lead to strategic behavior, free-riding incentives, and to 
countries not complying with the agreement they have signed. Ideally, 
a global deal for climate change would sustain full participation and 
compliance, while ensuring an effi cient level of emission reduction. 
Yet, because of the lack of a supranational institution able to enforce a 
climate policy, achieving global agreement on controlling GHG emis-
sions may be very diffi cult if not impossible (Barrett, 2003).

Table 23.3 Gini index in 2100

BAU

CAT 
with 
redistri-
bution

Climate 
Clubs REDD

Burden 
Sharing

Grad-
uation

Global 
Carbon 
Tax

Dynamic 
Targets

R&D 
Coalition

0.200 0.198 0.158 0.197 0.196 0.158 0.178 0.156 0.181



When analyzing the feasibility and enforceability of proposed 
architectures for agreement, one should therefore assess whether dif-
ferent set-ups limit incentives to free ride, and whether they would 
be enforceable. Debate about the feasibility and enforceability of 
post-Kyoto architectures so far has been limited to qualitative analy-
sis; there has been no attempt to quantify the degree to which each 
architecture deters free-riding behavior. In this chapter, we borrow 
concepts from game theory to derive quantitative measures of enforce-
ability and political acceptability for all policies, at global and regional 
levels respectively.

We use the concept of “potential internal stability” (see Carraro, 
Eyckmans, and Finus 2006 for a defi nition and discussion of this 
term) as a proxy for the theoretical enforceability of the agreement. 
This is a weak stability concept in the sense that an agreement is said 
to be potentially internally stable if the aggregate payoffs are at least 
as large as the sum of the regional payoffs in the BAU scenario. If this 
condition is satisfi ed, all coalition members could be at least as well 
off as under BAU through suitably designed transfer schemes. Global 
welfare is computed as the sum of welfare for each region.15

From the fi rst column of Table 23.4, it is clear that all but one of the 
architectures imply an improvement in global welfare over the status 
quo: if one could design appropriate transfer schemes, then all regions 
could be made at least as well off as under the BAU scenario. The only 
exception is the autarchic coalition, where all countries, including 
developing countries, are required to undertake emission reductions 
domestically by imposing a carbon tax. In particular, if global welfare 
is the only metric, then Cap-and-Trade with redistribution is the 
policy to be preferred. Notice however that most of the welfare gains 
are experienced in developing countries (and depend on the allocation 
of the burden of climate policy). Hence, the stability of the agreements 
would require the transfer of resources from developing to developed 
countries—which is unlikely to be politically acceptable and feasible.

15 Most of the agreements result in a global welfare improvement. It should, 
however, be noticed that global welfare is here measured by using a utilitarian 
approach (no specifi c weights are used to aggregate welfare over regions). The 
positive global welfare improvement in some cases depends on the fact that very 
few countries are largely better off whereas most countries are worse off. For 
this reason we use a second indicator defi ned by the number of regions that are 
better off.
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How to aggregate welfare across regions is a challenging question 
that is far from being resolved. For this reason we complement the 
potential internal stability metric with an indicator of the potential 
enforceability of the architectures, as summarized in the second 
column of Table 23.4. If we consider the policy that maximizes the 
number of regions with an improvement in welfare then Climate 
Clubs would be the preferred agreement and Cap and Trade with 
redistribution would be ranked fourth.

While at the global level almost all architectures for agreement seem 
to be potentially enforceable, the picture is very different when we 
move down to explore the feasibility of the proposals at the regional 
level. The last column of Table 23.4 shows the likely political feasibil-
ity of each policy architecture, approximated by the number of regions 
whose welfare under the specifi c climate policy architecture is higher 
than in the BAU scenario. Thus, the higher the number of countries 
that fi nd a specifi c coalition profi table from an individual perspec-
tive, the more likely it is that the architecture is politically acceptable. 
Notice that individual profi tability is only a necessary condition for 
stability if the latter is defi ned in the usual manner—that is, using the 
concept of cartel stability proposed in industrial organization (see 
Carraro and Siniscalco 1993). However, individual profi tability may 

Table 23.4 Potential enforceability and political acceptability

Potential stability 
World welfare Feasibility

% change wrt BAU

No. of countries 
with +ve variation in 
welfare

CAT with
 redistribution

0.681%   3

Climate Clubs 0.183%   6
REDD 0.456%   4
Burden Sharing 0.243%   3
Graduation 0.085%   3
Global Carbon Tax −0.168%   0
Dynamic Targets 0.202%   5
R&D Coalition 0.103% 12



become a suffi cient condition for stability if a concept of farsighted 
stability is adopted (Chew 1994) or if a minimum participation con-
straint is imposed (Carraro, Marchiori, and Oreffi ce 2003).

It is clear that in the R&D Coalition and Climate Clubs architec-
tures, both of which involve some form of cooperation on R&D, a 
large share of countries fi nd the agreement profi table (all and half of 
the countries are better off, respectively). The result on the Climate 
Club architecture is particularly interesting, as it seems to support a 
role for issue linkage in generating scope for gains from cooperation. 
The universal but incremental coalition based on Dynamic Targets is 
also likely to be politically feasible, as fi ve out of twelve regions fi nd 
it profi table: it is quite likely that a careful revision of the criteria for 
setting binding emission reduction targets could lead to a redistribu-
tion of welfare so that all countries would be better off.

The above analysis of the political acceptability and potential enforce-
ability of proposed post-2012 climate policy architectures is clearly a 
simplifi cation and can be criticized on various grounds, such as (1)  the 
choice of the welfare indicator or (2) the fact that other important 
factors, which may determine ultimately whether an international agree-
ment can be accepted at the national level, are overlooked. Our results 
do, nonetheless, provide a good starting point for assessing the enforce-
ability dimensions of the proposed architectures for agreement.

Summary of the comparison analysis

Table 23.5 summarizes the performance of the different post-Kyoto 
architectures we considered according to the criteria discussed in fore-
going sections. Signifi cant differences are reported, which makes an 
unequivocal ranking of different architectures impossible. Some clear 
indications emerge nonetheless. The architectures have been ordered 
by increasing environmental performance. Notice, however, that this 
produces the same result as ordering by decreasing economic cost—
that is, increasing costs (the second column). It also corresponds to 
declining scores for enforceability.

There is therefore evidence of a perfect trade-off between environ-
mental effectiveness and economic effi ciency and enforceability.

Among the environmentally more effi cient architectures—Cap and 
Trade, reducing emissions from deforestation and degradation (REDD), 
Burden Sharing, Graduation, and Global Carbon Tax—results for the 
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REDD approach show that the inclusion of  deforestation in a climate 
agreement can signifi cantly improve the economic effi ciency of the 
policy, and also its enforceability, since recognizing forestry changes 
provides additional incentives for participation to some developing 
countries. Note however that for all these architectures GWP losses 
are above 1 percent. Graduation reports the fairer distribution of 
income within this group.

Dynamic Targets and Climate Clubs are policies that come at a 
very low economic cost, though obviously at the expense of foregone 
climate effectiveness. They both perform well in terms of distribu-
tion and feasibility. Finally, the R&D Coalition architecture actu-
ally improves world economic performance, which suggests that all 
regions should be willing to participate, but it achieves very little in 
terms of climate protection.

Multi-criteria techniques could be used to provide a more precise 
ranking of the climate policy architectures analyzed in this chapter. 

Table 23.5 Assessment criteria for the different policy architectures

Environmental 
Effectiveness 
(T°C above
pre-industrial)

Economic 
Effi ciency 
(GDP 
change 
wrt BAU, 
5% d.r.)

Distributional 
Impact (Gini 
2100)

Enforceability 
(Countries with 
positive welfare 
change, out 
of 12)

BAU 3.75 – 0.200  –
R&D 
Coalition

3.58 0.37% 0.181 12

Dynamic 
Targets

3.02 −0.24% 0.156   5

Climate
Clubs

2.95 −0.32% 0.158   6

REDD 2.76 −1.20% 0.197   4
Burden 
Sharing

2.76 −1.44% 0.196   3

CAT with 
redistribution

2.76 −1.45% 0.198   3

Graduation 2.76 −1.47% 0.158   3
Global
Carbon Tax

2.76 −1.49% 0.178   0



As  an example, one can apply the min-max criterion to identify 
the architecture that minimizes the maximum possible loss across 
all dimensions considered. According to this criterion, the R&D 
Coalition is to be preferred to all other architectures. Given the uncer-
tain nature of the issues at stake, though, a deterministic approach 
could lead to misleading conclusions. Further investigation based on 
stochastic data envelopment analysis and other probabilistic multi-
criteria approaches could help in identifying the most robust climate 
policy architectures.

Conclusions and policy implications

In this chapter, we have evaluated eight policy architectures that can 
be briefl y described as follows:

Global Cap-and-Trade system with redistribution1. : All nations 
participate immediately in a global cap-and-trade system designed 
to stabilize atmospheric CO2 at 450 ppm by 2100. Permits are 
allocated to all countries on an equal per capita basis.
Global Tax recycled domestically2. : All countries apply a globally 
consistent carbon tax designed to achieve the same stabilization 
trajectory as above. Revenues from the tax are recycled domesti-
cally and implementation begins immediately.
Reducing Emissions from Deforestation and Degradation (REDD)3. : 
Same as the fi rst scenario, except credits from avoided Amazon 
deforestation are included in the permit market.
Climate Clubs4. : In this scenario, a group of mostly advanced econo-
mies agrees to abide by its Kyoto target and reduce GHG emissions 
70 percent below 1990 levels by 2050. Other fast-growing coun-
tries and regions begin gradual efforts to reduce emissions below 
BAU, but converge to the same level of reductions as the fi rst group 
after 2050. All remaining countries face no binding targets, but 
their emissions are limited to BAU.
Burden Sharing5. : Developed (Annex I) countries commence abate-
ment immediately, with the burden shared on an equal per capita 
basis. Binding emissions targets are extended to all other countries, 
except those in sub-Saharan Africa, in 2040.
Graduation6. : Countries adopt binding emission targets as they 
reach specifi ed criteria for income and emissions. Annex I  countries 
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compensate for the delayed entry of non-Annex I countries by 
undertaking additional reductions as required to achieve a 450 
ppm stabilization trajectory.
Dynamic Targets7. : Different countries adopt different targets over 
time depending on current and projected emissions, income, and 
population.
R&D and technology development8. : No binding emissions targets; 
instead all countries contribute a fi xed percentage of GDP to an 
international fund for developing low-carbon technologies.

The quantitative comparison of these architectures has focused on the 
following four features:

Relative environmental effectiveness• , measured as temperature 
change above pre-industrial levels in 2100;
Economic effi ciency• , measured as change in GWP compared to pro-
jected GWP under BAU conditions;
Distributional implications• , assessed by the Gini index at the end of 
the century; and
Potential enforceability• , measured by changes in global and regional 
welfare with respect to the BAU scenario.

These indicators are meant to provide policymakers with a clearer 
picture of the various implications of some of the policy options cur-
rently on the table in international climate negotiations.

We draw on the comparative analysis presented in the previous sec-
tions to offer a series of general recommendations.

First, limiting warming to 2°C, as envisaged by the IPCC and the 
European Commission, requires more drastic measures than those 
indicated in all the policy architectures considered in this chapter.

Second, non-CO2 gases should be included among the mitigation 
options in an international agreement: not only would their inclusion 
lead to lower temperature increases for a similar concentration of CO2 
in the atmosphere, it would also lower the cost of meeting a given 
stabilization target.

Third, a clear trade-off between environmental effectiveness and eco-
nomic effi ciency emerges from our analysis, as does another clear trade-
off between environmental effectiveness and political enforceability.

Fourth, the inclusion of avoided deforestation reduces the cost of a 
policy and improves enforceability.



Fifth, an international climate policy can achieve a fairer  distribution 
of income worldwide, but the global economic loss is small only for 
policies that aim at intermediate stabilization objectives, in the range 
of 650 ppm CO2-equivalent for all GHGs (550 ppm for CO2 only). 
This stabilization target is shown to have little impact on economic 
activity, but may not provide suffi cient climate protection.

Finally, policies to promote R&D cooperation that do not involve 
any carbon constraints or taxes are shown to have a marginal effect 
on climate, though a positive one on economic activity. Thus, they 
are likely to be the only ones that lead to a global, self-enforcing 
agreement.

Far from providing a fi nal and unique answer, this analysis is 
intended as a starting point for other critical comparisons of propos-
als for climate policy agreements. Further research may adopt more 
sophisticated analytical tools to account for the public perception of 
climate change and for varying priorities among the different dimen-
sions considered.
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Appendix: Description of WITCH

Full details on the WITCH model can be found in Bosetti, Carraro et al. 
2006. The description below focuses on the overall model structure, 
and on the specifi cation of endogenous technical change processes.

Overall model structure

WITCH is a dynamic optimal growth general equilibrium model with 
a detailed (“bottom-up”) representation of the energy sector, thus 
belonging to a new class of hybrid (both “top-down” and “bottom-
up”) models. It is a global model, divided into 12 macro-regions. A 

744 Valentina Bosetti, Carlo Carraro, Alessandra Sgobbi, Massimo Tavoni



Modeling economic impacts  745

reduced form climate module (MAGICC) provides the climate feed-
back on the economic system. The model covers CO2 emissions but 
does not incorporate other GHGs, whose concentration is typically 
added exogenously to CO2 concentration in order to obtain overall 
GHG concentration—a 450 ppm CO2 concentration scenario is 
roughly assumed to correspond to a 550 ppm overall GHG concentra-
tion scenario in the simulations below. In addition to the full integra-
tion of a detailed representation of the energy sector into a macro 
model of the world economy, distinguishing features of the model are:

Endogenous technical change.•  Advancements in carbon mitiga-
tion technologies are described by both diffusion and innovation 
processes. Learning by Doing and Learning by Researching (R&D) 
processes are explicitly modeled and enable identifi cation of the 
“optimal”16 public investment strategies in technologies and R&D 
in response to given climate policies. Some international technology 
spillovers are also modeled.
Game-theoretic set up.•  The model can produce two different solu-
tions, a cooperative one that is globally optimal (global central 
planner) and a decentralized, non-cooperative one that is strategi-
cally optimal for each given region (Nash equilibrium). As a result, 
externalities due to global public goods (CO2, international knowl-
edge spillovers, exhaustible resources, etc.) and the related free-riding 
incentives can both be accounted for, and the optimal policy response 
(world CO2 emission reduction policy, world R&D policy) can be 
explored. A typical output of the model is an “optimal” carbon price 
path and the associated portfolio of investments in energy technolo-
gies and R&D under a given environmental target.17

Endogenous Technical Change (ETC) in the WITCH model

In the basic version of WITCH, technical change is endogenous and 
is driven both by learning-by-doing (LbD) and by public energy R&D 

16 Insofar as the solution concept adopted in the model is the Nash equilibrium 
(see below), “optimality” should not be interpreted as a fi rst-best outcome but 
simply as a second-best outcome resulting from strategic optimization by each 
individual world region.

17 A stochastic programming version of the model also exists to analyze optimal 
decisions under uncertainty and learning. However, it was not used within the 
context of this chapter.



investments.18 These two drivers of technological improvements 
display their effects through two different channels: LbD is specifi c 
to the power generation industry, while energy R&D affects overall 
energy effi ciency in the economy.

The effect of technology diffusion is incorporated based on experi-
ence curves that reproduce the observed negative empirical relation-
ship between the investment cost of a given technology and cumulative 
installed capacity. Specifi cally, the cumulative installed world capacity 
is used as a proxy for the accrual of knowledge that affects the invest-
ment cost of a given technology:

SC  ( t + 1 )  = A  ∑n  
   K   (n,t) − log 2  PR  (1)

where SC is the investment cost of technology j, PR is the so-called 
progress ratio that defi nes the speed of learning, A is a scale factor, 
and K is the cumulative installed capacity for region n at time t. 
With every doubling of cumulative capacity, the ratio of the new 
investment cost to its original value is constant and equal to 1/PR. 
With several electricity production technologies, the model is fl exible 
enough to change the power production mix and modify investment 
strategies towards the most appropriate technology for each given 
policy measure, thus creating the conditions to foster the LbD effects 
associated with emission-reducing but initially expensive electricity 
production techniques. Experience is assumed to fully spill over across 
countries, thus implying an innovation market failure associated with 
the non-appropriability of learning processes.

R&D investments in energy increase energy effi ciency and thereby 
foster endogenous technical change. Following Popp (2004), techno-
logical advances are captured by a stock of knowledge combined with 
energy in a constant elasticity of substitution (CES) function, thus 
stimulating energy effi ciency improvements:

ES ( n,t )  =   [  α H (n)HE (n,t) ρ  +  α EN  (n)EN (n,t) ρ  ]  1/ρ  (2)

where EN(n,t) denotes the energy input, HE(n,t) is the stock of 
knowledge and ES(n,t) is the amount of energy services produced by 

18 Due to data availability constraints, only public R&D is modelled in the current 
version of WITCH. However, private R&D would be expected to respond in a 
qualitatively similar way to climate change mitigation policies.
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combining energy and knowledge. The stock of knowledge HE(n,t) 
derives from energy R&D investments in each region through an 
innovation possibility frontier characterized by diminishing returns 
to research, a formulation proposed by Jones (1995) and empirically 
supported by Popp (2004) for energy-effi cient innovations in the 
United States:

HE ( n,t + 1 )  =  aI R&D   ( n,t )  b  HE  ( n,t )  c  + HE ( n,t )  (  1−δ R&D  )  (3)

where δR&D is the depreciation rate of knowledge, and b and c are both 
between 0 and 1 so that there are diminishing returns to R&D both 
at any given time and across time periods. Refl ecting the high social 
returns from energy R&D, it is assumed that the return on energy 
R&D investment is four times higher than that on physical capital. 
At the same time, the opportunity cost of crowding out other forms 
of R&D is obtained by subtracting four dollars of private investment 
from the physical capital stock for each dollar of R&D crowded out 
by energy R&D, ψR&D, so that the net capital stock for fi nal good 
production becomes:

 K C  ( n,t + 1 )  =  K C  ( n,t )  ( 1− δ C  )  +  (  I C  ( n,t )  − 4 Ψ R&D  I R&D  ( n,t )  )  (4)

where δC is the depreciation rate of the physical capital stock. New 
energy R&D is assumed to crowd out 50 percent of other R&D, as in 
Popp (2004).

The WITCH model has been extended to carry out the analysis pre-
sented in this chapter to include additional channels for technological 
improvements, namely learning through research or “learning-by-
searching” (LbS) in existing low carbon technologies (wind and solar 
electricity, electricity from integrated gasifi er combined cycle (IGCC) 
plants with carbon capture and storage (CCS)), and the possibility of 
developing breakthrough, zero-carbon technologies for both the elec-
tricity and non-electricity sectors.

Breakthrough technologies

In the enhanced version of the model used for this chapter, backstop 
technologies in both the electricity and non electricity sectors are 
developed and diffused in a two-stage process, through investments 



in R&D fi rst and installed capacity in a second stage. A backstop 
technology can be better thought of as a compact representation of 
a portfolio of advanced technologies. These would ease the mitiga-
tion burden away from currently commercial options, but they would 
become commercially  available only provided suffi cient R&D invest-
ments are undertaken, and not before a few decades. This simplifi ed 
representation maintains simplicity in the model by limiting the array 
of future energy technologies and thus the dimensionality of techno-
economic parameters for which  reliable estimates and meaningful 
modeling characterization exist.

Concretely, the backstop technologies are modeled using historical 
and current expenditures and installed capacity for technologies which 
are already researched but are not yet viable (e.g., fuel cells, advanced 
biofuels, advanced nuclear technologies, etc.), without specifying the 
type of technology that will enter into the market. In line with the 
most recent literature, the emergence of these backstop technologies is 
modeled through so-called “two-factor learning curves,” in which the 
cost of a given backstop technology declines both with investment in 
dedicated R&D and with technology diffusion (see, e.g., Kouvaritakis, 
Soria et al. 2000). This formulation is meant to overcome the limitations 
of single factor experience curves, in which the cost of a technology 
declines only through “pure” LbD effects from technology diffusion, 
without the need for R&D investment (Nemet 2006). Nonetheless, 
modeling long-term and uncertain phenomena such as technological 
evolution is inherently diffi cult, which calls for caution in interpreting 
the exact quantitative results and for sensitivity analysis (see below).19

Bearing this caveat in mind, the investment cost in a technology tec 
is assumed to be driven both by LbS (main driving force before adop-
tion) and LbD (main driving force after adoption), with Ptec,t, the unit 
cost of technology tec at time t, being a function of the dedicated R&D 
stock R&Dtec,t and deployment CCtec,t:

  
 P tec,T 

 _____ 
 P tec,0 

   =   (    R & D tec,T−2   ___________ 
 R & D tec,0 

   )  −e

  *  (    CC tec,T 
 ______ 

 CC tec,0 
   )  −d

  (5)

19 This is especially true when looking at the projected carbon prices and economic 
costs at long horizons—typically beyond 2030, while the short-run implications 
of long-run technological developments are comparatively more robust across a 
range of alternative technological scenarios (see below).
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where the R&D stock accumulates with the perpetual inventory method 
and CC is the cumulative installed capacity (or consumption) of the 
technology. A two-period (10 years) lag is assumed between R&D 
capital accumulation and its effect on the price of the backstop tech-
nologies, capturing in a crude way existing time lags between research 
and commercialization. The two exponents are the LbD index (d) and 
the learning by researching index (-e). They defi ne the speed of learning 
and are derived from the learning ratios. The learning ratio r is the rate 
at which the generating cost declines each time the cumulative capacity 
doubles, while lrs is the rate at which the cost declines each time the 
knowledge stock doubles. The relation between d,-e,lr and lrs can be 
expressed as follows:

1 − lr =  2 −d  and 1 −lrs =  2 −e  (6)

The initial prices of the backstop technologies are set at roughly 
10 times the 2002 price of commercial equivalents. The cumulative 
deployment of the technology is initiated at 1000 TWh, an arbitrarily 
low value (Kypreos 2007). The backstop technologies are assumed to 
be renewable in the sense that the fuel cost component is negligible. 
For power generation, it is assumed to operate at load factors (defi ned 
as the ratio of actual to maximum potential output of a power plant) 
comparable with those of baseload power generation.

This formulation has received signifi cant attention from the empiri-
cal and modeling literature in the recent past (see, for instance, Criqui, 
Klassen et al. 2000; Barreto and Kypreos 2004; Klassen, Miketa et al. 
2005; Kypreos 2007; Jamasab 2007; Söderholm and Klassen 2007). 
However, estimates of parameters controlling the learning processes 
vary signifi cantly across available studies. Here, averages of existing 
values are used, as reported in Figure 23.1. The value chosen for the 
LbD parameter is lower than those typically estimated in single factor 
experience curves, since here technological progress results in part 
from dedicated R&D investment. This more conservative approach 
reduces the role of “autonomous” learning, which has been seen as 
overly optimistic and leading to excessively low costs of transition 
towards low carbon economies.20

20 Problems involved in estimating learning effects include: i) selection bias, i.e., 
technologies that experience smaller cost reductions drop out of the market 
and therefore of the estimation sample; ii) risks of reverse causation, i.e., 



Backstop technologies substitute linearly for nuclear power in 
the electricity sector, and for oil in the non-electricity sector. Once 
backstop technologies become competitive thanks to dedicated R&D 
investment and pilot deployments, their uptake is assumed to be 
gradual rather than immediate and complete. These penetration 
limits are a refl ection of inertia in the system, as presumably the large 
deployment of backstops would require investment in infrastructures 
and wide re-organization of economic activity. The upper limit on 
penetration is set equivalent to 5 percent of the total consumption 
in the previous period by technologies other than the backstop, plus 
the electricity produced by the backstop in the electricity sector, and 
7 percent in the non-electricity sector.

Spillovers in knowledge and experience

In addition to the international LbD spillovers mentioned above, 
WITCH also features international spillovers in knowledge for energy 
effi ciency improvements. The amount of spillovers entering each world 
region is assumed to depend both on a pool of freely available world 
knowledge and on the ability of each country to benefi t from it. In 
turn, this absorption capacity depends on the domestic knowledge 
stock, which is built up through domestic R&D according to a stand-
ard perpetual capital accumulation rule. The region then combines 
knowledge acquired from abroad with the domestic knowledge stock 
to produce new technologies at home. For details, see Bosetti, Carraro 
et al. 2008.

cost  reductions may induce greater deployment, so that attempts to force the 
reverse may lead to disappointing learning rates a posteriori; iii) the diffi culty 
to discriminate between “pure” learning effects and the impact of accompany-
ing R&D as captured through two-factor learning curves; iv) the fact that past 
cost declines may not provide a reliable indication of future cost reductions, as 
factors driving both may differ; v) the use of price—as opposed to cost—data, 
so that observed price reductions may refl ect not only learning effects but also 
other factors such as strategic fi rm behavior under imperfect competition.
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24 Sharing the burden of GHG 
reductions
Henry D. Jacoby,
Mustafa H. Babiker, Sergey Paltsev, 
and John M. Reilly

Introduction

In response to the ever-clearer threat posed by climate change, the 
Group of Eight (G8) large industrialized countries have adopted a 
goal of reducing global greenhouse gas (GHG) emissions 50 percent 
by 2050. Together with existing developed-country commitments 
and proposals, and equity principles written into various climate 
agreements, this target provides a starting point for consideration of 
a post-2012 international climate agreement. Success in upcoming 
negotiations should be aided by a clear-eyed view of the implications 
of simultaneously pursuing emissions targets and equity goals, and 
this analysis is intended as a contribution to this important interna-
tional process.

While references to a 50 percent global GHG reduction target 
can be found in the statements of the major industrialized countries, 
it is clear that meeting this target will require the participation of 
countries beyond that small group.1 The United Nations Framework 
Convention on Climate Change (UNFCCC) and its subsidiary agree-
ments lay out broad terms of reference for sharing the task. For 
example, the Convention and the Kyoto Protocol divide the world 
into a set of developed countries (Annex I) and developing countries 
(non-Annex I) with “common but differential responsibilities.” The 
Bali Action Plan, in setting out guidelines for long-term coopera-
tive action in the post-2012 period, refl ects this equity principle and 

1 A 50 percent reduction in global emissions is closest to the most stringent 
target considered in a 2007 study by the US Climate Change Science Program 
(US CCSP 2007), which analyzed the reductions necessary to achieve atmos-
pheric carbon dioxide (CO2) stabilization at 450 parts per million by volume 
(ppmv).
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emphasizes the need for “positive incentives for developing country 
Parties for the enhanced implementation of national mitigation strate-
gies and adaptation action.” Developed countries, in turn, have the 
responsibility to provide fi nancial and other resources to “meet the 
specifi c needs and concerns of developing country Parties arising from 
adverse effects of climate change and/or the impact of the implemen-
tation of response measures” (UNFCCC, Article 4.8, italics added). 
Note that the language stipulates that developed countries should 
cover not only the direct costs of mitigation measures within develop-
ing countries, thereby creating incentives to take on commitments, but 
also provide compensation for the indirect effects of emissions mitiga-
tion undertaken elsewhere.

We analyze this set of objectives in the context of a global emis-
sions trading scheme. One attraction of emissions trading is that the 
allowance allocation mechanism provides a means for altering the 
distributional effects of an emissions target, while the ability to trade 
equalizes marginal costs of reduction among participants. Thus, in 
principle, an international emissions trading regime can be designed 
so that allowance allocations take care of developing country con-
cerns about costs while still ensuring the adoption of least-cost abate-
ment opportunities. Note, however, that the insights drawn from this 
analysis are not limited to a policy architecture based on universal 
cap-and-trade. For example, reductions could be achieved as well 
with a harmonized carbon tax, augmented by side payments equal to 
the level of the fi nancial fl ows we show as necessary to meet burden-
sharing objectives. While strictly speaking the analysis is based on 
the implementation of a highly effi cient policy mechanism such as 
cap-and-trade or a carbon dioxide (CO2) tax, the results might still be 
used to inform negotiations on levels of international compensation in 
a context where countries are allowed to implement reductions using 
policy mechanisms of their choice. In that case, welfare costs and CO2 
prices would differ from the results shown here, though these results 
would still provide insights into the scale of the task.

While an actual post-2012 international climate agreement may fall 
short of ideal solutions, analyzing different policies can help inform 
judgments about the nature of the challenge ahead. To explore pos-
sible burden sharing in this context we employ a technique for endog-
enously estimating the allowance allocations necessary to achieve 
predetermined distributional outcomes, implemented within the MIT 
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Emissions Prediction and Policy Analysis (EPPA) model. We then 
apply these allocation results to abatement scenarios that bring global 
GHG emissions to 50 percent below year 2000 emissions by 2050. 
We consider a variety of possible policy architectures and explore the 
allowance allocations, and associated fi nancial fl ows under a trading 
regime, that are consistent with achieving particular distributional 
goals.

Our exploration stands in a long tradition of efforts to analyze 
options for burden sharing among nations in the context of climate-
change mitigation. Previous work in this literature includes Beckerman 
and Pasek (1995); Jacoby et al. (1997); Reiner and Jacoby (1997); 
Rose et al. (1998); Jacoby, Schmalensee, and Wing (1999); Babiker, 
Reilly, and Jacoby (2000); Winkler et al. (2002); McKibbin and 
Wilcoxen (2004); Perrson, Azar, and Lindgren (2006); and a survey of 
approaches by Bodansky (2004). Several other articles in this volume 
also touch on this topic. Our contribution here is to analyze the impli-
cations of currently proposed emissions targets when imposed in the 
context of the equity principles articulated in the Bali Action Plan and 
earlier international agreements.

Note that our focus is on mitigation costs only. The UNFCCC also 
specifi es that developed countries are responsible for helping develop-
ing countries adapt to climate change. If achieved, the mitigation goal 
proposed by the G8 would avoid some of the projected warming and 
thereby lessen the need for adaptation assistance. Our estimate of 
fi nancial fl ows to compensate developing countries does not include 
amounts that might be needed to provide adaptation assistance, or to 
cope with the effects of residual climate change itself. Also, our analy-
sis does not take account of the potential for welfare-enhancing reduc-
tions in energy subsidies, which are particularly prominent among 
energy-exporting countries.

We begin by describing the EPPA model and the endogenous instru-
ments used in this analysis to simulate the impacts of mitigation 
policies that also achieve distributional goals. Next we describe the 
reference scenario of GHG emissions that underlies the analysis and 
summarize the policy scenarios to be considered. The discussion then 
moves to a comparison of costs and fi nancial fl ows under the different 
allowance allocations implied by several current policy proposals. We 
begin with a simple burden-sharing rule implicit in current developed-
country targets, and then analyze alternatives based on population 
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and gross domestic product (GDP). Our simulations fi nd that these 
alternatives yield distributional implications that are inconsistent 
with notions of equity among nations. Another result is that different 
burden-sharing arrangements have an effect on the diffi culty of the 
task, through income effects.

The analysis then turns to cases where allowances are allocated 
endogenously to compensate developing-country parties—either fully 
or partially—for the burdens they incur in the global effort, including 
both direct costs (mitigation expenses) and indirect costs (e.g., terms-
of-trade effects).2 This analysis highlights the scale of the implied 
international fi nancial transfers, which far exceed any historical expe-
rience. We also explore different assumptions about the distribution 
of mitigation and compensation burdens among developed regions, 
comparing an allocation based on proportional reductions to one that 
imposes the same welfare loss on all. The results from this portion of 
the analysis suggest that the distribution of burdens among Annex I 
parties is no less complicated than that between Annex I and non-An-
nex I parties. Finally, we summarize our fi ndings and speculate about 
their implications for the negotiation of a post-2012 international 
policy architecture.

The EPPA model and endogenous allocation

The EPPA model

The Emissions Prediction and Policy Analysis (EPPA) model is a 
general equilibrium model of the world economy developed by the 
MIT Joint Program on the Science and Policy of Global Change 
(Paltsev et al. 2005). It divides the world into sixteen individual 
countries and regional groups and is designed to provide scenarios 
of anthropogenic GHG emissions and estimates of the economic 
impact of climate change policies, either as a stand-alone model or as 
part of a larger Integrated Global Simulation Model (IGSM) of the 
climate system (Sokolov et al. 2005). For economic data the EPPA 
model relies on the Global Trade Analysis Project (GTAP) dataset 

2 The terms of trade are defi ned as the prices of a country’s exports in relation to 
the prices of its imports. In this analysis a main concern is the effect on energy 
exporters of a reduction in oil, gas, and coal prices, leading to deterioration in 
their terms of trade.
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(Dimaranan and McDougall 2002), which accommodates a consistent 
representation of regional macroeconomic consumption, production, 
and bilateral trade fl ows. Energy data in physical units are based 
on energy balances from the International Energy Agency (IEA). 
Additional data for the most important anthropogenic GHGs (carbon 
dioxide [CO2], methane [CH4], nitrous oxide [N2O], hydrofl uorocar-
bons [HFCs], perfl uorocarbons [PFCs], and sulfur hexafl uoride [SF6]) 
are from inventories maintained by the US Environmental Protection 
Agency. For data on other air pollutants (sulfur dioxide [SO2], nitro-
gen oxides [NOx], black carbon [BC], organic carbon [OC], ammonia 
[NH3], carbon monoxide [CO], and non-methane volatile organic 
compounds [VOC]) we rely on the global EDGAR data (Olivier and 
Berdowski 2001). Different types of GHGs are aggregated using 
global warming potentials (GWPs) specifi ed by the Intergovernmental 
Panel on Climate Change (IPCC). Biofuels are assumed to be from 
cellulosic sources and their contribution to the overall fuel supply for 
given inputs of land and other inputs is net of the energy required for 
crop production, transport, and processing. Potential effects of indi-
rect land-use change (see Melillo et al. 2009) are not considered.

Regions, sectors, and primary factors are shown in Table 24.1. 
For the most part, regional groupings attempt to include contiguous 
areas. The sectors and primary factors are disaggregated to focus on 
energy demand, supply, resource use and depletion, and key technol-
ogy alternatives to fossil-fuel use. The model can be solved recursively 
or dynamically at fi ve-year time steps. Solving the model as a fully 
dynamic problem requires some sacrifi ce of detail and so we solve it 
here recursively. Production and consumption sectors are represented 
in the EPPA model by nested constant elasticity of substitution (CES) 
production functions (or the Cobb-Douglas and Leontief special cases 
of the CES). The model is written in the GAMS software system and 
solved using the MPSGE modeling language (Rutherford 1995). It has 
been used in a wide variety of policy applications (e.g., Babiker et al. 
2004; US CCSP 2007; Paltsev et al. 2007; Paltsev et al. 2008).

Endogenous instruments for policy targets and 
distributional goals

The GAMS-MPSGE algorithms applied in the EPPA model conven-
iently allow constrained solutions. Thus the shadow value of a CO2 
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Table 24.1 Regions, sectors, and primary factors in the EPPA model

Country or Region† Sectors Factors

Developed Non-Energy Capital
 United States (USA)  Agriculture (AGRI)

 Services (SERV)
  Energy-Intensive

  Products (EINT)
  Other Industries Products

  (OTHR)
 Transportation (TRAN)
  Household Transportation

  (HTRN)

Labor
 Canada (CAN) Crude Oil
 Japan (JPN)
  European Union+ 

(EUR)
  Australia & New 

Zealand (ANZ)
  Former Soviet Union 

(FSU)
 Eastern Europe (EET)
Developing
 India (IND)
 China (CHN)
 Indonesia (IDZ)
  Higher Income East 

Asia (ASI)
 Mexico (MEX)
 Latin America (LAM)
 Middle East (MES)
 Africa (AFR)
 Rest of World (ROW)

Natural Gas
Coal
Shale Oil
Nuclear
Hydro
Wind/Solar
Land

Other HH Consumption
Fuels
 Coal (COAL)
 Crude Oil (OIL)
 Refi ned Oil (ROIL)
 Natural Gas (GAS)

 Oil from Shale (SYNO)
 Synthetic Gas (SYNG)
  Liquids from Biomass 

(B-OIL)
Electricity Generation
 Fossil (ELEC)
 Hydro (HYDR)
 Nuclear (NUCL)
  Solar and Wind (SOLW)

 Biomass (BIOM)
 Coal with CCS
 Adv. gas without CCS
 Gas with CCS

† Details of regional groupings are provided in Paltsev et al. (2005).

emissions constraint can be interpreted as the price that would result 
if the CO2 target were implemented by a cap-and-trade system. The 
EPPA model is set up so that caps can be specifi ed separately for each 
country, each sector within a country, and for each major GHG. The 
option then exists to create markets that allow trading of allowances 
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among any of these separately capped regions, sectors, or gases where 
trading equilibrates the marginal cost of abatement as observed by 
the trading entity.3 Trading among gases occurs at GWP exchange 
rates which can be set to other values if desired or as GWPs change. 
For this analysis, we enforce the cap on total GHG emissions with 
trade among all sources, sectors, and regions except where we exclude 
some regions from the policy. Land-use emissions and/or sinks are not 
explicitly capped, and no incentives are provided to enhance sinks.

This analysis assumes that any allowance revenue is returned to the 
representative consumer in each region in a lump-sum manner. This 
assumption is consistent with a cap-and-trade system under competi-
tive conditions where allowances are distributed free or are auctioned 
with the revenue distributed as a lump sum. Under these conditions, 
the way in which allowances are distributed within a country does not 
affect production (or abatement) decisions.4 For example, lump-sum 
free distribution to fi rms provides a windfall gain to recipients: the 
value of any allowances given to fi rms will increase the equity value of 
those fi rms or otherwise be distributed to shareholders and therefore 
increase the value of stocks held by households (our representative 
consumer). But that distribution will not affect a fi rm’s abatement 
decisions—those decisions will be based on the GHG price observed 
in the allowance market recognizing the opportunity cost/value of any 
free allowances it has received. If allowances are instead auctioned, 
the fi rm would see the same price and abate the same amount. This 
approach does not consider other uses of funds such as using revenue 
from an allowance auction to replace existing distortionary taxes, 
support energy R&D, eliminate possible market failures in energy use, 
or alter within-country distributional outcomes of the policy.

3 GAMS-MPSGE solves the model as a mixed complementarity problem—
that is, it fi nds equilibrium in markets for factors and goods. Under idealized 
conditions—perfect competition, small open economy or a closed economy, 
no market distortions—this is consistent with welfare maximization. In the 
presence of distortions, taxes, terms-of-trade effects and the like, the solution 
represents a market solution: consumers and producers are optimizing on the 
basis of distorted prices and without considering the economy-wide impact of 
their actions on the terms of trade. Thus, in the presence of distortions it is pos-
sible that there is a solution that is better in welfare terms than an unfettered 
emissions trading system.

4 As noted below, different allocations among countries lead to differences in 
global price and cost because of income effects.
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Emissions targets and distributional objectives are jointly imple-
mented in the EPPA model through the use of an endogenous  procedure 
implemented for this study. These instruments allocate emissions 
allowances among parties in such a way that the targeted mitigation 
and distributional goals are achieved simultaneously. Two forms of 
endogenous instruments are used to simulate the policy cases. One such 
internal procedure is needed to simulate the allocations (and resulting 
fi nancial transfers from emissions trading) required to compensate 
the mitigation-related costs of developing countries. Another must 
be employed to simulate the requirement that the same percentage 
welfare burden be imposed across developed regions. While these two 
approaches differ from a technical standpoint, they both use mecha-
nisms that (re)allocate allowances to achieve specifi c welfare targets 
in different regions.

Though a full description of this technique is beyond the scope of 
this discussion, a brief summary is provided here. The fi rst endog-
enous instrument starts from a given global allocation of allowances 
among countries and then reallocates such that the welfare cost of 
mitigation in developing countries is capped at a pre-determined level 
while global emissions meet the desired reduction target. Technically, 
implementing this scheme involves two components, one to deter-
mine the allowances needed by each participating developing country 
to achieve the distributional objective, and a second to scale back 
developed countries’ allowance allocation so that the overall global 
emissions reduction target remains fi xed. We apply this procedure by 
scaling back emissions allowances proportionally in each developed 
country; thus, the economic consequences depend on the original dis-
tribution of allowances.

Another potential outcome simulated for this chapter involves 
equating the welfare cost of mitigation in percentage terms across 
developed countries while again limiting costs in developing countries. 
To achieve this result we apply a second, global allowance- allocation 
instrument that starts from a global emissions reduction target and 
allocates the reduction requirement across individual countries in a 
way that meets both developed and developing country objectives. 
The technical implementation of this scheme in EPPA makes use of 
one endogenous instrument to allocate emission allowances among 
parties, and a second to ensure that the overall reduction target is 
exactly met.
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Reference projection and policy scenarios

A reference projection

Figure 24.1 shows reference projections for developed (Annex I) and 
developing (non-Annex I) parties. Estimates of abatement costs to 
meet a specifi c policy target depend strongly on the choice of baseline 
or “reference” case emissions levels. A decade or so ago, a reference 
projection that assumed no climate policy was considered a reason-
able “business-as-usual” scenario. We are moving into an era where 
some mitigation measures are already in place, so differences emerge 
between a reference case with no policy and a reference case that 
includes policies and measures already on the books. Where climate 
policies are explicit and underway, such as the European Union’s 
Emission Trading Scheme (EU ETS), or where national-level Kyoto 
commitments are in place, it is fairly clear that they should be consid-
ered for inclusion under a business-as-usual projection. If, however, 
the focus is on estimating the full cost of GHG mitigation, and calcu-
lating what carbon prices may be in the future, the analysis needs to 
start from a counterfactual or reference case absent the commitments 
and policies already in place. For purposes of this study, which aims 
to examine various scenarios of policy development, the appropri-
ate reference case for comparison is one without existing mitigation 
measures. Accordingly, our reference emissions projections do not 
include the effect of the EU ETS and other commitments made within 
or outside the Kyoto Protocol.5 Also, our measures of welfare cost 
include the infl uence of policies that have already been undertaken.

The reference projection developed for this analysis is similar to the 
one that underlies the EPPA-derived results in a multi-model study con-
ducted for the US Climate Change Science Program (US CCSP 2007). 
That study has emissions growing relatively rapidly through 2050, not 
unlike the central forecasts of the International Energy Agency (IEA) 
and the US Energy Information Administration (EIA). Its estimates 
of economic and emissions growth for the United States are closer 
to the EIA projections in 2007. In 2008, EIA revised its projection of 

5 Reference-case emissions for 2050 are shown in Figure 24.1 as totaling 83 
million metric tons CO2 equivalent (MtCO2-e). If existing commitments under 
the Kyoto protocol were taken into account, and maintained for 2008-2050, 
the 2050 projection would be reduced to 73 MtCO2-e.
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US economic  growth downward, leading to lower estimates of future 
energy use and emissions. Hence emissions growth in the developed-
country EPPA aggregate is somewhat more robust than other projec-
tions that either include emissions mitigation actions already on the 
books or have been subject to recent revision. On the other hand, 
projections for China from earlier this decade appear to be below the 
growth actually experienced in the past few years.6 All these projections 
are well within the range of uncertainty about future growth in emis-
sions to 2020 and even more clearly for 2050 (Webster et al. 2009).

Finally, all fuel and energy prices in EPPA are determined endog-
enously and so refl ect underlying long-term factors. The rapid increase 
in oil prices that occurred in recent years and appears to have peaked 
in 2008 is not simulated or refl ected in the model results. Since the 
model solves on a fi ve-year time step, 2008 is not a solution year; 

6 Analysis by Blanford et al. (2009) suggests that many modeling exercises under-
estimate the near-term rate of increase in China’s emissions. On the other hand, 
if the 2008–2009 global recession turns out to be deeper and/or longer than the 
experience of the past half-century would indicate (and thus deviate from the 
recessions already built into the growth assumptions that underlie this analysis), 
then welfare effects and fi nancial transfers could be somewhat smaller than 
calculated here.
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thus, the model cannot represent energy price volatility over days or 
months, or even interannually. That said, the EPPA model projects 
that oil prices, in the absence of climate policy, will nearly triple 
between 2005 and 2050—reaching about $145 per barrel (in 2005 
dollars) by mid-century. The model projections show oil prices rising 
gradually such that they do not exceed $100 per barrel until 2025.

Scenarios of allocation and compensation

This analysis considers seven scenarios, shown in Table 24.2, for an 
international agreement that either implicitly or explicitly allocates 
the economic cost of abatement. All the scenarios assume universal 
participation. The fi rst three apply simple rules, like fi xed percentage 
reductions for Annex I vs. non-Annex I parties (Case 1) and alloca-
tions based on population or ability to pay (Cases 2 and 3). Later we 
explore the implications of an agreement among developed countries 
to compensate developing countries for all costs associated with emis-
sions mitigation; we also consider different ways to distribute the 
burden of this responsibility. The fi nal two scenarios are designed to 
reveal the effects of only partly compensating developing countries—
the fi rst of these scenarios allows all countries to experience a welfare 
loss of up to 3 percent; the second compensates energy exporting 
countries for the direct costs of mitigation but does not compensate 
them for indirect costs (e.g., through terms-of-trade effects).

Several assumptions apply to all of these scenarios. First, emission 
caps are formulated to cover all GHG emissions and are relative to 2000 
emissions. Further, we assume that an effi cient cap-and-trade system 
within each country includes all sectors and all GHGs. In addition, all 
cases involve international emissions trading. The one category of activ-
ity that is not included is land use—either with respect to emissions or 
the possible enhancement of carbon sinks. In principle, creating incen-
tives for enhancing sinks could reduce policy costs, but an important 
contributor to abatement in our analysis is the use of cellulosic ethanol, 
which we credit as a zero-carbon fuel. Including land-use emissions 
would raise the cost of that abatement option even as it might lead 
to additional abatement opportunities through sink enhancement or 
avoided deforestation. Exactly how sinks and land-use emissions might 
be included in an international agreement is a critical topic identifi ed 
under the Bali Action Plan, but it is beyond the scope of this analysis.
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This analysis also does not investigate the implications if full partici-
pation is not achievable. It has been suggested that negotiations would 
be easier if fewer countries were involved so talks could focus on the 
larger developed economies and major developing-country emitters 
like China and India. Unfortunately, if only a few of the smaller devel-
oping countries are omitted the goal of reducing emissions 50 percent 
below 2000 levels becomes infeasible—in part because of emissions 
leakage to those outside the agreement.

Table 24.2 Scenarios of allocation and compensation

Allocation Rule

1. 30–70 2050 allocation with developed at 30 percent 
and developing at 70 percent of 2000 
emissions

2. Pop based Allocations based on share of 2000 
population

3. GDP based Allocations based on inverse share of year 
2000 GDP per capita

Full Compensation of Developing Countries

4. Full comp-equal alloc Full compensation of all costs in developing 
countries with developed countries given 
equal allowances as a percentage of their 
year 2000 emissions

5. Full comp-equal cost Full compensation of all costs in developing 
countries with developed bearing equal 
percentage costs

Partial Participation of Developing Countries

6. 3% cost cap Compensation so that no developing country 
region’s welfare costs exceeds 3 percent, 
with developed countries given equal 
allowances as a percentage of their year 
2000 emissions

7. Direct only Compensation to developing countries for 
the cost of their participation but not for 
the indirect costs of developed country 
mitigation through terms of trade effects

Note: All scenarios achieve the global goal of 50 percent reduction of emissions 
from 2000 levels by 2050, linearly falling from 2015.
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Results

Simple allocation rules

The fi rst three cases in Table 24.2 involve simple allocation rules 
derived from existing proposals for sharing the abatement burden 
among parties to a universal agreement. All three are intended to 
require greater effort by the developed Annex I countries and so they 
allocate a disproportionate share of allowances (relative to actual 
2000 emissions) to the non-Annex I developing countries. The 30–70 
scenario gradually reduces the allowances allocated to developed 
countries such that, by 2050, their allocation totals just 30 percent of 
their year 2000 emissions (thus implying a 70 percent reduction below 
2000 emissions). Willingness to assume a disproportionate share of 
the global 50 percent reduction goal can be seen as an offer implicitly 
put on the table by developed countries.7

Given this stringent level of control by developed countries a smaller 
abatement burden falls on developing countries: they are required to 
reduce emissions to 70 percent of 2000 levels by 2050 (thus implying a 
30 percent reduction below 2000 emissions). This non-Annex I result 
is independent of the projection of future emissions—rather, it simply 
refl ects the near equality of the year 2000 emissions of the two nation 
groups. Allocations over this time period are shown in Figure 24.1. 
With a trading system, a common global price for CO2-equivalent 
emissions will emerge, as shown in Figure 24.2. Actual emissions for 
developing and developed countries will not necessarily follow the 30 
percent and 70 percent reduction paths that form the basis for their 
respective allocations; instead future emissions will depend on where 
abatement actually occurs, which in turn will be determined by the 
market as fi rms take advantage of allowance trading to seek out the 
lowest-cost abatement options. To the extent that actual emissions 
diverge from the initial allocation there will be a corresponding fl ow 
of net fi nancial payments among countries.

7 Proposals for a national GHG policy in the US Congress, like the Waxman-
Markey-Warner bill, and targets suggested in a number of state initiatives, 
aim to cut GHG emissions by 70 or 80 percent in the 2050 timeframe. Similar 
proposals have been put forward in Europe—an example is the “Factor 4” 
proposal, which targets a four-fold reduction in emissions by 2050 and is sup-
ported by ministries of the French government.
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Generous though the 30–70 offer may appear, many developing coun-
tries would experience a larger percentage welfare loss ( approximately, 
the reduction in national consumption) than would developed coun-
tries, as shown in the fi rst column of Table 24.3. Among the non-Annex 
I parties, all but China experience welfare losses greater than does the 
United States, and most carry a larger cost burden in percentage terms 
than do the rest of the Annex I countries. The larger welfare costs 
among developing countries are largely a result of their more rapidly-
growing emissions. The use of a historical-year benchmark will, over 
time, impose tighter constraints on countries with more rapid emissions 
growth. This phenomenon is familiar from experience with the Kyoto 
Protocol, which imposed tighter constraints on countries like Canada 
and Australia that had rapidly growing emissions, while posing less of 
a challenge for Europe, where emissions were growing more slowly. In 
fact, relative to the benchmark year of 1990, emissions in the Former 
Soviet Union—principally in its largest component, Russia—have 
actually fallen. The United States and China see relatively small costs 
under a 30–70 rule because both use a substantial amount of coal for 
power generation and can achieve large emission reductions through 
the application of CO2 capture and storage. The United States also 
tends to gain through improvements in the terms of trade.

Notably, the large energy exporters—the Middle East (MES), Africa, 
Canada, Central and Latin America (LAM), and the Former Soviet 
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Table 24.3 Welfare effects in 2020 & 2050, universal participation 
(percent change from reference)

Allocation Rule Full Compensation

30–70
Pop 
based

GDP 
based

Full comp-
equal alloc

Full comp-
equal cost

2020
 Annex I
  USA   −0.1   −2.8   −3.7   −1.3 −1.9
  CAN   −2.7   −6.0   −5.9   −4.2 −1.9
  JPN   −0.2   −0.8   −1.5   −0.7 −1.9
  ANZ   −1.4   −4.9   −4.1   −3.0 −1.9
  EUR   −1.2   −2.3   −3.5   −2.1 −1.9
  EET    0.0   −5.0    5.4   −4.5 −1.9
  FSU   −2.0   −8.4   −6.7   −7.7 −1.9
 Non-Annex I
  MEX   −2.4   −2.9    1.2    0.0   0.0
  ASI   −0.4   −3.4   −5.0    0.0   0.0
  CHN   −0.1    5.3   −2.7    0.0   0.0
  IND   −4.9   20.9   39.0    0.0   0.0
  IDZ   −4.8    7.0   56.1    0.0   0.0
  AFR   −9.1    7.6   14.3    0.0   0.0
  MES −18.2 −21.6 −18.8    0.0   0.0
  LAM   −2.7   −1.7   −5.6    0.0   0.0
  ROW   −1.9   10.2   12.2    0.0   0.0
2050
 Annex I
  USA   −2.6   −5.5   −7.2   −7.4 −9.4
  CAN −11.8 −15.6 −16.0 −18.1 −9.4
  JPN   −2.6   −3.0   −4.3   −4.5 −9.4
  ANZ   −6.3 −10.0   −9.1 −12.5 −9.4
  EUR   −5.2   −6.3   −8.6   −8.9 −9.4
  EET   −8.5 −11.6    3.4 −25.0 −9.4
  FSU −21.6 −24.5 −22.5 −41.0 −9.4
 Non-Annex I
  MEX   −7.4 −11.2   −3.7    0.0   0.0
  ASI   −4.3 −11.0 −14.0    0.0   0.0
  CHN   −0.4    2.2   −7.7    0.0   0.0
  IND −11.4   21.0   48.9    0.0   0.0
  IDZ −15.8   −3.7   63.2    0.0   0.0
  AFR −28.5   −7.5    4.7    0.0   0.0
  MES −51.7 −61.0 −56.8    0.0   0.0
  LAM −12.2 −13.2 −20.0    0.0   0.0
  ROW   −9.8    5.1   10.2    0.0   0.0

Note: Entries in bold indicate pre-specifi ed welfare outcomes.
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Union (FSU)—suffer large losses, because GHG constraints change 
their terms of trade in the other direction. Welfare losses in the Middle 
East are dramatic—over 18 percent in 2020 rising to over 50 percent 
in 2050. This result is not surprising because the economies of this 
region are heavily dependent on oil production, and a stringent emis-
sions target extracts much of the rent associated with exploitation of 
their oil resources.

Table 24.4 shows the net fi nancial transfers between nations as 
allowances are redistributed through emissions trading, following the 
initial allocation, to refl ect an effi cient distribution of actual reduc-
tions. Results for the 30–70 case are provided in the fi rst column. The 
last line for 2020 and 2050, labeled “AnxI net,” is the total fi nancial 
fl ow to developing countries. A 30–70 allocation might be expected to 
always lead to net purchases of allowances by developed countries, cre-
ating a fl ow of revenue to developing countries to provide some of the 
fi nancial assistance agreed in international treaties. In fact, this “deal” 
actually results in some developing countries purchasing  allowances. 
The modeling results indicate that several non-Annex I  parties are pur-
chasing allowances in 2020, and Indonesia (IDZ) and Latin America 
are still net purchasers in 2050. Because of its ability to abate emissions 
from coal relatively inexpensively in this scenario, China is the largest 
seller of allowances, and those sales substantially offset its abatement 
costs. Interestingly, the Middle East (MES) is a net seller of allowances 
in 2050, but the revenue is not enough to overcome the direct costs of 
the policy and its unfavorable impact on the region’s terms of trade.

For comparison with this 30–70 case, two commonly-discussed 
alternatives are of interest. The fi rst refl ects the notion that all global 
citizens have an equal right to the absorptive capacity of the atmos-
phere—thus our population-based scenario allocates allowances in 
proportion to year 2000 population. Other proposals hold that a fair 
allocation of burden would be based on ability to pay. To investi-
gate the latter idea, we examine a GDP-based scenario that allocates 
according to the inverse of per capita GDP in the year 2000. This 
policy gives the most allowances to the poorest countries.8 Table  24.5 
(second and third columns) shows the distribution of allowances 

8 The share based on the inverse of per capita GDP (pcgdp) for region r is calcu-
lated by the formula: share(r) = (1/pcgdp(r))/sum(r, 1/pcgdp(r)). The underlying 
GTAP data base on which the EPPA model relies converts all economic data 
for all regions to US dollars using market exchange rates prevailing in the base 
year.
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Table 24.4 Net fi nancial transfers, 2000 US$ billions, resulting from 
allowance trade in 2020 & 2050, universal participation (+ is sale, − 
is purchase)

Allocation Rule Full Compensation

30–70
Pop 
based

GDP 
based

Full comp-
equal alloc

Full comp-
equal cost

2020
 Annex I
  USA   −30.3 −368.7   −483.5   −196.7   −264.5
  CAN    −2.7   −36.2     −36.4    −20.0      4.5
  JPN   −13.1   −47.4    −92.6    −44.8   −118.9
  ANZ    −5.2   −32.3    −29.2    −18.5      −8.8
  EUR   −12.3 −127.7   −270.1   −116.9    −86.3
  EET     8.6     −9.3    36.9     −9.9      3.2
  FSU    41.0   −27.1    −9.1    −26.7      44.6
 Non-Annex I
  MEX     0.1    −3.8    22.9      16.4      14.6
  ASI   −23.7   −87.9   −122.8    −13.8    −14.9
  CHN    69.4   222.5    26.7      73.9     74.4
  IND    10.1   232.7    439.7      51.8     52.3
  IDZ   −10.1     33.1    238.6      8.0      8.2
  AFR   −10.8   154.9    220.0      81.2     79.3
  MES   −32.3   −59.5    −40.2    119.4    116.5
  LAM    −0.8    23.6    −57.1      62.7     61.3
  ROW    12.2   133.1    156.0      33.9     34.4
 AnxI net    14.0   648.7    883.9    433.5    426.2

2050
 Annex I
  USA −179.6 −668.8 −1024.0 −1239.4 −1715.5
  CAN   −35.7  −87.2    −93.6   −148.8      2.1
  JPN −172.8 −187.3   −288.6   −358.6   −942.1
  ANZ   −30.1  −72.7    −70.3   −120.5    −78.6
  EUR −195.9 −299.9   −715.6   −866.1   −985.3
  EET    −9.1   −15.5    119.4   −146.9      7.1
  FSU   −44.2   −58.8      0.8   −434.3    299.9
 Non-Annex I
  MEX    31.5    −9.2     66.7    108.4    110.1
  ASI   130.5 −131.2   −241.3     355.8    363.8
  CHN   484.0   577.1      80.8    589.0    578.3
  IND    14.7   513.9   1056.3    176.4    189.5
  IDZ   −40.9    32.9    574.1      85.0     91.2
  AFR    43.4   373.1    609.7    543.0    558.7
  MES    77.4   −15.4      51.1     761.1    797.3
  LAM   −81.9 −158.6   −428.3     536.8    556.7
  ROW     8.6   207.6    302.9     159.1    167.0
 AnxI net   667.3 1390.3   2071.9   3314.6   3412.5



Table 24.5 Allowance allocations in 2020 & 2050 (% change 
relative to 2000 emissions)

Allocation Rule Full Compensation

30–70
Pop 
based

GDP 
based

Full comp-
equal alloc

Full comp-
equal cost

2020
 Annex I
  USA 80   20.5    1.7   49.3     37.3
  CAN 80   21.2   21.7   49.3     92.0
  JPN 80   48.4    8.1   49.3   −20.8
  ANZ 80   20.9   29.6   49.3    71.7
  EUR 80   44.2    3.6   49.3    57.7
  EET 80   49.1 110.1   49.3    67.7
  FSU 80   49.0   56.5   49.3    80.5
 Non-Annex I
  MEX 98   88.3 144.7 134.2   129.8
  ASI 98   56.5   33.3 104.4   103.6
  CHN 98 130.8   78.9   98.1    97.6
  IND 98 265.4 405.2 127.6   127.5
  IDZ 98 200.0 668.1 142.3   142.3
  AFR 98 219.2 266.9 168.1   165.8
  MES 98   71.0   92.3 263.8   259.6
  LAM 98 108.5   49.0 139.4   137.9
  ROW 98 193.1 211.0 114.4   114.1
  Global 89   89   89      89        89

2050
 Annex I
  USA 30   11.4    0.9   −8.3   −22.5
  CAN 30   11.8   12.0   −8.3    44.4
  JPN 30   26.8    4.5   −8.3 −113.4
  ANZ 30   11.6   16.4   −8.3    12.3
  EUR 30   24.5    2.0   −8.3   −12.3
  EET 30   27.2   61.0   −8.3    32.7
  FSU 30   27.1   31.3   −8.3    58.7
 Non-Annex I
  MEX 70   48.9   80.2 101.9    99.7
  ASI 70   31.3   18.4   96.8    94.9
  CHN 70   72.5   43.7   71.2    68.7
  IND 70 147.1 224.6   93.3    93.5
  IDZ 70 110.9 370.3 133.8   133.6
  AFR 70 121.5 147.9 143.3   141.3
  MES 70   39.4   51.1 238.6   234.8
  LAM 70   60.1   27.2 152.2   150.7
  ROW 70 107 117.0   95.1     94.6
  Global 50   50   50     50        50
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under these rules. All but a few developing countries receive a larger 
allocation than under a 30–70 rule (fi rst column), and as a general 
pattern this leads to large sales of allowances from non-Annex I to 
Annex I parties (shown in Table 24.4)—in other words, a population- 
or GDP-based allocation will short the developed countries to a much 
greater extent than will the 30–70 allocation.

For this reason, population or GDP-per-capita allocation rules 
also impose greater welfare costs on developed countries than does a 
30–70 rule, as seen in Table 24.3. Moreover, these simple rules have 
widely varying effects among developing-country regions. Welfare is 
improved in some regions, India and Indonesia most notably. There 
the scheme goes well beyond compensating for mitigation costs and 
turns the GHG mitigation policy into an instrument for global income 
redistribution. On the other hand these rules impose greater burdens 
on the Middle East exporters (MES); they also impose greater burdens 
on the higher-income Asian countries (ASI) and Latin America (LAM), 
albeit to a lesser extent. Also, which of the two rules is used makes a 
big difference for some regions. Indonesia realizes a large increase in 
welfare under the GDP-based allocation, but suffers a loss of nearly 
4 percent if the allocation is based on population. With such wildly 
different economic outcomes, these two proposals cannot be justifi ed 
on equity or responsibility grounds when they penalize some develop-
ing countries while redistributing sums to others that go well beyond 
compensating for mitigation costs. Indeed, one conclusion from these 
simulations is that no simple allocation formula can deal with the 
huge variation in circumstances among countries.

Another aspect of the burden-sharing issue, which can be seen even 
in the context of these simple rules, is the effect of the allocation on 
allowance price. Given the assumption of global emissions trading one 
might expect allowance prices to be unaffected by the allocation rule 
as long as the global constraint remains the same. In fact, as shown 
in Figure 24.2, the variation in allowance prices under different allo-
cation rules is surprisingly large. In 2020, the GDP-based scenario 
results in a price of more than $8 per ton CO2 (tCO2)—this is 10 
percent higher than the projected allowance price in the 30–70 case. 
By 2050 the difference in allowance prices is still most pronounced 
for these two cases—in fact, by mid-century it has risen to $82 per 
ton, a 23 percent difference. This result is due to a differential income 
effect in developing vs. developed countries. The GDP-based case 
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leads, especially in later years, to large income transfers to developing 
countries. Higher income in developing countries spurs an increase in 
fuel consumption to a degree that exceeds the reduction in fuel use 
expected as a result of income losses in developed countries. Thus, an 
interesting indirect effect of this particular equity-driven proposal is 
that it actually raises the marginal cost of abatement, thereby making 
it more expensive to achieve the overall global objective than a partial 
equilibrium analysis would indicate.

The economic impacts modeled for this study, particularly among 
developing countries (and developed energy exporters) may appear 
large compared with the global cost estimates in the literature. For 
example, the IPCC has surveyed studies of the global macroeconomic 
cost of achieving a target level of atmospheric GHG stabilization at 
445–535 parts per million (ppm) CO2-e. It fi nds that the range of 
estimates for expected GDP loss lies below 3 percent in 2030 and 
below 5.5 percent in 2050 (IPCC 2007, Tables SPM.5 and SPM.6), 
substantially  below our estimates. One obvious difference is that we 
estimate costs in welfare terms (lost consumption) rather than GDP. 
While there are some important technical differences between these 
measures, at the level of this discussion they are broadly comparable. 
Several other factors help to explain the difference. First, many studies 
do not include targets as tight as those proposed by the G8: some of 
the most aggressive mitigation scenarios in the recent literature achieve 
reductions equal to just one-third below 2000 levels by 2050. Also, 
the literature includes some older scenarios that signifi cantly underes-
timate the actual emissions growth that occurred over the years since 
the analyses were done—further, our analysis cannot take account of 
the benefi t of these intervening years and start a mitigation program in 
2000 or 2005. And, of course, much of the work reports global average 
cost (or the results of individual country studies) and thus fails to deal 
with the complex issue of dividing up the global mitigation burden.

A factor that also contributes to higher costs in developing countries 
is the fact that energy is a larger share of GDP than in developed regions; 
in addition, some developing countries have large emissions of non-CO2 
GHGs from agriculture that are diffi cult to control. As a result, their 
mitigation costs are larger as a share of the overall economy than is 
the case in richer nations. Abatement costs, in absolute terms, are not 
necessarily larger in developing countries (our model assumes they have 
access to the same technology as developed countries), but because these 
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countries are poorer abatement costs constitute a larger share of their 
income. Also, the developing economies are growing relatively rapidly 
in the EPPA reference case; moreover many of them are in the midst 
of a structural transition that involves energy-intensive infrastructure 
development, increased consumption of energy-using goods or services 
(more automobiles, air conditioning, appliances, etc.), and the replace-
ment of traditional fuels such as fi rewood with commercial fuels.

Allocations that fully compensate developing countries

Scenarios 4 and 5, summarized in Table 24.2, are designed to achieve 
the same 50 percent global emissions reduction target, again with uni-
versal participation, but they include provisions to protect  developing 
 countries from “the impact of the implementation of response  measures,” 
as required under the UNFCCC. Here the “impact” to be avoided is 
defi ned in terms of the welfare cost in Table 24.3 (that is, in terms of 
the expected loss in national consumption). The two cases differ accord-
ing to how they allocate burdens among the developed nations: in the 
equal allocation case, each developed country gets an equal fraction of 
its year 2000 emissions, whereas in the equal cost case, the allocation is 
set to impose the same welfare burden on each developed country. The 
allowance price paths for these two cases lie between the population-
based and GDP-based scenarios in Figure 24.2, indicating the relative 
infl uence of the income effect from fi nancial transfers associated with 
allowance trading and the differential effect of these fi nancial transfers 
on the rates of growth in more- and less-developed regions.

The analysis assumes that allowance allocation is the instrument 
used to achieve equity goals. With the model we determine just that 
allocation that would, in each year, leave the non-Annex I parties 
with zero welfare cost.9 In the equal allocation case the Annex I 
parties take an equal proportional reduction from year 2000 emis-
sions. The resulting allocations for 2020 and 2050 are shown in 
the fourth column of Table 24.5. While the notion of differential 

9 Such a calculation can be done within a model setting. Applying the same cal-
culation in the context of real negotiations is problematic because one needs to 
rely on a projection of reference emissions and costs. Agreeing on the particulars 
of such a projection would obviously be a highly contentious issue, even if the 
principle of compensation were fully accepted by some group of developed 
countries.
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 responsibilities between developed and developing countries is a 
key principle in international negotiations, individual national cir-
cumstances also fi gured into the negotiation of commitments under 
the Kyoto Protocol, which applied emission reduction targets only 
to developed regions. If each developed country is responsible for 
providing compensation in proportion to its reference emissions (the 
equal allocation case) strong differences emerge between countries, 
particularly in later decades of the period studied. Developed coun-
tries would need to set a target for themselves that is more on the 
order of a 49 percent reduction in 2020, as shown in Table 24.5. In 
2050, moreover, each developed country would start not with a posi-
tive allocation but with an allowance defi cit equal to 8.3 percent of 
its 2000 emissions (shown here as an allocation of −8.3 percent). The 
idea of a negative allocation may seem odd, but in a trading system 
the idea is not that the developed countries would achieve negative 
emissions. Rather, they would be required to purchase allowances for 
all of their emissions plus an additional quantity of allowances equal 
to 8.3 percent of their 2000 emissions levels.

One way to view the burden on Annex I parties under the equal-
allocation scheme is to break down the aggregate welfare cost by 
separating the direct cost of emissions reductions plus terms-of-trade 
effects from the cost of allowance transfers to non-Annex I parties. 
The results of this disaggregation for 2020 and 2050 are shown in 
the left-hand columns of Table 24.6: there, the sum of direct cost and 
terms-of-trade effects (denoted Direct+ToT) and allowance transfers 
equals the total welfare cost of the full compensation–equal alloca-
tion case in Table 24.3. For example, the estimated welfare cost to 
the United States of 7.4 percent in 2050 is comprised of direct cost 
plus gains from terms of trade totaling a net cost of 2.5 percent, plus 
an additional 4.9 percent loss attributable to fi nancial transfers to 
developing countries as a result of allowance trading. Note that direct 
costs differ somewhat under the two compensation schemes—this dif-
ference is due to income effects.

Under a full compensation–equal allocation agreement the energy 
exporting countries in Annex I would bear heavy welfare costs, as can 
be seen in Tables 24.3 and 24.6, with the economic burden falling dis-
proportionately on Canada and the Former Soviet Union (FSU). The 
poorer of the developed regions—Eastern Europe (EET) and again the 
FSU—also face high costs as a percent of GDP compared with richer 
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countries such as the United States and Japan. Nevertheless, costs for 
Japan, because it is so energy- and GHG-effi cient per dollar of GDP, 
remain a very small percent of GDP in any allocation scheme based on 
present emissions.

In the full compensation–equal cost case allowances are allocated 
so that an equal welfare burden is imposed on all Annex I parties. As 
can be seen in the far right column of Table 24.5, this leads to similar 
allocations among the non-Annex I parties but very different alloca-
tions to Annex I countries. Table 24.3 shows that the bottom-line 
average cost of this approach to developed countries totals 1.9 percent 
in 2020, rising to 9.4 percent by 2050. Again, the breakdown of costs 
to Annex I parties is shown in Table 24.6.

A striking result in the full compensation–equal cost scenario is the 
large negative allowance allocation it implies for Japan: -113 percent 
of 2000 emissions in 2050 (Table 24.5). Again, this result refl ects 
Japan’s relatively low level of GHG emissions given the size of its 
economy. In a sense, if a fair rule is thought to be based on income 
levels, then GDP or GDP per capita is the direct measure we should 
use for dividing up responsibility. Benchmarking the allocation to 
historical emissions means we are using past emissions as a proxy 
for GDP. But if economies have very different GHG intensities, then 
emissions are a very poor proxy for GDP, and the differentiation of 

Table 24.6 Breakdown of welfare effects on Annex I parties of full 
compensation (% change from reference level)

2020 2050

Full comp-
equal alloc

Full comp-
equal cost

Full comp-
equal alloc

Full comp-
equal cost

Direct +
ToT Transfers

Direct +
ToT Transfers

Direct +
ToT Transfers

Direct +
ToT Transfers

USA   0.4 −1.7   0.4 −2.3   −2.5  −4.9  −2.6 −6.8
CAN −1.9 −2.3 −2.4   0.5 −10.4  −7.7   −9.5   0.1
JPN   0.3 −1.0   0.7 −2.6   −1.2   −3.3  −0.7 −8.7
ANZ −0.2 −2.8 −0.6 −1.3   −4.6  −7.9   −4.3 −5.1
EUR −1.0 −1.1 −1.1 −0.8   −5.0  −3.9  −5.0 −4.4
EET −2.1 −2.4 −2.7   0.8 −10.7 −14.3 −10.1   0.7
FSU −4.9 −2.8 −6.6  4.7 −23.5 −17.5 −21.5  12.1
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burdens under an allocation based on historical emissions must be 
very large. Thus, for Japan to bear an equal share of the cost burden 
of compensating developing countries for their mitigation costs, its 
allowance allocation in 2050 must be nearly 200 percent below its 
year 2000 emissions.10

If the initial allocation is as assumed in these last two cases, where 
fi nancial transfers from allowance trading provide the mechanism for 
compensating developing countries, then the net transfers from and to 
each EPPA region as a result of the purchase and sale of allowances 
are as shown in the two right-most columns of Table 24.4. With full 
compensation, the total net fl ow of funds (in the form of allowance 
sales) from the developed to the developing countries is over $400 
billion in 2020 and reaches over $3 trillion (annually) in 2050. The 
largest recipient region is the MES, accounting for nearly one-quarter 
of the total.

We can put these fl ows in perspective. If they are viewed as aid to 
developing countries then one comparison is to Offi cial Development 
Assistance (ODA). In recent years, ODA transfers have totaled 
about $80 billion per year. So relative to current ODA levels, these 
allowance transfers imply a fi ve-fold increase in assistance by 2020 
and a nearly forty-fold increase by 2050. Transfers under a global 
climate policy might also be compared to current market fl ows—as 
allowance purchases will add to developed countries’ import bill. To 
maintain current trade balances, countries that import allowances or 
permits will need to offset these purchases by reducing other imports 
or increasing exports. US exports totaled about $120–$155 billion 
per month in 2007–2008. Assuming US exports maintain the same 
relation to (projected) GNP, they would be expected to rise to $175–
$225 billion per month in 2020 and $385–$500 billion in 2050. To 
offset projected allowance purchases in those years and maintain its 
current trade balance (taking the full compensation-equal cost case 
as an example), the United States would need to increase exports by 
10–13 percent in 2020 and 29–37 percent in 2050.

10 This rule for dividing up compensation costs is mostly about sharing the burden 
of mitigation costs in the poorer countries and so the size of the economy is 
a relevant measure. When it comes to compensating developing countries for 
adaptation or damage costs, a case can be made that Japan should not bear such 
a large share of the burden because its low emissions mean that Japan is not 
responsible for as much of the damage.
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Allocations that partly compensate developing countries

Allocations that fully cover all developing-country costs likely repre-
sent an extreme interpretation of the principle of “common but dif-
ferentiated responsibilities” in the context of an international climate 
agreement. Therefore it is useful to look at scenarios where some costs 
go uncompensated. For this analysis we explore the implications of 
an agreement under which developing countries accept some level of 
uncompensated welfare cost—in this case 3 percent. We also consider 
a case where developing countries are compensated for the direct costs 
of emissions mitigation but not for losses, mainly through terms-of-
trade effects, resulting from mitigation actions by developed countries. 
Estimated allowance prices for these cases are not substantially differ-
ent from the full compensation–equal allocation case in Figure 24.2.

Table 24.7 presents estimated welfare effects in the case where 
developing country costs are held to a maximum welfare loss of 3 
percent (this case is denoted 3% cost cap in the table). In 2020, the 
compensation cap is not yet binding on several of the developing 
countries (that is, welfare losses from the policy are below 3 percent), 
but by 2050 it constrains the welfare loss on all developing countries 
with the exception of China. A policy that only partly compensates 
developing countries is obviously less costly to developed countries 
than one that offers full compensation. The savings to Annex I regions 
can be seen by comparing welfare costs in Table 24.7 to those for the 
full compensation–equal allocation case in Table 24.3. The compari-
son reveals that partial compensation substantially reduces welfare 
costs to developed countries: for example, the welfare cost to the 
United States in 2020 drops from 1.3 percent to 0.7 percent, while 
the estimated cost in 2050 is reduced from 7.4 percent to 6.5 percent. 
Though the cost difference is smaller in percentage terms in 2050 
than it is in 2020, it is larger in absolute value given the growth in the 
overall US economy projected by mid-century. Partial compensation 
provides similar cost savings to other Annex I regions. Overall, fi nan-
cial transfers to non-Annex I parties are reduced by about $200 billion 
in 2020, and by more than $500 billion in 2050.

The other potential partial-compensation case we explore would 
exclude compensation for the indirect costs of developed-country actions, 
an issue which has generally been debated separately from incentives for 
participation. The welfare results for this case, denoted as direct only, 
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are shown in Table 24.7. To generate these estimates we fi rst simulate a 
case where only the Annex I regions undertake reductions, meeting the 
allocation of the 30–70 case. (The actions of developing countries will 
also result in some indirect costs, but this more limited calculation is a 
good way to get a feel for the magnitude of the indirect cost of developed 
country actions.) The welfare consequences of this Annex I-only policy 
scenario are shown in parentheses in the table. Previous studies of this 
issue (e.g., Babiker, Reilly, and Jacoby 2000) have shown that by far the 
main indirect effect is on the oil exporting regions. Therefore we focus 
on those regions in the EPPA aggregation that capture a good deal of this 
effect: the Middle East (MES), Africa (AFR), Indonesia (IDZ), Mexico 
(MEX), and Latin America (LAM). These regions or countries experi-
ence estimated welfare losses of 5.4 percent, 2.1 percent, 0.6 percent, 0.5 

Table 24.7 Welfare effects in 2020 and 2050, partial compensation 
(percent from reference)

2020 2050

3% Cost cap Direct only 3% Cost cap Direct only

Annex I
 USA −0.7 −1.1 (−0.3)   −6.5  −7.1 (−3.0)
 CAN −3.5 −3.9 (−1.8) −16.8 −17.6 (−10.3)
 JPN −0.5 −0.6 (−0.4)   −4.1  −4.3 (−4.5)
 ANZ −2.3 −2.7 (−1.3) −11.3 −12.0 (−7.9)
 EUR −1.7 −1.9 (−1.2)   −8.1  −8.6 (−7.4)
 EET −2.3 −3.6 (−0.8) −21.7 −23.9 (−9.5)
 FSU −4.9 −6.5 (−1.1) −37.0 −39.7 (−15.2)
Non-Annex I
 MEX −2.3 −0.5 (−0.5)   −3.0   0.0 (1.0)
 ASI −0.5   0.0 (0.5)   −3.0   0.0 (1.2)
 CHN −0.1   0.0 (0.1)    0.1   0.0 (0.8)
 IND −3.0   0.0 (0.8)   −3.0   0.0 (5.5)
 IDZ −3.0 −0.6 (−0.6)   −3.0   0.0 (0.9)
 AFR −3.0 −2.1 (−2.1)   −3.0  −0.6 (−0.6)
 MES −3.0 −5.4 (−5.4)   −3.0  −9.0 (−9.0)
 LAM −2.6 −0.4 (−0.4)   −3.0  −0.1 (−0.1)
 ROW −1.9   0.0 (0.6)   −3.0   0.0 (7.7)

Note: Entries in bold indicate pre-specifi ed welfare outcomes.
Figures in parentheses are the welfare effects of when Annex I countries only pursue 
the cut, showing gains in some non-Annex I regions. The pre-specifi ed losses are 
those welfare losses from the Annex I only policy that are not compensated.
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percent, and 0.4 percent respectively even in a scenario where they face 
no direct mitigation  obligations—in other words, these welfare losses are 
solely attributable to the indirect effects of actions undertaken by Annex 
I nations. Comparing this scenario to one where all countries undertake 
mitigation actions, we offer compensation to developing countries only 
to the extent that their welfare costs under the full-participation scenario 
exceed their costs under the Annex I-only scenario. The effect of this 
approach is to compensate developing countries only for their direct 
mitigation costs, excluding losses that arise from the indirect effects of 
mitigation actions undertaken by developed countries (such as actions 
that reduce developed countries’ demand for oil). Compensating devel-
oping countries for their direct mitigation costs only would lower the 
welfare cost of the policy to Annex I parties somewhat, as can be seen 
by comparing the results in Table 24.7 with the fi gures for full compen-
sation–equal allocation in Table 24.3. The welfare loss experienced by 
the United States, for example, would fall from 1.3 percent to 1.1 percent 
in 2020 and from 7.4 percent to 6.5 percent in 2050. Interestingly, the 
uncompensated indirect welfare loss to the Middle East is larger than 
the cost to all parties or regions except Former Soviet Union (FSU) in 
2020, and it remains larger than the cost to the United States, Europe, 
and Japan in 2050. Compared to the case where all developing countries 
are fully compensated for all costs, annual fi nancial transfers from these 
three regions, if indirect effects are not compensated, are lower by $77 
billion in 2020 and $108 billion in 2050.

Conclusions

The G8 has proposed, as a global goal, reducing GHG emissions 50 
percent by 2050, though the proposal does not provide detail on how 
this would be accomplished, nor does it even specify the base year to 
which the percentage reduction applies. For purposes of this analy-
sis, we have represented the G8 goal as a reduction from year 2000 
emissions, which is between the Kyoto benchmark year of 1990 and 
the 2005 benchmark years in some US climate proposals. Whatever 
specifi c target emerges in international negotiations, there is a general 
sense that developed countries will assume a disproportionate share 
of the global reduction burden. In line with that expectation, recent 
federal and state legislative initiatives in the United States and pro-
posals from a number of other developed countries have included 
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 domestic reduction targets on the order of 70–80 percent by mid-cen-
tury. Assuming that abatement commitments are extended to include 
developing countries and that the global goal remains a 50 percent 
reduction from year 2000 emissions by mid-century, this implies 
that developing countries would be required to achieve a roughly 30 
percent reduction below their 2000 emissions in the same timeframe. 
While this 30–70 proposal for dividing the abatement burden may 
appear to constitute a generous offer from the developed countries, it 
turns out that it would result in some developing countries making net 
purchases of allowances from the developed countries, in effect par-
tially compensating richer countries for their mitigation efforts. This 
is contrary to the equity principles articulated in existing international 
climate agreements and in the Bali Action Plan.

Other allocation proposals advanced by developing countries would 
distribute allowances on an equal per capita basis or in inverse propor-
tion to GDP per capita. Either of these approaches would shift costs 
toward the richer countries but would also raise other diffi culties. For 
example, some developing countries would realize large net benefi ts 
that go well beyond the costs they can expect to incur for GHG miti-
gation, while for other developing countries a population- or GDP-
based allocation would be less advantageous (i.e., more costly) than a 
simpler 30–70 allocation. In addition, this analysis fi nds that the use 
of population or GDP as a basis for allocation would result in highly 
divergent cost impacts among the Annex I countries.

One perhaps not surprising conclusion from this analysis, therefore, 
is that simple rules for distributing the overall abatement burden are 
incapable of dealing with the highly varying circumstances of different 
countries. Sometimes the results are peculiarly perverse, with richer 
countries faring very well while poorer ones bear particularly large 
costs. Moreover, even among developed countries, simple allocation 
rules can lead to differences in relative cost burdens that likely are 
unacceptable as well. Further discussion of these simple rules thus 
seems a waste of time, for they likely will generate little support, even 
as a starting point for negotiations between the G8 and the G77 that 
might eventually lead to a middle-ground compromise.

A second point highlighted by these simulations is that reducing 
global emissions 50 percent below 2000 levels by mid-century is a 
very ambitious goal. If it could be attained and sustained beyond 2050 
there would be a good chance of keeping atmospheric CO2 concen-
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trations below 450 ppm, which—combined with reductions in other 
types of GHGs—might limit long-term radiative forcing to around 3.4 
Watts per square meter (W/m2) (US CCSP 2007). This in turn would 
yield something like 50-50 odds that global average temperature rise 
could be kept within the 2°C range—consistent with the underlying 
policy target endorsed by several European governments and envi-
ronmental groups. Absent near-universal participation, however, a 
50 percent global emissions reduction goal is not achievable given our 
projection of economic growth in various regions and the potential 
for emissions leakage if some regions do not take part. Even if all 
nations take on commitments, however, there are substantial costs to 
be shared, and meeting a global target at this level of stringency will 
require a complex web of transfers to share the burden.

Two interacting equity concerns would have to be dealt with to 
have any hope of meeting the 50 percent reduction goal. First, incen-
tives and compensation for developing country participation will be 
required; moreover, the fact that these fi nancial transfers will have 
income effects increases the magnitude of the task. No one really 
expects developing countries to bear the full burden of achieving 
their own reductions. But easing the burden on developing countries 
substantially increases the costs imposed on developed countries, so 
an acceptable sharing of the burden among richer nations will also be 
essential. The policy scenario designed to explore this possibility in our 
study is the full compensation–equal cost case, which holds the welfare 
costs imposed on non-Annex I parties to zero while imposing an equal 
welfare cost on all the Annex I parties. This case is perfect in its com-
pensation and burden-sharing features—but, perhaps in part for this 
reason, it is also unlikely to emerge from international negotiations. 
Still, this scenario does give an impression of the challenge implicit in 
solving equity problems while simultaneously minimizing costs.

Even under this ideal agreement the welfare costs imposed on devel-
oped countries are substantial: around 2 percent in 2020 rising to a 
bit less than 10 percent in 2050.11 In addition, this approach would 
result in large international fi nancial transfers, modeled here as allow-
ance fl ows from emissions trading. We estimate that the net transfer to 

11 To put these costs in context, under this policy US welfare increases by 62 
percent between 2005 and 2020 (and by 222 percent between 2005 and 2050), 
rather than 65 percent and 255 percent, respectively, under the reference case.
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developing countries ranges from nearly $500 billion per year in 2020 
to over $3 trillion per year in 2050. Implied transfers from the United 
States alone total more than $1 trillion in 2050, though in 2020 the 
total is only around $200 billion.

Of course, it is an extreme assumption that developing countries will 
demand complete compensation. If, as is more likely, they are willing 
to bear some costs, then the welfare burden on the developed coun-
tries is reduced, along with implied fi nancial transfers. The burden is 
further reduced if rich countries cover only the direct mitigation costs 
incurred by developing countries and not other losses associated with 
the policy, such as losses that might come from terms-of-trade effects. 
Even with less than full compensation, however, the welfare burden 
on the developed countries remains substantial, and the scale of the 
implied international fi nancial transfers remains unprecedented.

Naturally, all these projections are subject to uncertainty. The task 
could turn out to be easier than our analysis suggests. Global growth 
could be lower than projected. If oil prices turn out to be higher than 
assumed in our analysis, this would take some pressure off the required 
CO2 price and mitigation effort, as would a breakthrough agreement 
on forest destruction and degradation. Technological change could be 
more rapid than represented in the EPPA model, lowering mitigation 
costs. On the other hand, many features of these simulations could 
turn out to be optimistic, especially as regards the ease of emissions 
control. Growth, oil prices, and technological change could be less 
favorable than we assume. Importantly, the model assumes that CO2 
capture and storage technology will be demonstrated and the needed 
regulatory structure will be put in place, so that this abatement option 
can begin to take market share in 2020. Based on recent history this 
assumption is questionable. Also, a model like EPPA implements 
mitigation in cost-minimizing ways, equalizing reduction costs at the 
margin across all sources. In practice, domestic policies and interna-
tional agreements are messier and less effi cient than the calculation 
implies, leading to higher costs. On balance, then, we believe the 
results shown here provide a sound basis for forming judgments about 
the challenge of meeting targets like the one the G8 has proposed.

Negotiations on a post-2012 agreement will be diffi cult. New evi-
dence as described in recent IPCC reports and elsewhere suggests that 
the risks of climate change are more serious than previously thought, 
and robust economic growth, especially in developing countries, has 
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spurred growth in energy use and emissions over the past decade at rates 
faster than was previously projected. Economic growth is a good thing, 
especially for developing countries, but the evidence on growth, energy 
use, and emissions suggests that the belief that emissions growth could 
naturally or easily be decoupled from economic growth were highly 
optimistic. A recent MIT analysis also confi rms that, absent a strong 
policy response, the climate change risk is great (Sokolov et al. 2009).

The G8 countries, spurred by scientifi c evidence that points to greater 
climate risks, have called for an aggressive global emissions goal. The 
Bali Action Plan and previous climate change agreements provide a 
framework for discussing developing country participation, including 
solutions that involve the developed countries providing incentives for 
participation and perhaps compensation for other costs of a global 
effort. These transfers could come in different guises, but it would seem 
the magnitude of the incentives offered must be on the scale of the miti-
gation costs that would be borne by developing countries in achieving 
their own reductions. Putting all these things together suggests not only 
that there will need to be an increased willingness on all sides to reach 
agreement, but also that the selection of targets in recent proposals is 
not well conditioned by an understanding of the complexities involved 
in fi nding a mutually acceptable way to share the economic burden.
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25 When technology and 
climate policy meet: energy 
technology in an international 
policy context
Leon Clarke, Kate Calvin, 
Jae Edmonds, Pae Kyle, 
and Marshall Wise 1

Introduction

International efforts to stabilize atmospheric greenhouse gas (GHG) 
concentrations will ultimately rest on two pillars of climate policy: (1) 
the architecture and stringency of international agreements to reduce 
emissions and (2) efforts to speed the development and diffusion of 
climate-friendly technology. Although emissions mitigation writ large 
is the central focus of international climate negotiations, technology 
deployment is a primary means of achieving emissions reductions. The 
development of cheaper and more effective technologies will be critical 
for reducing costs and increasing the social and political viability of 
deep and widespread emissions reductions. Hence, it is important to 
understand the international context in which new technologies might 
be used to achieve mitigation and the implications of technological 
improvements for policy-relevant issues such as regional mitigation 
costs, the evolution of regional energy systems, and the associated like-
lihood and extent of national and international mitigation actions.

One avenue for exploring these issues is to conduct experiments using 
long-term, global, energy-economy-climate models. This is the approach 
used in this chapter. Although there is an extensive literature that explores 
international policy issues and technology issues individually using these 

1 The authors are researchers at the Pacifi c Northwest National Laboratory’s Joint 
Global Change Research Institute (JGCRI), a collaboration with the University 
of Maryland at College Park. The authors are grateful to the US Department 
of Energy and the Electric Power Research Institute for research support and to 
an anonymous reviewer for helpful comments on an earlier draft. The opinions 
expressed here are the authors’ alone.
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models, efforts to explore these issues in tandem are more recent. One set 
of authors has focused on the interaction between international policy 
and the rate or direction of technological change, building on a recent 
tradition of incorporating stylistic representations of technological 
change in formal energy-economy models (see, for example, Goulder 
and Schneider 1999; Goulder and Mathai 2000; Nordhaus 2002; Popp 
2004; Manne and Richels 2002; Messner 1997). For example, Bosetti 
et al. (2007) and Bosetti et al. (2008), use the WITCH model, which 
includes endogenous representations of technological change, including 
international spillovers, to explore the interactions between interna-
tional policy architectures and technological change.2

A second avenue of research explores the interactions between 
international policy and technology availability, as opposed to the 
rate and direction of technological change, without commenting on 
the sources of technological change or the costs of bringing about 
technological change. This approach builds on a long line of research 
that has explored the relative benefi ts and characteristics of various 
exogenous portfolios of technology developments (e.g., Clarke et al. 
2008b; Clarke et al. 2007a; Edmonds et al. 2007; GTSP 2000; IEA 
2008), often for use in research and development (R&D) planning 
activities, and to inform broader discussions on the role of technol-
ogy in addressing climate change more generally (Pacala and Socolow 
2004; Hoffert et al. 2002). For example, Richels et al. (2007) explore 
the value of technology in an ineffi cient international context by con-
sidering fi rst-best and second-best policy structures under two sets of 
exogenous technology assumptions: one that limits the deployment 
of nuclear power and another that limits the deployment of carbon 
capture and storage (CCS) technology.

This chapter follows the path set out in Richels et al. (2007). The 
technologically-detailed MiniCAM integrated assessment model (Kim 
et al. 2006; Clarke et al. 2007a; Clarke et al. 2008b) was used to 
create eight climate action scenarios based on four possible exogenous 

2 In general, these representations of technological change have remained 
highly stylistic because the processes of technological advance are enormously 
complex, context specifi c, and highly resistant to the sorts of simplifi cations 
needed to incorporate them into formal economic models (see, for example, 
Grubb et al. 2002; Clarke and Weyant 2002; Loschel 2002; Clarke et al. 2006; 
and Clarke et al. 2008a for discussions about capturing endogenous techno-
logical change in formal energy–economy models).
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technology futures and two possibilities for international mitigation: 
full global participation and delayed participation by developing 
regions. All scenarios lead to a target atmospheric carbon dioxide 
(CO2) concentration of 500 parts per million by volume (ppmv) in 
2095. These scenarios provide a window into issues surrounding the 
national and international benefi ts of new technologies, the regional 
distribution of technology deployment, and the interactions between 
technology availability and regional mitigation actions.

With regard to the value of technological developments, these 
scenarios support the argument that the global benefi ts of new and 
improved technologies are probably larger when international partici-
pation is incomplete. Further, developed regions benefi t disproportion-
ately because more of the abatement burden falls on them, particularly 
in the near term, if participation by developing regions is delayed.

The scenarios in this study also reinforce the importance of tech-
nology diffusion in evaluating national R&D and other technology 
development programs. The mitigation cost benefi ts of technology 
development investments (e.g., R&D investments) in individual regions 
are strongly linked to the ability to deploy these technologies interna-
tionally. By accelerating technology diffusion, the likelihood and 
extent of international mitigation actions is increased, reducing the 
abatement burden on the countries that developed the technology. This 
perspective on the indirect value of investments in technology develop-
ment is important; many analyses of the mitigation benefi ts that accrue 
to domestic R&D expenditures look only at reductions in the domestic 
cost of mitigation for a given, invariant national emissions pathway.

This analysis also supports the assertion that there are a range of 
near-term technology-related actions in developing regions—actions 
that are not formally tied to emissions mitigation—that could be 
seen to constitute near-term action in a global climate regime. 
Many climate-friendly technologies provide benefi ts even absent 
climate change concerns and might therefore be deployed for non-
climate reasons. Improved energy end-use technologies; advances in 
nuclear power that alleviate concerns over waste, safety, or prolif-
eration; and improvements in the cost and performance of renew-
able energy technologies such as wind and solar power fall into this 
category. Under the scenarios that assume delayed climate action by 
 developing  countries, increased deployment of these technologies 
leads to  near-term mitigation.
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Finally, the scenarios help elucidate the relationship between 
near-term abatement and expectations about technology availability 
in the long run. In particular, the scenarios highlight the interac-
tions between mitigation technologies such as bioenergy with CCS 
that could be used in the long term to achieve negative emissions 
and global emissions pathways in which concentrations temporar-
ily exceed long-term targets (“overshoot” pathways). Overshoot 
pathways are benefi cial because they expand the range of very low 
concentration targets that are feasible, and the availability of nega-
tive emissions technologies increases the degree of overshoot that 
is possible. On the other hand, overshoot pathways are troubling 
because they lead to concentrations that exceed, at least for some 
period of time, the concentration target to be achieved at a later 
date. They are therefore associated with potentially greater environ-
mental damage than pathways in which concentrations never exceed 
the long-term target. In addition, allowing emissions to follow an 
overshoot pathway in the near term leaves open the possibility that 
once the concentration target is exceeded, the necessarily steeper 
emissions declines required later in the century to reach the target 
may never materialize.

The remainder of this chapter proceeds as follows. The next section 
discusses the approach to the analysis and provides background on 
important issues that infl uence this approach. Subsequent sections 
discuss the implications of technology development and international 
participation in terms of emissions and concentrations, the relation-
ship between near-term mitigation and technology deployment, and 
the uncertain character of future global and national energy systems. 
The last two sections discuss the value of technology availability in 
reducing mitigation costs and provide a brief summary and several 
closing thoughts.

Approach

The scenarios in this chapter are constructed using the MiniCAM 
integrated assessment model. They combine four alternative sets—or 
“suites”—of assumptions concerning technology evolution over the 
course of the century with two alternative hypothetical international 
policy architectures, both of which aim to limit the atmospheric con-
centration of CO2 to 500 ppmv in the year 2095.
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MiniCAM

MiniCAM (Brenkert et al. 2003; Kim et al. 2006) combines a 
 technologically detailed global energy-economy-agriculture-land-use 
model with a suite of coupled gas-cycle, climate, and ice-melt models, 
integrated in the Model for the Assessment of Greenhouse-Gas 
Induced Climate Change (MAGICC). MiniCAM is directly descended 
from a model developed by Edmonds and Reilly (1985).

MiniCAM is a global, partial equilibrium model disaggregated into 
fourteen geopolitical regions. Energy, agriculture, forestry, and land 
markets are integrated with representations of unmanaged ecosystems 
and the terrestrial carbon cycle. MiniCAM thus produces outputs that 
include not only emissions of fi fteen GHGs and aerosols but also agri-
cultural prices, land use, and stocks of terrestrial carbon. The model 
does not attempt to address international trade in goods and services 
other than energy and agriculture and does not consider bilateral 
trade issues.

MiniCAM is solved on a fi fteen-year time step and is designed 
to examine long-term, large-scale changes in global and regional 
energy systems, with a focus on the impact of energy technologies.3 
It provides substantial energy-sector detail in comparison to other 
integrated assessment models. Of particular relevance to this study, 
MiniCAM takes the availability of technology to be exogenous. This 
means that the scenarios considered here do not address important 
issues associated with the relationship between mitigation and tech-
nological change. The exogenous technology assumption can be inter-
preted as assigning the majority of technological change to sources 
that are not particularly infl uenced by mitigation actions and to asso-
ciated changes in markets for technology (see Clarke et al. 2006 and 
Clarke et al. 2008a for more on this subject).

The scenarios in this chapter were developed using the version of 
MiniCAM that was used to examine scenarios of GHG emissions and 
concentrations as part of the United States Climate Change Science 
Program (CCSP). Extensive documentation of the energy demand 
and technology assumptions can be found in Clarke et al. (2007a) 
and Clarke et al. (2007b). Of particular interest for the purposes of 

3 Documentation for MiniCAM can be found at www.globalchange.umd.edu/
models/MiniCAM.pdf/.
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this chapter, the scenarios assume—as do many current scenarios—a 
gradual shift of economic activity and emissions from the developed to 
the developing world over the course of the century.

Technology suites

Four technology evolution pathways, or technology suites, are 
explored in these scenarios (Table 25.1). Each of the four suites is 
defi ned by developments in eight different technology domains. Each 
technology domain is associated with a reference technology case 

Table 25.1 Defi nitions for four technology suites

Technology Suites

Technology Suite 
Components*

Reference 
(REF)

Advanced 
(ADV)

Bioenergy, 
CCS & 
Storage, 
Hydrogen 
(BIO/CCS)

Renewable, 
Nuclear, and 
Effi ciency 
(RNE)

Carbon dioxide
   capture and 

storage (CCS)

Reference 
(not 
allowed)

Advanced Advanced Reference 
(not 
allowed)

Bioenergy Reference (no 
purpose-
grown 
bioenergy 
crops)

Advanced Advanced Reference

Hydrogen Reference Advanced Advanced Reference
End-use Energy 

Effi ciency
Reference Advanced Reference Advanced

Wind Power Reference Advanced Reference Advanced
Solar Power Reference Advanced Reference Advanced
Nuclear Power Reference (no 

new builds)
Advanced Reference 

(no new 
builds)

Advanced

Geothermal 
Power

Reference Advanced Reference Advanced

* Technology descriptions are similar to those documented and discussed in Clarke 
et al. (2008b).
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and an advanced technology case. The approach to the advanced 
and reference cases varies among the technology domains. For solar 
power, geothermal power, wind power, and hydrogen, the reference 
and advanced cases are distinguished by different assumptions about 
technology cost and performance. The advanced cases assume greater 
and more rapid cost and performance improvements over the century 
than the reference cases.

Nuclear power and CCS are treated differently. Under reference 
case assumptions, neither is allowed to deploy beyond today’s levels; 
under advanced case assumptions both technologies play a greater role 
based on mainstream evolutions of cost and performance over time. 
Several studies have concluded that both of these technologies would 
be deployed at signifi cant levels under any reasonable range of cost and 
performance assumptions if a long-term climate goal such as the goal 
modeled in this chapter is adopted. The issues surrounding these tech-
nologies have less to do with cost and performance, per se, and more 
to do with their fundamental availability, which in turn is based on 
technology and institutional structures. For example, although there 
are uncertainties regarding the cost of nuclear power, the main con-
cerns regarding widespread deployment (and cost) are associated with 
waste, safety, and security. The uncertainties regarding CCS revolve 
around the long-term reliability of underground storage, but perhaps 
more importantly stem from the infrastructural and institutional issues 
that will have to be addressed to develop an entirely new infrastructure 
for transporting and injecting gas streams underground.

Bioenergy is treated in a similar fashion to nuclear power and CCS. 
The reference technology case assumes no dedicated bioenergy crops, 
while the advanced technology case assumes that large-scale produc-
tion from dedicated cellulosic feedstocks is viable over the long term. 
Without technology for using cellulosic feedstocks, the negative con-
sequences of bioenergy production—particularly taking into account 
the effect of deforestation to clear land for production—could put a 
signifi cant long-term brake on this option. Hence, the reference case 
captures a world without breakthroughs in bioenergy production and 
therefore highly limited deployment.

Bioenergy can be considered a zero emissions fuel with respect to 
direct emissions. However, several authors, including Searchinger et 
al. (2008) and Crutzen et al. (2008) have raised questions about the 
indirect effect of bioenergy production on deforestation rates, crop 
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prices, and non-CO2 GHG emissions. Indirect emissions are addressed 
in MiniCAM, which accounts for agriculture, land use, land cover, and 
terrestrial carbon stocks and fl ows.4 In this analysis, all anthropogenic 
carbon emissions, be they from fossil fuel and industrial sources or land-
use change, are treated equally—that is, they receive the same carbon 
price (Wise et al., 2009). Thus, in all of the policy regimes considered 
in this analysis, afforestation programs are an important component of 
the technology response. Since energy-sector technology is the focus of 
this chapter, discussion of the potential roles of non-energy technologies 
is left for future papers.

When both CCS and bioenergy are available technology options 
they can be applied in combination to provide electric power with 
negative emissions. Since biofuels derive their carbon from the atmos-
phere, applying CCS technology to a power plant that uses biofuels5 
has the net effect of removing CO2 from the atmosphere. In a context 
where the potential exists to temporarily overshoot target concentra-
tion levels, this combination of technologies can have important impli-
cations for emissions trajectories over time.

Energy end-use technologies are treated differently. The reference 
and advanced technology cases assume different rates of exogenous 
improvement in the relationship between end-use service demands in 
the transport, buildings, and industry sectors—irrespective of policy 
or prices. Hence energy consumption is lower in the advanced tech-
nology scenarios than in the reference scenarios, irrespective of policy. 
A large literature argues that end-use technology choices are rife with 
market failures—the advanced technology scenarios assume an ability 
to overcome some of these barriers, as well as to improve technology.

Based on these reference and advanced technology cases across 
technology domains, the four technology suites can be described as 
follows. The reference technology suite (REF) is based on reference case 
assumptions in all technology domains. This is a pessimistic scenario 
since it assumes that GHG reductions must be achieved using cur-
rently expensive technologies such as wind and solar power along with 
reductions in energy services. The advanced technology suite (ADV) is 

4 Note that we do not consider non-CO2 GHG emissions in this chapter, though 
these are tracked in MiniCAM. Similarly, MiniCAM tracks agricultural and 
forest product prices, which are also not reported in this chapter.

5 This option assumes that biomass can be gasifi ed and burned in an integrated 
combined cycle power plant with CCS.
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based on advanced assumptions in all technology domains. It repre-
sents the most optimistic view of the future. Between the reference and 
advanced technology suites are two intermediate suites. One of them 
(RNE) assumes advances in technologies that are broadly in use today, 
such as energy end-use technologies, nuclear power, solar power, and 
wind power; it might be thought of as a “known technologies” suite. A 
second (BIO/CCS) uses reference case assumptions in these technology 
areas, but allows for the deployment of newer, largely untested tech-
nologies such as advanced bioenergy, CCS, and hydrogen.

The technology assumptions in the scenarios are exogenous. In 
other words, the analysis is silent on the means by which each of these 
technology suites emerges. It is agnostic as to whether technology 
advances, relative to the reference technology suite, represent the fruits 
of intensive and potentially expensive research campaigns, learning-
by-doing, spillovers from other industries, or a serendipitous process 
of scientifi c discovery.6 If technology advances depend on intensive 
R&D efforts, then all associated costs would have to be added to the 
direct mitigation costs computed in the scenarios to obtain the total 
cost of achieving a desired emissions mitigation result. In this exercise, 
however, no attempt is made to associate research investments with 
particular technology outcomes.

Hypothetical international policy architectures

This analysis focuses on a single potential climate goal: namely, limit-
ing the concentration of atmospheric CO2 to 500 ppmv in the year 
2095. As none of the technology suites considered in this chapter by 
themselves result in an atmospheric concentration that is 500 ppmv 
or less in the year 2095, policies that explicitly limit emissions are 
required to achieve this outcome.

The scenarios do not require that the concentration limit be binding 
before 2095: that is, concentrations can exceed 500 ppmv at any 
time prior to 2095. Emissions pathways that allow atmospheric CO2 
concentrations to exceed the long-term goal for some portion of 
the time between the adoption of the target and the target date are 
known as “overshoot” trajectories. By contrast, most mitigation sce-

6 Again, see Clarke et al. 2006 and Clarke et al. 2008a for a discussion of the 
implications of different modeling approaches.



When technology and climate policy meet   795

narios in the literature are constructed so that the atmospheric CO2 
 concentration limit that applies in the fi nal period is never exceeded 
(see, for example, the scenarios developed in Clarke et al. 2007a). In 
such a “not-to-exceed” framing of the concentration limit, emissions 
are constrained such that the atmospheric concentration rises to the 
limit and is maintained at that level in perpetuity thereafter (note 
that any scenario in which concentrations fall is, by construction, an 
overshoot trajectory since it implies that concentrations must, for at 
least some period of time, have exceeded the level they will reach in 
the long term). The implications of overshoot for these scenarios will 
be discussed in more detail later in this chapter.

Two hypothetical policy architectures are used in this analysis to 
reach the 2095 goal. One approach refl ects an idealized setting in 
which a price is imposed on all carbon emissions, from all sources eve-
rywhere, and raised at a rate that minimizes the total cost to the world 
economy of achieving that goal. While such a scenario is not likely, 
it provides a benchmark against which to compare other, less perfect 
international policy architectures. Scenarios based on this architecture 
are referred to as FULL participation scenarios.

A more realistic policy architecture is one in which different nations 
take different levels of action to mitigate carbon emissions, leading 
to pricing that varies across regions over time. In the DELAY sce-
narios, nations included in Annex I to the United Nations Framework 
Convention on Climate Change (UNFCCC) (United Nations 1992) as 
well as South Korea, begin efforts to mitigate emissions in 2012, but 
other regions do not follow suit until later. Table 25.2 shows the dates 
when emission limits fi rst apply to each of the MiniCAM’s fourteen 
regions in the DELAY scenarios.

Stabilization of CO2 concentrations implies a rising price of carbon. 
It is assumed that the Annex I plus South Korea group, and other 
regions as they join, share a common price of carbon and apply that 
price to all emissions from all sources. Since the coalition price is 
 doubling regularly, new members of the coalition would experience an 
economic shock if they introduced a carbon price that was instantane-
ously set at the same level as the then current price in the mitigating 
coalition. Therefore this analysis assumes that the initial carbon price 
in a region that begins emissions mitigation after the year 2012 is below 
the price shared by the original members of the coalition. It is further 
assumed that the initial price assigned to a new entrant is based on gross 
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domestic  product (GDP) per capita relative to the United States in the 
year 2000. The price of carbon in regions that accept emissions limita-
tions later in the century gradually rises to that of the Annex I group.

Summary of the scenarios

Combining the two policy architectures with four technology suites 
leads to eight scenarios (Table 25.3). By comparing and contrasting 
scenarios, it is possible to observe the relative infl uences of interna-
tional participation and technology in shaping the future development 
of the global energy system and in determining the cost of meeting the 
hypothetical atmospheric CO2 limit in 2095.

Table 25.2 Year in which carbon emissions limitations are fi rst 
imposed in each of the 14 MiniCAM regions

MiniCAM Region
Year in which carbon emissions 
limitations are fi rst imposed

United States 2012
Australia & New Zealand 2012
Canada 2012
Western Europe 2012
Eastern Europe 2012
Japan 2012
Former Soviet Union 2012
Korea 2012
China 2020
Latin America 2035
Middle East 2035
Other South and East Asia 2035
India 2050
Africa No emissions limitations are imposed

Table 25.3 Combinations of technology suites and hypothetical 
policy architectures examined in this chapter

                     Alternative Technology Suites

REF RNE BIO/CCS ADV

Alternative Emissions FULL • • • •

Limitation Regimes DELAY • • • •
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Emissions and concentrations: the implications of technology, 
participation, and overshoot

A brief overview of the implications of overshoot

Before discussing the implications of technology and participation in 
an international regime, it is useful to fi rst discuss the implications 
of overshoot for the scenarios. These implications are important 
because overshoot pathways create the potential for greater variation 
in  emissions and concentration pathways, and greater variation in 
climate impacts, than is possible with a not-to-exceed formulation.7

The potential impacts and role of overshoot pathways can be per-
ceived in two ways. On the one hand, overshoot pathways are trou-
bling because they lead to concentrations that exceed, at least for some 
period of time, the concentration target to be achieved at a later date. 
They are therefore associated with potentially greater environmen-
tal damage during the period in which concentrations are above the 
eventual goal. In addition, allowing emissions to follow an overshoot 
pathway leaves open the possibility that once the concentration target 
is exceeded, the necessarily steeper emissions declines required later in 
the century to reach the target may never materialize.

On the other hand overshoot pathways can facilitate the adoption of 
lower long-term concentration limits than would be achievable under 
a not-to-exceed approach. For some stringent concentration limits, 
overshoot pathways may be the only realistic option for meeting the 
long-term goal. The 350 ppmv emissions concentration pathway 
developed by Wigley, Richels, and Edmonds was an overshoot 
pathway that featured negative global carbon emissions in some years. 
Work by Van Vuuren et al. (2007) shows that limiting long-term 
radiative forcing to 2.6 watts per square meter (W/m2) entails limiting 
atmospheric CO2 concentrations in the year 2100 to below current 
levels. Van Vuuren et al. achieve this outcome by fi rst overshooting 

7 However, it must be remembered that even with a not-to-exceed formula-
tion, variation in emissions, concentrations, and climate change exist (Wigley, 
Richels, and Edmonds 1996). Furthermore, there are limits to overshooting a 
goal, depending on the options for reducing emissions in the second half of the 
century. The degree of overshoot therefore depends on the suite of technolo-
gies that is anticipated to be available in the future, especially in the post-2050 
future, as we discuss in more detail below.
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the long-term target and then employing steep reductions in the late 
21st century through the large-scale deployment of biomass-based 
electricity production with CCS to achieve negative global emissions.

If technologies capable of delivering negative global carbon 
 emissions—such as the combination of bioenergy and CCS explored 
in these scenarios—become available, human society will have the 
option to move atmospheric CO2 concentrations arbitrarily down. 
This potential capability raises still more questions about the long 
term: namely, at what concentration should humankind choose to 
maintain the atmosphere? Should emissions trajectories be compared 
in terms of the maximum GHG concentration level or temperature 
increase they produce rather than in terms of a long-term stabiliza-
tion goal? No attempt is made to answer this question here; it is left 
for a deeper exploration of the implications of overshoot pathways. 
The key for interpreting the scenarios in this chapter is that overshoot 
pathways allow for greater intertemporal fl exibility in emissions 
reductions than not-to-exceed scenarios.

Overshoot, technology, and global emissions and 
concentrations

This section focuses on the emissions and concentration pathways that 
emerge from the FULL participation scenarios. Economic implica-
tions generally are addressed in a later section, but it is useful here to 
briefl y touch on the carbon prices associated with different scenarios 
because of their relationship to emissions and concentration pathways 
over time. Limiting the atmospheric CO2 concentration to 500 ppmv 
in 2095 is accomplished by imposing an exponentially rising price on 
carbon in all regions and all emitting activities in the FULL participa-
tion scenario, where all nations join in global mitigation efforts from 
the outset. Not surprisingly, the price path is highest for the REF tech-
nology suite and lowest for the ADV technology suite with costs for 
the other two technology suites falling in between (Figure 25.1).8

8 The carbon prices provide some insight into the contrasting arguments about 
whether it is possible to achieve climate goals with today’s technology. Without 
CCS, new nuclear power plants, or dedicated bioenergy crops, the REF tech-
nology suite can roughly be interpreted as a “known technologies” suite. 
Hence, the scenarios support the argument that climate goals can be met with 
“known technologies” (Pacala and Socolow 2004). However, the economic 
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These results illustrate the importance of expectations regarding 
technology availability in shaping near-term carbon prices. Because 
limiting atmospheric CO2 concentrations involves limiting global 
carbon emissions over the entire century, the long-term future and 
present are tightly coupled. The assumption of intertemporal cost-
effectiveness along with complete foresight leads to a simple inter-
temporal carbon price pathway with the price in each period directly 
linked to the price in the previous period by the rate of interest. The 
implication is that near-term prices depend as much on expected tech-
nology availability in the long term as they do on actual technology 
availability in the near term. While it is impossible to anticipate tech-
nology availability a half century or more into the future—or indeed 
to predict with certainty any of the other variables that defi ne our 
scenarios—it is clear that near-term actions depend on  expectations 
about the long term in a way that distinguishes climate change from 
other  environmental issues, such as acid deposition or local air 

cost is substantially higher than if more advanced technologies become avail-
able. Therefore, the scenarios also support the argument that the development 
of advanced energy technologies is important to the success of the enterprise 
(Hoffert et al. 2002).
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Figure 25.1. Carbon price paths that limit atmospheric CO2 concentrations 
to 500 ppmv for four alternative technology suites under FULL international 
participation from 2012 onward
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quality, with which society has dealt in the past. There are, of course, 
other interactions between near-term mitigation and carbon prices, 
on the one hand, and long-term technology expectations on the other. 
For example, near-term mitigation actions can infl uence technology 
development through induced R&D and learning-by-doing (Goulder 
and Mathai 2000; Grubb et al. 1995). Nonetheless, emissions reduc-
tions are not the only drivers of improvement in carbon-friendly 
technologies, and the relationship between mitigation and technology 
development will not alter the fundamental linkage between long-term 
expectations and near-term action.

Technology infl uences not only carbon prices, of course, but also 
the global emissions and concentration pathways that might be fol-
lowed to meet a particular long-term target (Figures 25.2 and 25.3). 
To understand the infl uence of technology on near-term emissions, it 
is useful to distinguish between the infl uence of near-term technology 
availability and long-term technology availability. The infl uence of 
long-term technology in these scenarios is highlighted by the presence 
of CCS coupled with bioenergy production. The assumption that a 
radical technology option such as this one will be available in the 
future puts less pressure on near-term abatement efforts and allows 
for higher near-term emissions: the more that can be done cheaply in 
the future, the less it makes sense to do today. The combination of 
CCS and bioenergy technology allows for negative emissions in the 
far future, and thus diminishes pressure on near-term emissions reduc-
tions in both the ADV and BIOCCS technology suites.9

Near-term technology advances have the opposite effect. Lower 
near-term technology costs and greater availability imply larger near-
term reductions. In these scenarios, the major near-term options are 
improved energy end-use technologies and nuclear power. The advanced 
end-use assumptions are based on the notion that (1) improvements to 
end-use technologies will be deployed irrespective of climate policy 
and (2) many options can provide meaningful near-term emissions 

9 The presence of CCS alters the way in which bioenergy is used. A great deal of 
research has focused on the use of bioenergy to produce liquid fuels, primarily 
for transport. At lower carbon prices, this approach proves to be dominant. 
However, when CCS is available and carbon prices rise, bioenergy is predomi-
nantly deployed in conjunction with electric power generation. Such market 
forces could emerge if CCS is available and the net negative emissions of the 
bioenergy and CCS technology combination were appropriately rewarded.
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 reductions. The advanced nuclear assumptions are based on the notion 
that waste, security, and safety concerns do not limit the near- or long-
term deployment of nuclear power. These assumptions result in lower 
near-term emissions in both the RNE and ADV scenarios.

The resulting emissions pathways refl ect the interactions between 
near- and long-term technology availability. The BIOCCS scenario has 
the highest near-term emissions because emissions reductions are pushed 
to the future. In contrast, near-term emissions are lower in the ADV sce-
nario because of low-cost, near-term end-use options. The REF scenario 
has neither of these options. Its near-term emissions are on the low side 
because the lack of improved mitigation options results in higher carbon 
prices that push emissions down through more costly means.

Delayed participation, technology, and regional emissions 
mitigation

Previous sections discuss the role of technology assuming full interna-
tional participation in a global GHG control regime. This section com-
pares the results from these idealized scenarios with outcomes under a 
hypothetical international control regime with delayed participation. 
We focus here on three observations. First, the variation in global 
carbon emissions across technology regimes is signifi cantly larger 
than the variation across different international regimes for achiev-
ing a given concentration goal (Figure 25.4). This is a consequence of 
the discipline that the carbon cycle imposes on possible pathways to 
a given concentration target. While some fl exibility exists in shifting 
emissions forward and backward in time—with a given technology 
regime, that ability is limited. Emission shifts across time depend on 
available technology. That is, the ability to sharply reduce emissions 
in the BIOCCS technology suite implies higher near-term emissions 
as compared with other technology suites. It is worth noting that the 
ability to overshoot and return to the long-term concentration target 
brings the time-shift of emissions into relief, but the effect is present 
even with a not-to-exceed formulation of the concentration limit.

Second, although the global emissions pathway for achieving a 
given concentration target is less sensitive to the international policy 
environment than to technology availability, the same is not true at the 
regional scale. With REF technology, the DELAY international policy 
architecture results in India having higher emissions relative to the “no 
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climate policy” reference scenario (Figure 25.5). This is the result of 
emissions leakage from participating regions: their mitigation efforts 
result in lower demand, and hence lower international prices, for fossil 
fuels. This in turn leads to increased fuel use and higher emissions 
in non-participating regions. Only after India joins the set of emis-
sions mitigating regions do its emissions begin to decline. In contrast, 
emissions in the United States decline almost linearly to zero by 2065 
under the DELAY international policy architecture (Figure 25.6). This 
outcome is dramatically different than the outcome modeled under the 
FULL participation international policy architecture. In that scenario, 
which assumes India and all other regions of the world begin emis-
sions mitigation in 2012, United States emissions are approximately 
two-thirds of 2005 levels in 2065. These results follow from the earlier 
observation that for a given technology suite there is relatively little 
ability to shift global emissions mitigation over time. Thus, participat-
ing regions are forced to compensate for the emissions mitigation that 
is not forthcoming from non-participating regions. The availability of 
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improved abatement options over time in the ADV technology suite 
does substantially mute the shift in burden.

Third, the availability of near-term abatement options such as 
nuclear power and end-use technology options allows for some miti-
gation even in non-participating countries. When the ADV technology 
suite is modeled, Indian emissions are lower relative to the no-climate-
policy reference scenario, even though India is not participating in 
a climate regime. Under these technologies assumptions, the United 
States benefi ts from lower costs to meet a given domestic emissions 
target, plus some relief in terms of the stringency of that target due 
to Indian reductions. This result highlights the point that not all miti-
gation needs to be a function of climate policy—as researchers have 
noted repeatedly in calling attention to the technological improvements 
already embodied in reference or “no-policy” scenarios. Although 
technology cannot solve the challenge of climate mitigation without 
the impetus of climate policy, accelerated diffusion of currently avail-
able technologies could provide a means for achieving near-term emis-
sions reductions in developing countries that are not inclined toward 
accepting explicit emission-reduction commitments. The mitigation 
effect in these scenarios is somewhat artifi cial, due to the construction 
of the reference and advanced technology assumptions for nuclear 
power and end-use technologies. Nonetheless, the results highlight 
the potential benefi ts that could be achieved if developing countries 
were able to overcome barriers and failures in markets for energy 
effi ciency; develop the technological or institutional structures needed 
to allow for greater penetration of nuclear power; and take advantage 
of near-term advances in wind and solar power along with associated 
technologies for facilitating system integration, such as batteries.

The composition of technology deployment in the near term 
and long term

Long-term technology evolution

To meet the sorts of long-term goals explored in this chapter, fossil fuel 
technologies that freely emit carbon must be virtually removed from 
the energy system by the end of the century. A view of the Chinese 
and United States energy systems in 2095 under all eight of the miti-
gation  scenarios along with the reference scenario (Figure 25.7 and 
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Figure 25.7. Primary energy, United States, 2095 for four alternative 
technology suites under FULL and DELAY international policy architectures
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Figure  25.8)  illustrates this requirement. However, though all the sce-
narios share this common feature, they lead to otherwise dramatically 
different energy systems, for reasons that have to do with the evolu-
tion of both technology and international policy over the course of the 
century. This variation illustrates the inherent uncertainty in attempting 
to forecast how technology might evolve and be deployed to meet a 
climate goal. Although it is well understood that dramatic change is 
necessary, the nature of that change is highly uncertain, especially in 
the far future.

Technology deployment varies in the long run due to both of the 
dimensions explored in this study: the evolution of technology avail-
ability and the evolution of international participation in global 
mitigation efforts. That deployment varies depending on technology 
availability is not surprising. In general, the absence of any single 
technology requires greater contributions from other technologies and 
additional reductions in energy use. Scenarios with improved end-use 
technologies rely to a greater extent on energy-use reductions (RNE 
and ADV), as do higher cost scenarios (REF). On the other hand, 
scenarios with greater options for low-carbon supply allow for less 
emphasis on energy-demand reductions (RNE, BIOCCS, and ADV).

International participation infl uences the long-term composition 
of energy systems through several avenues. For one, delay increases 
long-term carbon prices, leading to greater long-term deployment of 
low or negative emissions technologies across all of the technology 
suites. Delay also affects long-term technology deployment through 
any continued differences in participation that may persist through the 
end of the century. Those countries participating in mitigation will see 
still higher carbon prices than those that do not participate (Africa in 
2095) or those that participate at lower relative carbon prices (India 
and Latin America in 2095). Finally, the path of investments in tech-
nology over the course of the century is infl uenced by international 
participation, and some of these effects will linger. Note, for example, 
the earlier and continued deployment of bioenergy in the REF DELAY 
scenario relative to the REF FULL scenario (Figures 25.7 and 25.9).

Near-term technology deployment in a long-term context

Figure 25.9 and Figure 25.10 show the United States and Chinese 
energy systems in 2035 under the reference scenario and the eight 
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mitigation scenarios. Recall that China has a lower carbon price in 
2035 than the United States due to its delayed entrance into the global 
coalition. In contrast to the results for 2095, which show dramatic 
variation in the energy supply mix for different scenarios and include 
widespread deployment of low-carbon energy sources, the results for 
2035 refl ect the continued infl uence of the capital stocks, infrastruc-
ture, and institutions that existed in 2005. The 2035 composition 
varies primarily in terms of total production from fossil fuels, which 
continue to dominate in all scenarios regardless of the technology suite 
that ultimately becomes available. The contribution from low-carbon 
energy sources remains small relative to the total size of the energy 
system.

The primary effects of technology are similar to those observed in 
the FULL participation scenarios and discussed in a previous section. 
Expectations regarding future abatement options infl uence the carbon 
price, and higher carbon prices lead to greater near-term emission 
reductions. Given turnover rates in the energy system, much of this 
near-term mitigation is achieved through energy demand reduc-
tions and fuel switching. More effective near-term options also lead 
to  near-term adjustments, particularly energy demand reductions 
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achieved through the increased availability and use of more effi cient 
end-use technologies.

Several interactive effects related to delayed participation bear 
discussion here. First, mitigation efforts are simply more aggressive 
in the participating countries, and this leads to obvious differences 
in energy demand reduction and low-carbon technology deployment. 
Second, asymmetric emissions mitigation will lead to a drop in global 
fossil fuel prices, pushing consumption toward those countries that 
are taking no action or little action. This leakage effect is manifest 
in higher emissions for non-participating countries compared to the 
reference case (see, for example, Figure 25.5). Third, the results point 
to increased use of bioenergy in participating nations relative to a full 
participation scenario. Bioenergy is produced around the world, but 
it is the participating nations that will demand bioenergy for climate 
purposes. To the extent that bioenergy production is associated 
with emissions from land-use changes, this means that delayed par-
ticipation involves substantial emissions leakage—not simply through 
 asymmetric fuel prices, but also through the exporting of land-use 
change emissions for bioenergy production to non-participating 
countries.

The contrasting composition of energy systems in 2095 and 2035 
informs questions regarding the nature and aggressiveness of required 
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near-term technology deployments for meeting the sorts of long-term 
goals similar to the long-term goal explored in this chapter. It is not 
surprising that the long-term composition of the energy system is 
highly uncertain and dependent on the availability, cost, and per-
formance of future technology and on the architecture of emissions 
mitigation policies. How should decision makers today respond to this 
uncertainty and what near-term actions should they take with regard 
to technology policy, from basic science through deployment policies? 
What does it mean to begin to lay down the foundation for the future 
energy system today?

All pathways to stabilization include a gradual movement toward a 
new and differently composed energy system. Given uncertainty about 
the long-term character of that system, it should be remembered that 
the goal of near-term technology-related actions is not simply to 
reduce emissions through technology deployment. Additional goals 
of near-term action are (1) to promote investments that will maxi-
mize the number of long-term options for mitigation, including R&D 
and technology deployment to spur innovation and learning; (2) to 
ascertain which will be the most effective long-term options; and (3) 
to build the social, institutional, and physical infrastructure needed 
to support the dramatic changes of the future. Put another way, in 
addition to mitigating emissions, the near-term focus must be on pre-
paring for a dramatic long-term transformation of the energy system 
about which we are not fully informed today. The question from 
the perspective of technology deployment is how long this period of 
uncertainty might last: how long do we have until the deployment of 
energy technology must truly refl ect the character of the long-term 
energy system?

The length of this near-term period will depend on a range of 
factors, including the stringency of the long-term climate goal—
clearly it would be shorter for more aggressive long-term goals than 
those considered in this chapter. Though the level of action by 2035 
in all the mitigation scenarios here is substantial, and though changes 
at investment margins increasingly refl ect the nature and evolving 
character of new technology options, much of the near-term action 
is focused on energy-demand reductions. The deployment of new 
low-carbon energy sources over the next quarter century remains 
far below the levels that will eventually be required for long-term 
stabilization.
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On the surface, comparing the level of technology deployment in 
2035 to the level in 2095 indicates a large degree of fl exibility to alter 
course moving forward from 2035. In some sense, the die has not been 
cast with respect to the character of the long-term energy system by 
2035. However, this does not mean that the sorts of near-term actions 
needed to prepare for a long-term transformation have not been 
undertaken. For any of the long-term futures modeled in this study to 
emerge beyond 2035, near-term actions must have laid the necessary 
technological and scientifi c foundations, resolved some uncertainty 
regarding optimal choices for future energy systems, and established 
the social and institutional structures that would allow for dramatic 
transformations to emerge. An analysis such as this can only hint at 
the magnitude of these efforts. What it does show, however, is that it 
is these foundation-laying efforts, along with the deployment of effec-
tive near-term technologies such as those associated with energy-use 
reductions, that constitute near-term action.

Technology, policy, and the cost of emissions mitigation

A range of studies have demonstrated that technology is critical for 
lowering the costs of addressing climate change. Indeed, technology 
was identifi ed as perhaps the most important driver of differences in 
mitigation costs in the mitigation scenarios generated by the United 
States CCSP (Clarke et al. 2007a). Mitigation costs are important not 
just because they drive welfare impacts for achieving any given long-
term climate goal, but also because of their infl uence on the long-term 
goals that might be considered socially and politically feasible. The 
degree of action that countries take to mitigate GHG emissions is in 
large part a function of the perceived costs associated with different 
levels of action, regardless of whether that calculation is made qualita-
tively or using rigorous cost-benefi t analysis. This section explores the 
cost implications of different assumptions about technology availabil-
ity based on results from the scenarios at both the global and regional 
levels.

The global benefi ts of technology

The scenarios in this chapter indicate that the global economic 
benefi ts of improved technology, in terms of reduced mitigation 
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costs, are greater when policy regimes are less than ideal. Figure 
25.11 shows discounted global mitigation costs over the course of 
the century across four alternative technology suites under FULL 
and DELAY international policy architectures. The value of tech-
nology can be measured as the difference between mitigation costs 
with reference technology and mitigation costs with more advanced 
technology suites. The global cost reduction from advanced tech-
nology under a regime of delayed participation approaches twice 
the magnitude of the global cost reduction when international par-
ticipation is complete and immediate. In other words, technology 
development and deployment is an even more important component 
of the climate policy portfolio if markets for climate mitigation are 
not fully formed.

Two factors infl uence this differential impact on mitigation cost. 
First, in less effi cient regimes, costs will be higher irrespective of tech-
nology because participating regions will have to exercise abatement 
options with higher marginal cost earlier than under a more effi cient 
regime. This means costs to achieve any given abatement target will be 
higher. A second, and more ambiguous, factor is that higher marginal 
costs in participating regions interact with the suite of technologies 
that is available for deployment. It is possible that some technologies 
provide larger benefi ts for lower or intermediate reductions while 
others provide larger benefi ts for deep reductions. This chapter has 
not focused on this dynamic (see Baker et al. 2006 for a lengthier dis-
cussion of this issue). Here we simply note that the global economic 
benefi ts of improved technology are higher when the international 
policy architecture deviates from full participation.

The regional benefi ts of technology

Although global costs are important, most technology R&D activities 
are conducted at the national or regional level, and the national ben-
efi ts to technology advances are usually the basis for justifying these 
expenditures. Furthermore, though global costs are an important 
indicator of the social value of technology, the distribution of mitiga-
tion costs across regions has an important infl uence on the degree and 
distribution of action. Hence, the regional benefi ts of technology are a 
relevant unit for analysis.

Unfortunately, it is impossible to determine the ultimate fi nancial 
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effects for any country participating in an international mitigation 
regime, even within the rarefi ed environment of an integrated assess-
ment model, without considering the allocation of burdens across 
regions. The precise mechanisms that are used internationally, from 
offset crediting programs such as the Clean Development Mechanism 
(CDM), to technology deployment incentives, to full carbon trading, 
will determine the fi nal burdens carried by individual countries and 
regions. This analysis is silent on these distributional issues, noting 
only the global costs.

At the same time, though, it is clear that the value of technology 
will be higher in the developed regions under delayed participation, 
assuming a given long-term goal as is assumed in this study. Early 
participants in a global mitigation regime, generally assumed to 
be the developed regions, must undertake more abatement to meet 
a given climate goal under delayed participation than they would 
under  idealized conditions with full participation. As a result, they 
incur higher costs, because of the larger emissions reductions they 
must achieve and because achieving these larger reductions requires 
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implementing mitigation options with higher marginal costs. As early 
participants are expected to be developed countries, they are unlikely 
to be on the receiving end of fi nancial transfers (such as permit trades 
or CDM), so they will bear the bulk of near-term global costs. By con-
trast, developed regions may bear something less than the total global 
cost in a full participation scenario. In that case, developing regions 
would bear some costs, although perhaps not their full in-country 
mitigation costs, depending on the particulars of the burden-sharing 
regime. Even if the developed countries were to fully compensate 
developing regions for their mitigation costs under a full participation 
regime, their near-term costs would still be lower than under a delayed 
participation regime in which developed countries have to exercise less 
effi cient domestic mitigation measures while the developing regions 
are delaying participation.

A second element of regional technology value derives from the 
public goods nature of technology development and diffusion and 
the public goods nature of reductions in global stock pollutants such 
as GHGs. There are two mechanisms—a direct effect and an indirect 
effect—by which domestic R&D activities can alter mitigation costs 
for the nation conducting them. The direct effect is to reduce the costs 
of meeting any national mitigation goal, irrespective of international 
efforts. The indirect effect—the emissions burden effect—is to reduce 
the mitigation effort required at the national level to meet any given 
long-term global concentration target by inducing greater emissions 
reductions internationally; if technology makes mitigation cheaper 
internationally, it will lessen the national mitigation requirement to 
meet any long-term climate goal.

The relationship between direct and indirect effects is important 
because many national-level investments in climate-related R&D are 
supported by analyses of direct effects. This approach tends to down-
play the benefi ts of international technology deployment and diffusion 
in justifying domestic R&D activities.

To illustrate the importance of this indirect effect, we conducted 
an experiment in which we applied the advanced technology assump-
tions, fi rst only inside the United States and then only outside the 
United States. The experiment was conducted under the  assumption 
of full global participation, and only the reference technology and 
advanced technology suites were considered. Comparing global miti-
gation costs in these two cases (and leaving aside the distribution of 
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burdens) illustrates the relative impacts of US versus international 
technology deployment.

Not surprisingly, if advanced technology is available everywhere 
but the United States, the total global costs of abatement are smaller 
than if advanced technology is only available in the United States 
(Figure 25.12). Although the United States has historically been 
among the largest GHG emitters, it does not account for the majority 
of global emissions; moreover, the United States share of global emis-
sions will decline over time as emissions from the developing countries 
continue to grow more rapidly than those in developed countries. 
Hence, deploying advanced technologies outside the United States 
allows these technologies to be applied to a larger quantity of global 
emissions, reducing global costs.

The United States results provide more direct insight into the 
domestic impacts of domestic and international technology deploy-
ment (Figure  25.13). When deployment is limited to the United States, 
mitigation costs to the United States, under full participation, are 
higher. With increased technological capacity to mitigate, the United 
States is called on to do more than other countries. In this case, the 
indirect effect—a higher domestic mitigation burden—is larger than 
the direct cost savings from access to improved technology. In contrast, 
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when technology is deployed only outside the United States, domestic 
costs are dramatically lower even though there has been no change in 
United States technology. To meet a particular long-term environmen-
tal goal—in this case limiting atmospheric CO2 concentrations to 500 
ppmv by the end of the century—greater options for mitigation outside 
the United States lead to a lower United States emissions reduction 
requirement.

The caveat to these results is that it is impossible to determine the 
ultimate fi nancial effects for any country participating in an inter-
national mitigation regime, as discussed above, without consider-
ing the allocation of burdens across regions. The results shown in 
Figure  25.12 and Figure 25.13 were developed assuming a global 
carbon tax or, equivalently, a global cap-and-trade regime in which 
emissions quantities are perfectly allocated to achieve the least costly 
overall distribution of mitigation efforts so that there will be no 
trading. In reality, the net burden on any region will not be the same 
as its mitigation costs. Permit allocations, wealth transfers, and other 
fi nancial fl ows associated with mechanisms such as emissions trading 
or CDM can shift the economic burden across regions.

This caveat notwithstanding, the experiment makes a strong case 
for the public goods nature of technology investments in addressing 
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climate change. If countries were to choose targets independently, 
without considering the international context, then international diffu-
sion and the associated indirect effect of technology development—the 
emissions burden effect—are not relevant to domestic R&D decisions. 
On the other hand, to the degree that countries such as the United 
States are looking toward a long-term environmental goal and are 
interacting with other countries to meet that goal, there is strong evi-
dence that the international diffusion of technology is a larger driver 
of domestic costs than domestic deployment. This argues strongly 
for domestic incentives to promote the international deployment of 
climate technologies, and it also argues strongly for considering the 
effects of international deployment when analyzing the benefi ts of 
domestic investments, such as R&D investments, to develop technol-
ogy. Simply put, the international benefi ts of climate change R&D can 
be as or more important than the domestic benefi ts.

Concluding thoughts

This chapter has explored how international policy architectures and 
technology availability interact and how they infl uence the degree 
and character of emissions mitigation actions that individual coun-
tries and the global community must take in both the near term and 
the long term. The analysis uses the MiniCAM integrated assessment 
model to explore these issues in the context of a long-term concentra-
tion goal of limiting atmospheric CO2 concentrations to 500 ppmv in 
the year 2095. It adds to recent research that applies formal energy-
economy-climate models to explore these issues (see, for example, 
Richels et al. 2007; Bosetti et al. 2007; Bosetti et al. 2008). The results 
touch on, and reinforce, a range of themes relating to the availability 
of new and improved technology and international participation in 
climate mitigation. We conclude here by summarizing three main 
insights that emerge from this work.

First, there is nothing in this analysis that contradicts the ever-
growing body of research indicating that technology is fundamental 
to the costs, and therefore the political viability, of achieving climate 
mitigation. Indeed, this research suggests that technology is even 
more valuable—from a global perspective and from the perspective of 
individual nations—if international participation is less than perfectly 
effi cient, which will undoubtedly be the case.
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Second, national-level activities to promote technology develop-
ment should be viewed not only from a national perspective, but 
also from an international perspective. It is widely understood that 
if mitigation is to occur, nations may benefi t by establishing leader-
ship in related technology areas, while a failure in this regard could 
adversely affect their competitiveness. This study has highlighted 
another, equally important, international dimension to the rationale 
for domestic technology investments. Any country that places prior-
ity on achieving a long-term climate goal understands that inter-
national mitigation efforts are fundamental for meeting this goal: 
the more other countries contribute to abatement, the less must be 
done domestically. Technology diffusion is therefore not simply a 
competitiveness issue, it is fundamental for fostering international 
mitigation efforts. Hence, assessments of the benefi ts from domestic 
technology development activities should be based not simply on 
improved national mitigation options, but also the potential for 
increased mitigation internationally, which in turn means a lower 
national burden on participating countries to meet any given long-
term climate goal. Indeed, even without explicit climate policies in 
many nations, there are improvements to technology, or policies to 
better take advantage of existing technologies, that could lead to 
emissions reductions.

Finally, investments in technology development must be viewed 
from a long-term as well as a near-term perspective. R&D activities, 
and technology policies for climate change more generally, should 
certainly focus on the near term to facilitate action at the national and 
international levels, but they must also continue to lay a foundation 
for the deeper and wider reductions in emissions that will be required 
decades into the future. Regardless of international participation in 
the near term, global emissions must ultimately move toward zero 
to achieve any long-term stabilization goal. This will require the par-
ticipation of all nations, and it will require energy systems that are 
far different than those of today. Tomorrow will ultimately turn into 
today, and without the scientifi c and technological foundations for 
achieving and sustaining a long-term transformation of the world’s 
energy systems, the deep reductions necessary for stabilization may 
not be socially and politically viable.
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26 Revised emissions growth 
projections for China: why
post-Kyoto climate policy
must look east
Geoffrey J.  Blanford, 
Richard G. Richels,  and
Thomas F.  Rutherford*

Introduction

Growth rates in energy-related emissions of carbon dioxide (CO2) 
in developing countries, particularly the People’s Republic of China, 
have increased rapidly in recent years. Emissions from the original 
signatories to the Kyoto Protocol (known as “Annex B countries”)—
essentially the developed world and economies in transition—will 
almost certainly be surpassed by emissions from non-Annex B coun-
tries before 2010. Previous analyses projected that this crossing point 
would occur in 2020 or later (Weyant et al. 1999). The main source 
of unexpected emissions growth is China. According to the histori-
cal record provided by Marland et al. (2008), since 2000 the average 
annual growth rate in China’s emissions has exceeded 10 percent, 
compared to 2.8 percent in the 1990s. Globally, the average growth 
rate since 2000 has been 3.3 percent, compared to 1.1 percent in the 
1990s.1

Raupach et al. (2007) decompose emissions growth in several regions 
into the factors of the Kaya identity: population, per capita income, 
energy intensity of gross domestic product (GDP), and carbon intensity 

* We thank participants in a workshop at the Pacifi c Northwest National 
Laboratory, as well as Joe Aldy, Rob Stavins, and an anonymous reviewer 
for helpful comments. This research was funded by the Electric Power 
Research Institute (EPRI). The views presented here are solely those of the 
individual authors, and do not necessarily represent the views of EPRI or its 
members.

1 Apart from the lower rate in China, global emissions growth in the 1990s 
was also anomalously slowed by the contraction of former Soviet and Eastern 
European economies after the collapse of the Soviet Union.
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of energy. In China, the fi rst and last factors have been stable: popula-
tion growth is slow and carbon intensity has remained consistently 
high due to heavy reliance on coal. Emissions growth has been driven 
by a combination of rapid economic development and the reversal of 
the past trend of declining energy intensity. Between 1980 and 2000, 
energy intensity in China had been falling faster than in any other major 
economy. This decline has been attributed to effi ciency improvements 
at the fi rm level as market reforms privatized formerly state-operated 
enterprises (Fisher-Vanden et al. 2004). Since 2000, however, energy 
use—driven primarily by industrial demand and coal-fi red electric 
generation—has not only kept pace with, but has slightly exceeded 
aggregate economic growth (IMF 2008; IEA 2007a) (Figure  26.1). 
The International Energy Agency (IEA) reports that China added 
over 100 gigawatts (GW) of new electric generation capacity in 2006, 
of which at least 90 GW was coal-fi red (IEA 2007b). While this rate 
may not be indicative of an annual average, it represents coal plant 
construction in a single year equivalent to one quarter of the entire US 
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coal fl eet. Despite some uncertainty about the accuracy of Chinese data 
sources, China has likely become the world leader in carbon emissions, 
surpassing the United States in 2006 (Gregg et al. 2008).

Baseline (i.e., business-as-usual or BAU) projections of emissions 
growth in China over a near- to medium-term timeframe (e.g., through 
2030) have, until very recently, been modest. The IEA’s World Energy 
Outlook (WEO) for 2000 reported an average growth rate of 3 percent 
in its reference case over a 1997–2020 time horizon (IEA 2000).2 The 
2005 edition of the WEO revised the expected growth rate downward 
to 2.4 percent between 2003 and 2030 (IEA 2005). This projection 
likely seemed plausible at the time, given the one-to-two year lag in 
accurate observations and the anomalous dip in emissions totals in 
the late 1990s (Marland et al. 2008). However, as a pattern of rapid 
growth became evident, the 2007 WEO, in a special report focused on 
China, projected a 2030 emissions total over 50 percent higher than 
the fi gure given in the 2005 edition (IEA 2007b).

The IEA’s projections are signifi cant because many modeling studies 
use them to calibrate baseline emissions paths, either formally or 
informally. A prominent example in the United States was a report 
commissioned by the federal government’s Climate Change Science 
Program (CCSP) that compared reference case and coordinated 
stabilization scenarios by three economic modeling teams (Clarke 
et al. 2007).3 Two of the models used year 2000 emissions as a start-
ing point, while the third used 2005, but all three models assumed 
emission growth rates for China that matched the IEA’s unadjusted 
projections of the 2000–2005 era. Figure 26.2 shows the various 
IEA reference forecasts, along with the CCSP report range, in the 
context of observed historical emissions as reported by the Oak Ridge 
National Laboratory (ORNL) (Marland et al. 2008) [including the 
Netherlands Environmental Assessment Agency (MNP) fi gure for 
2007 (MNP 2008)].

Other recent estimates have been even more aggressive. Auffhammer 
and Carson (2008) present econometric forecasts of China’s emis-
sions path through 2010 using a province-level dataset up to 2004 

2 The US Energy Information Administration (EIA) projected a 4.1 percent 
annual growth rate over the same period in its 2000 forecast.

3 These included the MERGE model, the MiniCAM model, and the IGSM/EPPA 
model. The report was released in 2007, but the analysis was conducted in 
2006.
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and applying a variety of alternative model structures. The models 
with the best dynamic fi t to the sample data indicate the potential 
for annual fossil-fuel emissions to reach 2.25 billion metric tons of 
carbon (GtC) by 2010 (also depicted in Figure 26.2)—a sharp increase 
from the MNP’s reported total of 1.65 GtC for 2007. This estimate 
for 2010 is almost double the IEA’s 2005 forecast of 1.25 GtC for the 
same year, and signifi cantly larger than the linearly interpolated 2010 
level of 1.87 GtC from the 2007 forecast. However, the econometric 
results refl ect an assumption that emissions for 2008–2010 will follow 
the same pattern as the preceding years in the sample, which now 
appears doubtful in light of the current global fi nancial crisis.

Model calibration

These observations warrant an update to assumptions about future 
growth used by the economic modeling community in climate policy 
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studies. Accordingly, we have recalibrated one of the models used in 
the US CCSP report, the MERGE model (Manne and Richels 2005; 
Richels et al. 2007). MERGE is an intertemporal optimization model 
with a top-down general equilibrium representation of the economy 
and a bottom-up process representation of energy technologies. In each 
region, exogenous trajectories for population and reference economic 
growth are used to derive a growth scenario for labor productivity 
(equivalent to per capita income). A nested production function is used 
to describe how aggregate economic output depends upon inputs of 
capital, labor, and electric and non-electric energy. Energy prices are 
determined endogenously in the model as a result of resource scarcity, 
technological change, and policy constraints. For more details about 
the treatment of technology in MERGE, please see Appendix A.

The rate of increase in energy demand relative to economic growth 
is determined both by price-induced shifts among inputs to produc-
tion (as determined by elasticities in the production function) and 
by autonomous (i.e., non-price-induced) changes in energy intensity. 
Such changes can occur due to both technological progress (e.g., 
end-use effi ciency) and structural changes in the economy (e.g., shifts 
away from manufactured goods toward services). All sources of non-
price-induced changes in energy intensity are summarized in MERGE 
by a single “autonomous energy effi ciency index” (AEEI) parameter, 
which operates as a scaling factor on the energy input to production. 
The exogenous choices of growth rate and AEEI are the key param-
eters for incorporating updated assumptions about development pat-
terns and energy use in emerging economies.

MERGE operates in ten-year time steps with 2000 as the base year. 
To ensure that the model replicates observed growth since 2000, 
as well as the latest near-term projections for the remainder of the 
decade, we use GDP projections from the International Monetary 
Fund (IMF 2008) for 2010 to determine the average annual growth 
rate since 2000.4 However, neither the IMF nor any other major data 
source has updated projections to account for the impacts of the still-
unfolding global recession. Therefore we adjust the average economic 

4 To best capture real growth as a driver for energy demand, we observe the rate 
of growth in terms of constant local currency. For aggregated regions, observed 
growth rates are calculated using purchasing power parity (PPP) weights. 
However, the relative size of economies in the model’s base year is measured in 
terms of market exchange rates.
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growth rates for the current decade according to a simple rule: the 
effect of the current recession is assumed to be two years of zero net 
growth in output, applied uniformly in all regions. For example, in 
China the average growth rate since 2000 has been nearly 10 percent. 
Using our rule, we assume average growth of roughly 8 percent per 
year for the 2000–2010 period. Although it is very diffi cult to predict 
the severity of the current situation, preliminary observations suggest 
that some deceleration is unavoidable. Our adjustment is a straight-
forward way to represent one plausible scenario.5

After 2010, we consider three possible growth scenarios for devel-
oping countries: a reference scenario and two outliers. Table 26.1 
shows annual average growth rates in aggregate GDP, population, and 
labor productivity/per capita income through 2030 in China and India 
for the three scenarios. Although the economic component of MERGE 
runs on a 100-year timescale, we focus here on the next two decades.

Growth rates in the reference scenario are roughly consistent with 
the latest IEA projections (IEA 2007b). In the case of China, the high 
growth rates shown in Table 26.1 match those used by modelers in that 
country (e.g., Jiang and Hu 2006) to represent continued achievement of 
the government’s goals. The low growth scenario refl ects the possibility 
of a (relative) slowdown, perhaps due to short-term bottlenecks in mate-
rial inputs as capacity expands, or perhaps due to lingering effects of 
the current crisis. Population growth rates are based on the most recent 
central United Nations (UN) estimate. Over the remainder of the century, 
we assume that growth rates gradually decline, reaching 1 percent for 
both aggregate and per capita GDP with a stabilized population.

Choosing appropriate values for the AEEI parameter is less straight-
forward. The autonomous component of energy intensity change can 
be diffi cult to separate from price effects in the observed record. For 
developed economies such as the United States, previous work has 
supported the assumption of roughly 1 percent per year decline in 
energy intensity due to non-price-induced changes. This decline is the 
net effect of several factors: a shift toward less energy-intensive indus-
tries, improvements in end-use energy effi ciency (energy  requirement 
per service unit), and increases in service demand with wealth (a 

5 According to China’s National Bureau of Statistics, GDP growth in the fi rst half 
of 2009 was around 7 percent, suggesting that our recession scenario may be 
too pessimistic. If this recovery is robust, our reference emissions path may yet 
be underestimating the challenge of stabilization.
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diminishing effect at high income levels). For economies in earlier 
stages of development, the pattern could be very different. A casual 
observer might conclude that because developing countries tend to 
rely on energy-intensive industries to begin building their economies, 
and tend to increase service demand more rapidly as incomes rise, 
these two effects will dominate effi ciency improvements initially, 
leading to an autonomous increase in energy intensity during this 
stage rather than a decline. On the other hand, it has also been pro-
posed that faster economic growth leads to a higher turnover rate in 
the capital stock, which in turn accelerates the introduction of end-use 
effi ciency improvements. The latter proposal has been applied in 
previous MERGE studies, which assume a faster rate of autonomous 
decline in China and India than in the United States.

The reality is that each country’s experience is unique. China and 
India provide two very distinct pictures. As discussed above, changes 
in China’s institutions in recent decades allowed a correction from 
very ineffi cient industrial practices in the 1990s. This correction over-
whelmed all other effects and drove a steep decline in energy intensity 
from very high levels (similar to current trends in the former Soviet 
Union). With the saturation of this effect and the emergence of strong 
growth in energy-intensive industries in China, the current decade has 
seen an abrupt return to the more conventional model of rising energy 
intensity. Meanwhile, in India, energy intensity prior to the current 
decade had remained fairly constant, rising slightly but remaining 
much lower than in China. During this decade, by contrast, India’s 
energy intensity has fallen rapidly, driven by a different and less energy-
intensive industry mix. In choosing the AEEI parameter for developing 
countries, we have attempted to take into account current trends as well 
as judgments about the relevant stage and patterns of development in 
different countries.

The combined implications of our AEEI choices, elasticities, and 
energy prices in a no-policy baseline are refl ected in Table 26.2, which 
shows average annual rates of change in primary energy and energy 
intensity for the decades in question in China and India. Note that while 
primary energy diverges across the three growth scenarios, energy inten-
sity changes very little. There is no doubt that the future path of energy 
intensity is uncertain, but we have elected to hold the AEEI parameter 
fi xed and let the variation in economic growth rates determine the range 
of growth in primary energy use and therefore emissions.
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Figure 26.2 shows new baseline projections for energy-related 
carbon emissions in China, allowing for a range of possible growth 
rates. In the new projections, emissions level off at 1.7 GtC by 2010, 
but rise to between 2.6 and 4.4 GtC by 2030—around twice as high 
as the range in the CCSP study released in 2007. The IEA’s 2007 
forecast, which does not include any consideration of a near-term 
recession, falls in the middle of our projected range. These projections 
illustrate the likelihood that China will become the overwhelming 
world leader in emissions. US baseline emissions in our scenarios fall 
slightly from current levels to 1.5 GtC by 2030; the European Union’s 
emissions, even without further policies, are also projected to remain 
roughly constant at 1.1 GtC. Although India is often placed in the 
same category as China with respect to growth, its current emissions 
are one-quarter the level of China’s, and that fraction is likely to fall 
in the next few decades. In comparison to previous MERGE studies, 
total baseline emissions projections from non-Annex B countries in the 
year 2030 have nearly doubled with the new reference specifi cation; 
80 percent of this increase is due to the revised treatment of China.

Historical comparison

While current observations inform modeling choices about the begin-
ning of the time horizon, it can be instructive to use historical experi-
ence in similar countries as a guide in judging the plausibility of results 
for future periods. Key variables are the rate of economic growth and 

Table 26.2 Annual rates of change in total primary energy
and intensity

Total Primary Energy Energy Intensity

2000 – 
2010

2010 – 
2020

2020 – 
2030

2000 – 
2010

2010 – 
2020

2020 – 
2030

China
Low

7.7%
2.4% 2.1%

−0.1%
−1.9% −1.3%

Ref 3.8% 3.4% −2.1% −1.3%
High 5.1% 4.5% −2.3% −1.4%

India
Low

3.0%
2.8% 2.8%

−2.8%
−1.9% −1.2%

Ref 4.2% 4.4% −2.1% −1.1%
High 5.4% 6.0% −2.5% −1.0%
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changes in energy intensity. In the case of China, we consider time 
series for per capita income, energy intensity, and per capita energy use 
from four of the wealthiest Asian economies (Japan, Taiwan, Korea, 
and Malaysia).6 The data are lagged so that per capita income in the 
starting year matches China’s 2006 income level of roughly $4,000 

6 There are seven Asian countries whose per capita income currently exceeds 
that of China: Singapore, Hong Kong, Japan, Taiwan, Korea, Malaysia, and 
Thailand. However, we eliminated Singapore and Hong Kong as special cases 
and Thailand as too recent.
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respect to per capita income levels in China, but it is projected to follow historical 
patterns as energy intensity declines.
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(in constant 2000 dollars using the World Bank’s recently updated 
PPP exchange rates) (IMF 2008; IEA 2007a; Heston et al. 2006). Per 
capita income in Malaysia reached this level in 1979, Korea in 1977, 
Taiwan in 1973, and Japan in 1959.7 We use the subsequent twenty-
four years of observations to provide a comparison for our projections 
for China from 2006 through 2030. Figure 26.3 shows model projec-
tions for per capita income, energy intensity, and per capita energy use 
compared to the range of experience in these four countries.

From the starting level of $4,000, annual per capita incomes in 
the sample countries grew over the subsequent twenty-four years to 
between $10,000 and $18,000, with Taiwan representing the high end 
of the range and Malaysia the low end. The central MERGE projec-
tion for China rises to just over $12,000 by 2030, and the outliers of 
its range correspond closely to the sample range. Thus the economic 
growth rates underlying our updated specifi cation are consistent with 
the historical Asian experience, which includes some recession years 
for Korea and Malaysia around the time of the 1997 fi nancial crisis, as 
well as a minor recession in Japan after the 1973 energy crisis.

As discussed above, China’s energy intensity was in decline prior to 
2000, after which it rose slightly. The sample countries all had lower 
energy intensity than China did in 2006 in the year their per capita 
income level stood at $4,000. However, during the subsequent period 
of growth, energy intensity did not decline in any of the sample coun-
tries. This observation reinforces the expectation that China may be 
entering a pattern of energy-fueled development. On the other hand, 
China’s government has stated its goals for rebalancing her economy 
toward a less intensive mix (Jiang and Hu 2006; He and Kuijs 2007), 
and energy prices for the foreseeable future (though subsidized in 
China) will likely be higher than in the period captured by the sample 
data. Some early projections for 2006 and 2007 indicate that energy 
intensity in China has in fact begun to decline again. Using estimates 
of total primary energy from the 2008 BP Statistical Review (BP 2008) 
and the IMF’s estimates for GDP (IMF 2008), intensity fell by roughly 

7 Economic data from IMF (2008), which are based on the World Bank’s 2006 
estimates of the PPP value of GDP, only extend back to 1980. For earlier years, 
we have used Penn World Table 6.2 (PWT) data, scaled so that the two data 
series are equal in 1980. Although China’s PPP value of GDP was signifi cantly 
reduced in the 2006 revision relative to estimates used in PWT, the adjustment 
for the other four countries was minimal.
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3 percent between 2006 and 2007. Therefore we assume a small net 
decline from 2000 in the current decade, followed by a continued 
decline afterwards so that by 2030 China is in line with the historical 
range. Thus the very rapid growth in primary energy in the current 
decade may be viewed as an anomalous period of fl at energy intensity 
combined with rapid economic growth.

Finally we compare total primary energy use per capita. This metric 
is attractive because it summarizes the implications of growth assump-
tions without relying on the conversion of economic quantities across 
time and space, which are often speculative and based on limited data. 
Although per capita energy use was lower in the sample countries in 
the starting year (a consequence of lower energy intensity at the same 
income level), growth in subsequent years was rapid. China appears 
to have taken off slightly earlier than its predecessors in the Asian 
sphere, but with a comparatively fast reduction in energy intensity, our 
projections to 2030 again correspond closely to the sample range. The 
MERGE reference case projects roughly 110 gigajoules (GJ) per capita 
energy use in China by 2030 (current per capita use in Japan and 
Western Europe is roughly 175 GJ; in the United States it is 330 GJ).

Differences in per capita energy use across countries with similar 
levels of wealth refl ect concrete factors such as average temperature 
and population density, as well as cultural preferences and develop-
ment patterns. Whichever model China follows in the long run, our 
projections for energy use in the upcoming decades are entirely plausi-
ble given the experience of its neighbors. Certainly the results would be 
different with a sample of countries outside of Asia. For example, recent 
growth in Latin American countries such as Brazil, Mexico, Chile, and 
Argentina has been both slower and less energy-intensive. However, 
the emerging Chinese economy bears a much closer resemblance to the 
Asian countries examined here. While not an econometric study, this 
comparison provides a useful check for the validity of our projections. 
Moreover, other recently calibrated models project similar rates of 
growth over this time horizon for China (McKibbin et al. 2008).

Policy implications

If China and other developing countries are growing much faster than 
anticipated, what are the implications for stabilization goals currently 
being discussed by policymakers in Annex B countries? The US CCSP 
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report examined four stabilization scenarios, of which the two most 
stringent corresponded to stabilizing atmospheric CO2 concentra-
tions at 450 and 550 parts per million by volume (ppmv).

8 For each 
scenario, modelers calculated the pathway of global carbon emissions 
consistent with achieving the stabilization target. The updated growth 
rates bring a new urgency to the question of incomplete global par-
ticipation in abatement efforts. As shown in Figure 26.4, emissions 
from the non-Annex B countries alone meet or exceed the allowable 
global total for stabilization regimes in the near future, even in the 
apparently unlikely scenario of nearly zero growth between 2007 and 
2010. Juxtaposing current and expected future rates of growth in 
developing countries with the proximity of the targets under discus-
sion reveals a very narrow window of feasibility. If the price of carbon 
outside of Annex B is effectively zero for roughly the next decade, 
Annex B emissions must be completely eliminated by 2020, followed 
by rapid reductions outside of Annex B after 2020, in order to keep 
atmospheric CO2 concentrations below 450 ppmv. With a 550 ppmv 
target, the window is only a decade wider, and both are even smaller 
if growth in emissions follows the high scenario. Moreover, reductions 
in Annex B emissions at this pace are likely not realistic.

These results illustrate that the discussion of post-Kyoto interna-
tional policy frameworks must focus on the participation of developing 
countries in the very near future. The remainder of this paper exam-
ines representative policy choices by applying MERGE in alternative 
solution modes. As a point of reference to the CCSP report (Clarke 
et al. 2007), we begin by re-calculating optimal stabilization paths 
for the two most stringent targets discussed above. Next we consider 
three scenarios that take into account constraints limiting developing 
country involvement. In the fi rst scenario, we assume no developing 
country participation before 2050. In the second scenario, develop-
ing countries gradually adopt the fi rst-best carbon price. In the third, 
countries take on quantitative emissions targets as their incomes rise, 
according to a rule based on the 1997 Kyoto negotiations. In each 
case we focus on the fi rst half of the 21st century, although the speci-

8 The two most stringent stabilization scenarios were defi ned in terms of limits 
on total radiative forcing, from the GHGs covered by the Kyoto Protocol, of 
3.4 and 4.7 watts per square meter (W/m2), respectively. These limits on forcing 
were chosen so that the resulting optimal atmospheric concentrations of CO2 
roughly matched the frequently discussed targets of 450 and 550 ppmv.
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Figure 26.4. New baseline emission projections relative to stabilization 
pathways
Historical global emissions (including all energy and industrial sources) allocated 
to Annex B, China, India, and other non-Annex B countries are shown.  After 
2007, the data refl ect new MERGE projections for baseline emissions through 2030 
in non-Annex B countries, with growth rates corresponding to the low scenario 
(A), reference scenario (B), and high scenario (C).  The range of global emissions 
consistent with the 450 ppmv (CO2 only) stabilization target in the CCSP report 
intersects non-Annex B baseline emissions between 2020 and 2025; for the 550 
ppmv target, the intersection occurs in 2025 for the high growth scenario and after 
2030 for the other scenarios.
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fi cation for the more distant future remains  important.9 Finally, we 
discuss the implications for cost and long-term temperature increase 
associated with the various scenarios.

Optimal stabilization

The most stringent target assessed in the CCSP report limits radiative 
forcing from all GHGs covered by the Kyoto Protocol to 3.4 watts per 
square meter (W/m2), which corresponds to 525 ppmv CO2-equivalent 
(CO2-e). Achieving this target with the optimal mix of abatement across 
gases results in a maximum CO2-only concentration of 450 ppmv. Thus 
our scenarios assume that commensurate abatement in other gases is 
undertaken simultaneously, although we focus on the implications 
for carbon emissions in this paper and refer to this target as the “450 
target.” In the newly recalibrated formulation of MERGE, follow-
ing the reference growth-path assumptions for developing countries, 
achieving the 450 target with perfect “when” and “where” fl exibility 
is much more costly than in the 2007 study. As shown in Figure 26.5, 
emissions reductions must begin immediately with a 25 percent drop 
from BAU by 2020. This corresponds to a carbon price in 2020 of $335 
per ton carbon (tC), or $90 per ton CO2, which rises over time. Even 
with all nations participating on an intertemporally optimal schedule, a 
target of this stringency would carry a substantial price tag.

The second-most stringent stabilization level discussed in the 
CCSP report is 4.7 W/m2 for all gases (roughly equivalent to 670 
ppmv CO2-e), under which CO2-only concentrations reach 550 ppmv 
(hereafter the “550 target”). The global pathway for CO2 emissions 
consistent with optimal stabilization at this level consists of a slower 
(but still immediate) departure from the baseline with growth peaking 
around 2040, then returning to roughly 2005 levels by 2050 and 
declining quickly thereafter. While all countries undertake similar per-
centage reductions from their respective BAU paths in this scenario, 
reductions relative to 2005 differ signifi cantly across regions. Annex 
B emissions, which grow very little in the BAU case, are reduced 
to roughly 50  percent below their 2005 level. On the other hand, 

9 The economic component of MERGE operates through 2100, but the climate 
module runs through 2200 to capture the long-term effects of accumulating 
atmospheric GHG concentrations on temperature.
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emissions in the developing, non-Annex B countries, where baseline 
growth is rapid, are around 50 percent above their 2005 level by mid-
century in the optimal stabilization scenario. The 2020 price for the 
550 target is $38/tC, or $10/ton CO2.

Comparing the carbon price for these two stabilization scenarios 
with the prices generated by MERGE in the CCSP report, both targets 
have become more expensive. Based on expected carbon prices, the 
550 target is now much closer in stringency to our previous under-
standing of the 450 target, while the latter is reaching the limits of 
political feasibility. This shift is the result not only of our updated 
growth assumptions, but also of the fact that this analysis assumes 
no abatement activity in 2010 (beyond Kyoto Protocol compliance in 
ratifying countries). As emissions and concentrations have continued 
to climb during the current decade, we have moved closer to the target 
levels. Each year of unconstrained growth in emissions makes a given 
stabilization target more costly to reach.

With perfect “when” and “where” fl exibility, abatement effort is 
allocated optimally across time and space. In other words, the effective 
carbon price in all regions is equal to a single world price, which rises 
smoothly at approximately the rate of interest from a starting point 
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the respective pathways for global emissions are similar to those depicted in 
Figure 26.4, stronger BAU growth and 10 years of delay result in much higher 
corresponding carbon prices.
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determined by the stringency of the target. Note that this allocation of 
abatement effort maximizes effi ciency (i.e., minimizes total economic 
cost) without specifying an allocation of costs. Financial transfers in 
a variety of forms can be arranged to address concerns about equity 
and burden sharing. Still, even with the potential for incentives of 
this kind from developed countries, most observers familiar with the 
current state of international negotiations would agree that develop-
ing countries are not prepared to join a system with a single world 
price. The lack of suffi cient institutional capital in these countries to 
implement effective abatement policies likely means that for at least 
the next decade, or longer in some cases, investments in energy supply 
and demand will continue to be made assuming a carbon price that is 
effectively close to zero.

Graduated accession

To examine alternative modes of engagement for developing countries, 
we hold emissions in Annex B countries constant along a path consist-
ent with optimal stabilization at the 550 target, for which 2050 emis-
sions are 50 percent below the 2005 level. Equivalently, we assume that 
the effective carbon price in Annex B is the one shown in Figure 26.5 
for this stabilization target, passing through $38/tC in 2020 and rising 
to $160/tC in 2050. For non-Annex B, we fi rst examine a “worst-case” 
policy environment in which no other countries adopt meaningful 
abatement measures (including hosting CDM-type projects) for several 
decades, so that emissions in these countries follow their baseline path 
at least through 2050. In such a scenario, as we have seen above, no 
matter how aggressive the action taken by Annex B countries, global 
energy-related carbon emissions will continue to rise rapidly. Figure 
26.6 shows global emissions by region through 2050 when the optimal 
price for the 550 target is applied in Annex B immediately, but the rest 
of the world follows its reference path. Because Annex B represents a 
diminishing fraction of global emissions, this scenario results in only 
a slight reduction from the global reference path. Even if emissions 
decline rapidly after 2050, they will have peaked at a level far higher 
than that consistent with stabilization goals.10

10 While “overshoot” is always possible, i.e., returning to a stabilization level 
after exceeding it, effects on temperature and climate will be determined by the 
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Against this backdrop, we next consider a graduated accession 
scenario. China is undoubtedly the most important player in any 
global policy regime. While it is unrealistic to assume that China 
would adopt the same price regime as the Annex B countries initially, 
China may opt in to a global agreement in the future (Wiener 2008). 
In addition, several nations outside of Annex B may be willing to par-
ticipate before others—these countries are grouped under the “other 
mid-income” category in the fi gures (examples include Korea, Brazil, 
Mexico, and South Africa; a complete regional breakdown is provided 
in Appendix B). In this case, to “join” the coalition means to adopt 
the same carbon price as Annex B under the optimal 550 stabilization 
path. We assume that the mid-income countries join China as par-
ticipants in the global regime beginning after 2020. For lower income 
countries, we assume India does not join until 2040, and other poorer 
countries do not join at all before 2050. Figure 26.7 shows global 
 emissions in this scenario, termed the “graduated 550 tax” scenario. 

integral of the radiative forcing time path, not its ultimate equilibrium. That is, 
how far we exceed a stabilization target, and for how long, matters.
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Since not all countries are adopting the optimal price throughout the 
time horizon, the resulting emissions path exceeds the optimal path. 
Still, emissions in this scenario have begun to decline before 2050 and 
the target is within reach.

In this scenario, a country follows its reference case before “gradu-
ating” to full participation in the global regime; afterwards it adopts 
the optimal 550 stabilization price. For participating countries, the 
price rises at approximately the rate of interest, which helps to create 
incentives for early abatement in an intertemporal optimization model 
such as MERGE. To simulate the lack of institutional capacity for 
creating abatement incentives in non-participating countries, we hold 
energy-related variables fi xed prior to “graduation” to eliminate this 
anticipation effect. If graduating countries were modeled without con-
straints in the pre-accession time periods, so that energy technology 
investments were made with perfect foresight about the post-accession 
price, emissions prior to graduation would be only slightly higher than 
the optimal stabilization path. That is, if a country agrees to adopt a 
high carbon price in a future time period and if market participants 
view this announcement as credible, the effect of the policy is not far 
from the optimal policy of participation from the beginning. Such 
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is the magnitude of the “shadow” that future prices cast back on 
investment decisions by fully rational, forward-looking actors. Many 
observers, however, believe this is not a fi tting description of likely 
pre-accession behavior for developing countries, whose governments 
are currently unwilling and unable to set a credible future price on 
carbon. Instead, our scenario refl ects a world in which “graduation” 
corresponds to the establishment of credible abatement incentives.

Progressive targets

The graduated accession scenario assumed that, as countries join the 
coalition, they immediately adopt the world optimal carbon price, 
which is growing over time at approximately the rate of interest. A 
more realistic political outcome may be that the stringency of the 
emissions target adopted by different countries gradually increases 
over time. Frankel (2007) observed that targets agreed to for the fi rst 
commitment period of the Kyoto Protocol, when converted to implicit 
percentage reductions from a projected baseline, were progressively 
correlated with per capita income at the time of negotiation (Frankel 
2007). Poorer countries were willing to adopt targets that represented 
smaller percentage reductions from BAU emissions than higher-
income countries. This relationship suggests a simple rule that could 
be used to estimate reasonable targets for developing countries as their 
incomes rise. The threshold for accepting positive emission reduction 
commitments in 2010 was a per capita income of around $4,500 (in 

Table 26.3 Progressive emissions reduction targets

Per Capita Income 
thousands of US$(2000)

Corresponding Emissions 
Reduction Target below 
BAU

2005 2015 2025 2035 2020 2030 2040 2050

China 3.6 6.3 10.6 16.2 —   5% 11% 17%

Other mid-income 10.8 13.0 16.6 21.4 11% 14% 17% 21%

India 2.0 3.1 5.1 7.9 — —   2%   7%

Other low-income 2.9 3.6 4.9 6.7 — —   1%   5%
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year 2000 currency) in 1996.11 At the upper end of the range, a large 
group of countries with per capita incomes around $30,000 in 1996 
adopted targets that were roughly 25 percent below their projected 
BAU emissions for 2010. Using these two points and assuming a loga-
rithmic relationship (as indicated by the data), we construct a simple 
rule for determining an “acceptable” quantitative reduction target 
based on per capita income (with an approximate fi fteen-year lag). 
The following table shows results for the four non-Annex B regions, 
using exogenous growth projections in MERGE as the basis for 
average income levels (which begin with the fi gures for 2005, in PPP 
terms, published by the IMF in 2008).

Based on our simple rule, only the mid-income group had an 
average income level high enough in 2005 to indicate that participa-
tion beginning in the next commitment period (i.e., between 2010 
and 2020) is likely. China would be the next to join the coalition, but 
only with a 5 percent reduction from BAU by 2030 and a 17 percent 
reduction by 2050. In the previous scenario, when China adopted the 
optimal stabilization price in 2030, abatement by 2050 reached 45 
percent below BAU in 2050. India and other low-income countries 
are unwilling to adopt targets before 2040 and still have not signifi -
cantly reduced emissions by 2050. Figure 26.8 shows the projected 
global emissions pathway through 2050 if these targets were adopted 
and met (termed the “progressive targets” scenario), again assuming 
that the optimal carbon price for achieving the 550 target is applied 
in Annex B.

In this case, the progressive reduction targets modeled do not lead 
to a global downturn in emissions before 2050. Under such a scheme, 
stabilization even at the 550 ppmv level appears doubtful. This is par-
ticularly true if we assume that the same rule applies to commitments 
beyond 2050. In the “graduated 550 tax” scenario shown in Figure 
26.7, we assumed that “graduating” countries adopted the optimal 
world price so that, in the long run, emissions returned to close to the 
stabilization path. In the “progressive targets” scenario, even if we 

11 We interpret this income level as representative of real purchasing power for 
the purposes of comparison to future income projections. If, as is more likely, it 
refl ects a conversion at market exchange rates, the true purchasing power value 
of the threshold income would be higher. Thus we are potentially underestimat-
ing the level of wealth necessary for a country to accept a positive reduction 
target.
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assume that countries begin to converge to the optimal stabilization 
price once they reach the $30,000 income level, the long-run global 
emissions path remains high. Figure 26.9 shows these two scenarios 
over the full 100-year time horizon. With the progressive target rule, 
emissions from the lowest-income countries alone rise to nearly 8 GtC, 
approximately equal to today’s global total. If the targets are inter-
preted as allocations of permits and if global trading is allowed among 
regions above the income threshold, many developing countries would 
export their permits to Annex B. In this case the regional distribution 
of emissions would change, but the global total would not. Thus if 
developing countries are only willing to adopt targets commensurate 
with Annex B commitments during the initial Kyoto negotiations, 
long-term climate stabilization will likely not be possible.

Costs of alternative proposals

We now turn to an examination of the economic costs involved for 
the various scenarios under consideration, as well as the potential 
environmental outcomes.
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Abatement costs

When policies are introduced to create incentives for emissions 
 reductions, more expensive, lower-carbon energy technologies are 
deployed (to the extent they are available). This shift leads to direct 
costs in terms of lost consumption due to higher energy expenditures, 
but also to deadweight loss in terms of reductions in energy use and 
economic activity. When more advanced low-emitting technologies are 
available for deployment at the necessary scale, the costs associated 
with achieving a particular emissions reduction goal are reduced.12 We 
measure the total cost of the abatement effort at a given point in time 
in a given region by the loss in gross domestic product (GDP) relative 
to the no-policy reference scenario. Costs can also be summed across 
regions to measure the total burden of a particular scenario. Figure 
26.10 shows the effects on gross world product (GWP) for the two 
optimal stabilization cases, as well as for the two alternative scenarios.

A fi rst observation is that the policy costs of the optimal 450 stabi-
lization scenario rise quickly to over 6 percent of global income. The 
costs of the 550 scenario (although considerably higher than those cal-
culated by MERGE for the same target in the CCSP report), are lower 
than the 450 scenario, rising to 2 percent of global income by 2060 and 
to 3.5 percent by 2100. In the graduated 550 tax scenario, costs are 
lower initially because not all countries are undertaking abatement.13 
In the long run, however, even though emissions are not as low as in 
the optimal 550 case (i.e., the target is not being met), policy costs are 
higher because long-lived investments in carbon-emitting technolo-
gies (such as coal-fi red electric power plants) made in the interim by 
non-participating regions have made the transition more diffi cult. 
This result helps to illustrate that not only are global environmental 
goals jeopardized the longer developing countries remain outside the 
coalition, but also the global cost burden of achieving a given target is 
increased by their adherence to a BAU path. Finally, global costs are 
lowest in the progressive targets scenario because emissions remain 
substantially above the levels required for stabilization at 550 ppmv. 

12 See Richels and Blanford (2008) for an application of the MERGE model to the 
value of technology in development in the context of the US electric sector.

13 Because MERGE is an inter-temporal optimization model, consumption can be 
shifted over time to maximize welfare. This sometimes results in negative costs 
in non-participating regions but it is a minor effect.
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If targets are allocated as globally tradable permits, total GWP losses 
are slightly less than if the targets refl ect actual reductions realized in 
each region.

GDP losses in a particular region depend on both the stringency 
of the target adopted (i.e., the region’s effective carbon price), and 
on physical characteristics such as the set of available low-carbon 
technologies and initial conditions with respect to energy use in the 
economy and the age of the capital stock.14 Regional costs also depend 
importantly on the implementation of the policy, which can set rules 
for allocating the global cost burden across countries according to 

14 Because MERGE assumes an exogenous growth path, as discussed in the model 
calibration section, it does not include a link between energy costs and total 
factor productivity growth. Particularly for developing countries, abatement 
costs could be larger than our estimates if increased energy expenditures induce 
a negative feedback on productivity growth.
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equity principles or the outcome of international negotiations. We do 
not investigate the implications of alternative burden-sharing schemes 
in this analysis.

However, our results do offer some insight into the way abate-
ment effort affects regional economies independent of equity-related 
transfers. Figure 26.11 maps emissions reductions on the x-axis to 
economic cost on the y-axis for each region and each time period up 
until 2050 for the 550 optimal case. In the top panel of the fi gure (A), 
abatement and cost are expressed in terms of percentage reductions 
from the reference case, while in the bottom panel (B), reductions 
are expressed in absolute terms. In this fi rst-best scenario, marginal 
abatement cost is equalized across regions in optimally satisfying the 
long-term constraint, and each country bears the cost of reducing its 
emissions up to the effi cient price. The correlation of total abatement 
cost exhibited in Figure 26.11(B) suggests in addition that intrinsic 
emissions reduction opportunities are similar across regions; they vary 
only in scale, with China by far the largest. On the other hand, Figure 
26.11(A) shows that in rapidly growing countries such as China and 
India, the same percentage reduction in emissions corresponds to a 
greater percentage reduction in GDP than in Annex B countries. It is 
discrepancies in this dimension that drive the need for equity-based 
adjustments. If such adjustments cannot be accomplished with com-
pensating fi nancial transfers, parity in percentage-based GDP impact 
can only be achieved by limiting the percentage reductions in emis-
sions in countries like China and India, as in the progressive targets 
scenario. However, this approach has been demonstrated above to 
yield comparatively little environmental protection.

Environmental outcomes

Ultimately, society must choose an appropriate balance between the 
near-term economic cost of abatement and the long-term environmen-
tal risks posed by increased global temperature. We do not undertake 
such a benefi t–cost analysis here, but we provide an estimate of how 
these emissions scenarios translate into environmental outcomes. In 
the extremely stringent optimal 450 scenario, radiative forcing from 
the GHGs covered by the Kyoto Protocol was, by defi nition, limited 
to 3.4 W/m2. When combined with other exogenously specifi ed 
forcing agents in our analysis, principally the gases regulated under 
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the Montreal Protocol and the cooling effect (i.e., negative forcing) 
from sulfur aerosols,15 total radiative forcing stabilized at approxi-
mately 3.0 W/m2. The equilibrium temperature increase above pre-
industrial associated with sustained forcing of this magnitude depends 
on our assumption about climate sensitivity. This parameter, the key 
uncertainty in understanding anthropogenic impacts on the climate 
system, is defi ned as the equilibrium temperature increase associated 
with a doubling of atmospheric CO2, which corresponds to a radia-
tive forcing of 3.7 W/m2. The latest assessment by the IPCC (2007) 
reports a global average temperature increase of 3 degrees Celsius (°C) 
relative to pre-industrial for the median value of climate sensitivity. 
Accordingly, our 450 scenario leads to a median equilibrium tempera-
ture increase of 2.4°C above pre-industrial.16

This result implies that limiting the increase in global average 
surface temperature (or more precisely, our median estimate of tem-
perature increase) to 2°C would be even more costly than the scenario 
illustrated here, even with optimal participation. For the 550 scenario, 
forcing from the Kyoto gases is held to 4.7 W/m2, resulting in a total 
net forcing of 4.2 W/m2. In this case, we observe a median temperature 
increase of 3.4°C by 2200. In the graduated 550 tax scenario, total 
radiative forcing is not stabilized: it reaches 4.5 W/m2 by the end of the 
century and continues to rise. This leads to a temperature increase of 
3.8°C by 2200. In the progressive targets scenario, radiative forcing is 
much higher at the end of the century, around 5.8 W/m2, resulting in a 
median temperature increase that eventually exceeds 5°C (depending 
how quickly emissions are reduced after 2100). These results are sum-
marized in Table 26.4 and Figure 26.12, which include temperature 
outcomes for a broad range of climate sensitivity assumptions corre-
sponding to the IPCC’s 90 percent confi dence interval.

15 The exogenous forcing from both Montreal gases and sulfur aerosols declines 
over time—in the former case due to enforcement of the Montreal Protocol and 
in the latter case due to increased use of sulfur control technologies for coal 
plants or, in the policy scenarios, reduced use of coal without carbon capture 
and sequestration.

16 The equilibrium temperature response to forcing levels other than 3.7 W/m2 is 
proportional to climate sensitivity. For example, in the 450 optimal case, equi-
librium temperature is equal to (3.0 ∕ 3.7) × 3 = 2.4°C. For median and lower 
climate sensitivity, the equilibrium response is realized by 2200. For higher 
climate sensitivities, we must assume a slower response time for consistency 
with current observations, so that even when forcing is stabilized by 2100 or 
before, equilibrium temperature is not reached by 2200.
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Table 26.4 Radiative forcing and temperature outcomes

Radiative forcing
(W/m2) in 2100

Temperature increase (°C above 
pre-industrial) by 2100 (2200) with 
alternative climate sensitivities

From 
Kyoto 
gases

Total 
(including 
aerosols)

1.5 (5th 
%-ile)

3.0 (50th 
%-ile)

6.0 (95th 
%-ile)

450 Optimal 3.4 2.9 
(stabilized)

1.2 (1.2) 2.2 (2.4) 2.6 (3.5)

550 Optimal 4.7 4.2 
(stabilized)

1.7 (1.7) 3.1 (3.4) 3.3 (4.9)

Graduated 
550 Tax

5.0 4.5 (not 
stabilized)

1.8 (2.0) 3.2 (3.8) 3.4 (5.6)

Progressive 
Targets

6.3 5.8 (not 
stabilized)

2.3 (3+) 3.7 (5+) 3.7 (7+)

Reference 7.6 7.1 (not 
stabilized)

2.7 (4+) 4.2 (8+) 4.1 (10+)

0 2 4 6 8 10

450 Optimal

550 Optimal

Graduated 550 Tax

Progressive Targets

Reference Case

Pre-Industrial to Current

Current to 2100

2100 to 2200

Climate Sensitivity %-ile

5% 50% 95%

°C

Figure 26.12. Average surface temperature increase above pre-industrial
Current average surface temperatures are roughly 0.7°C above pre-industrial.  Error 
bars are shown around total warming through 2200 corresponding to the 5th–95th 
percentile confi dence interval for climate sensitivity.  Even in the 450 optimal case, 
median temperature increase exceeds 2°C.
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Conclusion

The recent acceleration of energy-related emissions in the developing 
world, particularly in China, has taken many analysts by surprise. Our 
results indicate that with an updated view of near-term prospects for 
growth and opportunities for abatement, keeping the concentration of 
CO2 in the atmosphere below the 450 ppmv level would require immedi-
ate action in all countries. As little as one decade of unconstrained emis-
sions growth in non-Annex B countries could compromise the world’s 
ability to meet a target of this stringency. At the same time, a target in the 
range of 550 ppmv CO2 has become almost as diffi cult to achieve as the 
450 ppmv target appeared just a few years ago. This trend will continue 
as long as growth in global emissions continues unabated. Moreover, 
an impending recession, even if it effectively stops economic growth for 
two years, does not mitigate the severity of the climate challenge we face, 
nor change the fundamental reality that the majority of future emissions 
(and required abatement) will occur in the developing world.

Therefore a critical design element for post-Kyoto international 
climate policy should be the creation of incentives for abatement 
outside of Annex B. Global policy measures must engage develop-
ing countries, especially China, soon and in a meaningful way if 
 stringent stabilization goals are to be achieved. Such engagement must 
be accompanied by emissions reductions in Annex B countries and 
may also require signifi cant fi nancial incentives from the developed 
world, depending on the negotiated burden-sharing scheme. It is in all 
nations’ interests to work cooperatively to limit our interference with 
the global climate.
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Appendix A. Technology in MERGE

Table 26.A1 describes technological options in the electric sector. 
Parameter ranges refl ect the improvement path over time. For Annex B 
countries, coal with capture and new nuclear plants are fi rst available 
in 2020, with improvement beginning in subsequent decades through 
2050. In other regions, we assume the same technologies become avail-
able, lagged by one decade in the case of China and other mid-income 
countries, and two decades in the case of India and other low-income 
countries. Table 26.A2 shows our assumptions for  non-electric energy 
technologies.

Table 26.A1 Electric generation technology assumptions

Existing Technologies*

Coal LCOE° = $25 / MWh
Effi ciency = 33%

Natural Gas LCOE° = $52 / MWh#

Effi ciency = 40%

Nuclear LCOE° = $25 / MWh

Hydroelectric, etc.† LCOE° = $20 / MWh

New Technologies

Coal (without CCS) LCOE° = $57 − $41 / MWh
Effi ciency = 38% − 46%
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New Technologies

Coal with CCS First available in 2020
LCOE° = $80 − $56 / MWh
Effi ciency = 31% − 42%
Capture rate = 90%

Natural Gas (without CCS) LCOE° = $50 − $70 / MWh#

Effi ciency = 49% − 60%

Natural Gas with CCS First available in 2020
LCOE° = $84 − $110 / MWh#

Effi ciency = 39% − 42%
Capture rate = 90%

Nuclear (new ALWR)‡ First available in 2020
LCOE° = $40 − $37 / MWh
Non-market cost‡ = $10 / MWh

Wind LCOE° = $86 − $62 / MWh

Biomass LCOE° = $86 − $69 / MWh

Solar (thermal) LCOE° = $144 − $66 / MWh

Solar (photovoltaic) LCOE° = $225 − $81 / MWh

* Capital costs are assumed to be fully recovered for existing generation assets and hence 
are omitted from the levelized cost calculation.
° LCOE refers to full levelized cost of electricity.
# LCOE for existing natural gas generation is shown for the base year price for natural gas. 
The full range of natural gas prices reported in the model is shown in the LCOE projec-
tions for new natural gas generation.
† This category, while predominantly hydroelectric, includes all categories of renewables 
in place in the base year.
‡ ALWR refers to advanced light water reactor. We assume that the cost of nuclear genera-
tion has a market and non-market component. The latter, which is calibrated to current 
usage, rises proportionally to market share and is intended to represent public concerns 
about security and environmental risks in the technology and associated nuclear fuel cycle. 
Non-market costs are not included in the LCOE calculation.

Table 26.A1 (cont.)

Appendix B. Scenario Descriptions

Table 26.B1 provides an overview of the scenarios presented in the 
policy analysis section of this paper. All scenarios use the reference 
assumption for growth in developing countries discussed in the earlier 
part of the paper.
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Table 26.B1 Overview of scenarios

450 and 550 
Optimal

Graduated 
550 Tax

Progressive 
Targets

Policies Enacted
Annex B Optimal price Optimal price 

(550)
Optimal price 

(550)
Non-Annex B Optimal price Optimal price 

(550) after 
graduation

Quantity targets 
corresponding 
to income

Year after which 

participation 

begins

Annex B 2010 2010 2010
China 2010 2020 2020
Other mid-income 2010 2020 2010
India 2010 2040 2030
Other low-income 2010 2050 2030

Table 26.A2 Non-electric energy technology assumptions

Coal (for direct use) Cost = $2 − $3 / GJ

Petroleum (cost rises with extraction 
and depends on region)

Cost = $3 − $20 / GJ

Natural Gas (cost rises with extraction 
and depends on region)

Cost = $4 − $20 / GJ

Synthetic (coal-based) Liquids Cost = $11 / GJ
Biofuels Cost = $10 / GJ
Non-Electric Backstop Cost = $25 / GJ

Table 26.B2 gives details of the composition of regions in the 
analysis. Note in particular the “rest of OECD” includes only 
those members of the OECD which were also parties to the Kyoto 
Protocol, that is, it excludes Korea, Mexico, and Turkey. The distinc-
tion between the mid-income country grouping and the low-income 
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Table 26.B2 Regional composition

Rest of OECD Other Mid-Income Other Low-Income

EU27 + Iceland, 
Norway and 
Switzerland

Australia
Canada
Japan
New Zealand

Argentina
Brazil
Chile
Korea
Malaysia
Mexico
South Africa
Taiwan
Thailand
Turkey
Other small high- and mid-

income countries

OPEC countries
Other Asia
Other Latin America
Other Middle East
Low-income Former
  Soviet Republics
Sub-Saharan Africa

country grouping was made on the basis of current per capita income. 
The dividing threshold was roughly $6,000 per capita (in year 2000 
$US PPP). One exception is the wealthy oil-exporting countries of 
Kuwait, Qatar, and United Arab Emirates, which were placed in 
the low-income group along with other oil-exporters. Also, rela-
tively high-income countries who are not members of the OECD or 
Annex B, such as Israel and Singapore, are placed in the mid-income 
group.



857

27 Expecting the unexpected: 
macroeconomic volatility and 
climate policy*

Warwick J.  McKibbin, adele morris
and Peter J.  Wilcoxen

Introduction

The global fi nancial crisis, a deepening global recession, and  continued 
turmoil in credit markets drive home the importance of developing a 
global climate architecture that can withstand major economic dis-
ruptions. A well-designed global climate regime and the attendant 
domestic policies in participating countries need to be resilient to large 
and unexpected changes in economic growth, technology, energy 
prices, demographic trends, and other factors that drive costs of abate-
ment and emissions. Ideally, the climate regime would not exacerbate 
macroeconomic shocks, and would possibly buffer them instead, 
while withstanding defaults by individual members. Because climate 
policy must endure indefi nitely in order to stabilize atmospheric 
 concentrations of greenhouse gases (GHGs), all sorts of shocks will 
occur at some stage in the policy’s existence. Anticipating such shocks 
may mean rejecting policies that might reduce emissions reliably in 
stable economic conditions but would be vulnerable to collapse—with 
consequent deterioration in environmental outcomes—in volatile 
conditions.

Macroeconomic volatility is the practical manifestation of an issue 
that has received considerable attention in the theoretical literature on 
the design of environmental policies: uncertainty about the costs and 

* Prepared for the Harvard Project on International Climate Agreements (HPICA). 
The authors thank Waranya Pim Chanthapun for excellent research assistance 
and an anonymous referee for very useful suggestions. The views expressed in 
the chapter are those of the authors and should not be interpreted as refl ecting 
the views of any of the above collaborators or of the Institutions with which the 
authors are affi liated including the trustees, offi cers or other staff of the ANU, 
Lowy Institute or The Brookings Institution.
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benefi ts of reducing emissions.1 In particular, macroeconomic shocks 
can cause the cost of regulation to be much higher or lower than 
anticipated. Unexpectedly stringent and costly regulations may become 
political lightning rods. Recent world events, for example, highlight 
the fact that economic surprises can subject governments to enormous 
pressures to relax or repeal taxes or other policies perceived to impede 
economic growth. For a climate policy to survive future shocks, there-
fore, it must not violate time consistency: it must be optimal for each 
government to continue to enforce the policy even when confronted 
with sharp departures from the conditions expected when the govern-
ments undertook the commitments. All else equal, a climate regime 
that exacerbates downward macroeconomic shocks or depresses the 
benefi ts of positive macroeconomic shocks would be more costly and 
less stable than a system that better handles global business cycles and 
other volatility.

The stability of the policy has important environmental implica-
tions for two reasons. First, collapse of the policy could set back 
progress on emissions reductions for years. Second, decisions of 
economic actors depend on their expectations of future policy, and 
this dependency affects the performance of the policy itself.2 In the 
case of climate change, a system that is more robust to shocks, and 
is thus more likely to persist, would increase the expected payoffs of 
investments in new technologies and emissions reductions relative to 
a system that is less robust. In particular, a system of rigid and ambi-
tious targets may seem the most environmentally rigorous approach, 
but if the rigidity decreases the probability the agreement would be 
ratifi ed, or reduces compliance, or limits long-term participation, 
households and fi rms will take that into account in their investment 
decisions. They will invest too little in abatement and alternative 
energy technologies, causing the system to be less effective in practice 
than one with more fl exibility. If governments try to compensate for 
low credibility by imposing a more stringent target, they could inad-
vertently worsen the incentives for investment by further reducing 
the program’s credibility. This all points to the central importance 

1 See, for example, Weitzman (1974), Roberts and Spence (1976), Pizer (1997), 
McKibbin and Wilcoxen (1997), Pezzey (2003), von Below and Persson (2008), 
Hoel and Karp (2002) and Quirion (2004).

2 Kydland and Prescott (1977) make this point more broadly.
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of establishing a regime that is credibly robust to changing economic 
conditions.

This chapter uses the G-Cubed model to explore how shocks in 
the global economy propagate differently depending on the design of 
the climate policy regime. G-Cubed divides the world economy into 
ten regions: the United States, the European Union, Japan, Australia, 
the remaining member-countries of the Organisation for Economic 
Co-operation and Development (OECD), Eastern Europe and the 
former Soviet Union, China, India, other developing countries, and 
oil-exporting developing countries.3 Using the model, we construct 
two reference case scenarios for policies to address climate change: 
a quantity-based approach similar to an international cap-and-trade 
system and a price-based approach similar to a harmonized carbon 
tax.4 The scenarios are calibrated so that they produce identical emis-
sions levels and marginal abatement costs in the absence of unexpected 
shocks. We then subject each of the policies to two kinds of shocks rel-
evant to recent experience: (1) a positive shock to economic growth in 
China, India, and other developing countries, and (2) a sharp decline 
in housing markets and a rise in global equity risk premiums, causing 
severe fi nancial distress in the global economy. We analyze the effects 
of each shock on key economic indicators for the fi rst decade after the 
shock occurs. We compare the results from the two policy regimes and 
draw inferences about the strengths and weaknesses of each regime in 
the context of these economic disruptions. We then compare the two 
regimes against a hybrid policy, such as the one described in McKibbin 
and Wilcoxen (2002a).

A number of authors have explored the properties of different 
climate policies under uncertainty. Much of the work has focused 
on the relative advantages of intensity-based approaches in which 
national emissions targets are indexed to gross domestic product 
(GDP). For example, Ellerman and Sue Wing (2003) and Sue Wing 

3 The model is summarized in Appendix A and described more fully in McKibbin 
and Wilcoxen (1998).

4 The quantity and price approaches we model are polar policy cases that produce 
the most extreme potential interactions of climate policy and macroeconomic 
shocks. Other policy proposals, such as a cap-and-trade system that allows 
banking, lie between these poles, so our results refl ect the bounds of likely 
climate policy on the effects of interest.



et al. (2006) compare the performance of an intensity-based policy 
to a traditional system of fi xed absolute emissions limits when future 
GDP growth is uncertain. They fi nd that the intensity-based system 
leads to abatement that is more predictable and less volatile. Jotzo 
and Pezzey (2005) examine GDP-indexed intensity targets in an inter-
national context and show that by reducing uncertainty, indexing 
can encourage countries to adopt more stringent emissions targets 
than would be optimal under a traditional permit system. Fischer 
and Springborn (2007) add to the literature by examining the per-
formance of intensity targets under uncertainty using a real business 
cycle model. They point out that although intensity-based policies 
provide greater stability of abatement than ordinary permit systems, 
it comes at the cost of increasing the variability of emissions. They 
also emphasize that conventional permit systems act as a form of 
automatic stabilizer, with permit prices (and therefore the effective 
stringency of the policy) increasing in economic booms and decreas-
ing during downturns.

In this study we extend the literature in two respects: we explore 
how the global climate regime can affect the propagation of shocks 
between economies, and we use that information to evaluate the 
merits of a hybrid policy. We fi nd that although quantity-based 
and price-based climate regimes are similar in their ability to reduce 
carbon emissions effi ciently in the absence of shocks, they differ 
importantly in how they affect the transmission of economic distur-
bances between economies. In particular, a quantity target with an 
annual cap on global emissions can cause unexpectedly high growth 
in one country to reduce growth in other economies or even force their 
growth to be negative. The rise in the global carbon price caused by 
higher growth in one economy can have a larger negative impact on 
other economies than the positive spillover of growth through trade. 
This effect is absent in the price-based regime. However, in the case 
of the global fi nancial crisis we fi nd that the quantity-based approach 
works well because it is globally counter-cyclical: carbon prices fall 
as the world economy slows, which acts to dampen the economic 
slowdown. A hybrid policy, however, could achieve the best of both 
policies: it could provide the counter-cyclical advantages of a permit 
system in a downturn but also provide the fl exibility of a price-based 
mechanism in a boom.
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We discuss each climate policy system in more detail in the next 
section of this chapter. Subsequent sections review key sources of 
uncertainty in the design of climate policy and describe the particular 
shocks we introduce into the model, discuss our modeling results, and 
draw policy-relevant insights.

Alternative climate policy regimes

Analysts have offered a wide range of alternative frameworks for 
international climate policy once the Kyoto Protocol expires in 
2012.5 Each of these approaches has advantages and disadvantages 
with respect to stability in the face of shocks. Some propose an agree-
ment similar to the Kyoto Protocol with targets and broader par-
ticipation. Frankel (2007) explains that targets could be indexed to 
economic growth so that parties do not face unanticipated stringency 
with strong economic growth or benefi t from international allowance 
sales when their emissions reductions are a result of economic down-
turns, rather than explicit actions on climate. Bodansky (2007) argues 
that targets and timetables have proven to be politically untenable 
for those who sat out the Kyoto Protocol and that a successor agree-
ment should therefore be more fl exible. For example, a new agree-
ment could include an explicit range of domestic actions that parties 
could take, including taxes, effi ciency standards, and indexed targets, 
with the mix chosen at the discretion of each party. Some combina-
tion of targets and timetables for industrialized countries and more 
fl exible provisions for developing countries could emerge as parties 
seek to expand participation and China and India resist hard national 
targets.

An agreement that is tailored at least to some extent to different 
countries’ national circumstances is likely. Nonetheless, it is useful to 
examine more analytically tractable policies. Analysts have paid par-
ticular attention to an international system of binding emissions caps, 
like the Kyoto Protocol, that reaches a specifi ed target with certainty 
(at least in principle) and a system of agreed price signals on GHG 
emissions, such as a harmonized carbon tax, which promises a certain 
level of effort but leaves emissions levels uncertain. For example, 

5 See for example Aldy and Stavins (2007).



Nordhaus (2006) and others fi nd that a price-signal approach reduces 
the risk of inadvertent stringency and is likely to be more effi cient than 
a system of hard caps in the context of uncertainty over both the costs 
and benefi ts of abatement.

In addition to conventional price or quantity approaches, hybrid 
policies have been proposed that would combine features of cap-and-
trade and a tax in a way that seeks to capture the advantages of each. 
The hybrid system proposed in McKibbin and Wilcoxen (2002a and 
2002b) would create and distribute a set of long-term permits, each 
entitling the owner to emit a specifi ed amount of carbon every year for 
the life of the permit. Once distributed, the long-term permits could be 
traded among fi rms, or bought and retired by environmental groups. 
In addition, the government would agree to sell annual permits for 
a pre-set but increasing fee (possibly harmonized within an interna-
tional agreement). There would be no restriction on the number of 
annual permits sold, but each permit would be good only in the year 
it is issued.

Under the McKibbin-Wilcoxen hybrid system, if robust economic 
growth leads to more demand for emissions permits than can be sat-
isfi ed by the long-term permits alone, the government would supply 
the difference via annual permits, and the policy would essentially 
function as a tax at the margin. However, during a severe downturn, 
the demand for permits could drop enough that it could be sup-
plied entirely by long-term permits. In that case, the rental price of 
a permit would drop below the government’s annual permit price, 
and the policy would behave like an ordinary permit system. As we 
discuss below, the fact that the hybrid policy can perform like a tax 
in a boom and like a permit system in a downturn is an important 
strength.

A key attribute of any climate policy is its ability to create a con-
stituency that would oppose the repeal of the policy.6 Any signifi cant 
policy to reduce GHG emissions will have important distributional 
implications within the country that adopts it. Large transfers of 
income that involve organized sub-groups are particularly likely to 
affect the political dynamics of the program. Such transfers could 
become increasingly important as the stringency of the climate policy 
increases, particularly if marginal abatement costs do not fall over 

6 For a discussion of this topic, see McKibbin and Wilcoxen (2002a, 2002b).
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time. For example, a carbon tax that contributes to general govern-
ment revenue could generate increasingly strong political pressure for 
its repeal or relaxation as the tax rate rises. This could be true even if 
the tax is fully revenue neutral because as the effect on energy prices 
becomes increasingly salient, energy-intensive stakeholders would 
organize against it. A carbon tax that generates revenues that are 
earmarked for particular purposes may develop the same sort of con-
stituency that other special-interest tax provisions do, and the political 
contention would then be between recipients of the revenue and those 
on whom the tax falls.

A hybrid system or a conventional cap-and-trade policy in which 
all the allowances are in the hands of private actors, such as electric 
utilities, produces a constituency with a strong fi nancial stake in 
perpetuating the policy, which may help counteract objections from 
those who bear the costs of abatement, such as electricity consum-
ers. However, a cap-and-trade policy with annual allowance auctions 
and revenue recycling would run some of the same political risks as 
a carbon tax that funds the general treasury, with the exception that 
holders of banked allowances and of private futures and options con-
tracts on emissions allowances would have an incentive to preserve 
their asset values.

Sources of uncertainty and shocks

Many uncertainties affect the optimal climate policy and the willing-
ness of individual countries to undertake binding international com-
mitments. A key uncertainty is the cost of complying with any given 
commitment, making it risky for a country to agree to a hard target 
that may later prove to be infeasible. Uncertainty in economic growth, 
energy prices, and the development and cost of abatement technolo-
gies all contribute to uncertainty in costs.7 Because these factors are 
not necessarily correlated, together they could amplify or attenuate the 
overall stringency of the program. For example, higher-than-expected 
macroeconomic growth would increase the stringency of a given cap, 

7 For a range of estimates of the costs of complying with the Kyoto Protocol, 
see Weyant (1999). Other studies include Bohringer (2001), Kemfert (2001), 
Buchner et al. (2002), Loschel and Zhang (2002), and International Monetary 
Fund (2008). Literature surveys appear in the Intergovernmental Panel on 
Climate Change (2001, 2007).



but if accompanied by the development of technologies with lower-
than-expected abatement costs, the net effect of these dual shocks 
could be modest. But at its core, the targets-and-timetables approach 
requires each participant to achieve its national emissions target 
regardless of the cost of doing so. Even if the targets are indexed to 
factors correlated with the feasibility of the target, the basic approach 
does not bound costs.

The history of the Kyoto Protocol shows that ambitious targets do 
not guarantee signifi cant reductions. Countries facing potentially high 
costs either refused to ratify the Protocol, such as the United States, 
or have so far failed to achieve an emissions level consistent with 
their 2008–2012 targets. The latter group is not necessarily out of 
compliance with the Protocol since it may be possible for those coun-
tries to acquire allowances from other Protocol participants before 
the end of the commitment period. However, countries that are on 
track to reduce emissions to match their assigned amounts have been 
aided by historical events largely unrelated to climate policy, such 
as German reunifi cation, the Thatcher government’s reform of coal 
mining in Britain, or the collapse of the Soviet economy in the early 
1990’s. This suggests that despite the sincere intentions of those 
countries that ratifi ed the Kyoto Protocol, the targets negotiated in 
1997 did not fully anticipate the economic expansion of the ensuing 
years.

The uncertainty each country faces around its own growth matters, 
but in a global economy—and particularly with international allow-
ance trading—other countries’ growth matters too. For example, 
even if a country perfectly predicts its own economic performance, 
higher-than-expected growth in another major economy could induce 
inadvertent stringency by increasing the global demand for permits. 
To quantify this effect and others, we explore in the next section what 
happens if China, India, and other developing countries experience 
unexpectedly high levels of growth during the tenure of a climate 
policy. We compare and contrast the impacts of this shock in a regime 
with a harmonized global price on carbon versus a global cap-and-
trade system.

The experiment is highly pertinent to recent growth trends in Asia. 
As an example of how diffi cult it is to project the future even over 
short periods, Figure 27.1 (from McKibbin, Wilcoxen, and Woo 
[2008]) shows projections for Chinese energy consumption from 
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the 2002 International Energy Outlook and the 2007 International 
Energy Outlook.8 Both reports included projections for 2010, 2015, 
and 2020. The surprising fact is that, for each of those future years, 
China’s projected energy consumption in the 2007 report’s  low-growth 
scenario was above its projected energy consumption in the 2002 
report’s high-growth scenario. For example, the 2002 high-growth 
forecast for 2020 was 103 quadrillion British thermal units (BTU) and 
the 2007 low-growth forecast for 2020 was 107 quadrillion BTU: that 
is, the updated low-growth forecast was 4 quadrillion BTU above the 
original high-growth forecast.

The change in the International Energy Outlook’s reference-case 
energy consumption forecast for China underscores how much expec-
tations changed between the two editions: the 2002 reference-case 
forecast was 84 quadrillion BTU in 2020, and the 2007 reference-
case forecast was 113 quadrillion BTU in 2020—an upward revision 
of 34 percent. Even more important, China’s carbon dioxide (CO2) 
 emissions in 2005 were 50 percent higher than predicted based on the 
forecast made in 2002. A surge in energy use since 2002 is obvious 
from the fi gure; this surge resulted from accelerated GDP growth 
since 1998 as well as a rise in the energy intensity of GDP. The shift 

8 US Energy Information Administration (2002, 2007).
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in the energy intensity of the Chinese economy, in turn, was driven by 
increased electrifi cation, greater energy demand from manufacturing, 
greater energy demand by households, and increased use of cement 
and steel with rising infrastructure spending. The unexpected growth 
shock we discuss in the next section is similar to that actually experi-
enced by China over this period.

For comparison, we also examine a second unexpected event: a 
fi nancial crisis of roughly the same magnitude as the one that began 
unfolding in the fall of 2008. As we discuss in the next section, we 
impose an unexpected fall in the return to housing in each economy, 
with the largest drop occurring in the United States. We add to this 
an exogenous rise in the equity risk premium in all sectors in all 
economies. Together, these shocks cause a substantial fi nancial crisis, 
including a sharp drop in equity markets, declines in household 
wealth, a sharp contraction in consumption, a jump in the required 
rate of return on investment, and a sharp decline in investment. These 
adjustments lead to a global recession.

Methodology and results

In this section we use a global economic model called G-Cubed to 
explore uncertainties in costs and carbon abatement under a pair of 
alternative climate policies. G-Cubed is a widely-used intertempo-
ral general equilibrium model of the world economy. It divides the 
world into the ten regions listed in Table 27.1: the United States, 
Japan, Australia, Europe, a region representing the rest of the OECD 
(often abbreviated ROECD in the remainder of the chapter), China, 
India, oil exporting developing countries (OPEC), Eastern Europe 
and the former Soviet Union (abbreviated EEFSU), and a fi nal region 
representing all other developing countries (LDC). Each region is 
subdivided into the thirteen industries listed in Table 27.2. The model 
produces annual results for trajectories running decades into the 
future. Appendix A provides additional details.9

We begin by generating a baseline projection as set out in detail 
in McKibbin and Wilcoxen (2008).10 In the baseline, we assume 

9 See McKibbin and Wilcoxen (1998) for a complete description. The version of 
G-Cubed used in this chapter is 80J.

10 See McKibbin, Pearce, and Stegman (2007) for a discussion of the importance 
of structural change in undertaking long-term projections.
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Table 27.1 Regions in the G-Cubed model

Num Name Description

1 USA United States

2 Japan Japan

3 Australia Australia

4 Europe Europe

5 ROECD Rest of the OECD

6 China China

7 India India

8 OPEC Oil Exporting Developing Countries

9 EEFSU Eastern Europe and the former Soviet Union

10 LDC Other Developing Countries

Table 27.2 Sectors in each region

Num Description

  1 Electric Utilities
  2 Gas Utilities
  3 Petroleum Refi ning
  4 Coal Mining
  5 Crude Oil and Gas Extraction
  6 Mining
  7 Agriculture, Fishing and Hunting
  8 Forestry/ Wood Products
  9 Durable Manufacturing
10 Non-Durable Manufacturing
11 Transportation
12 Services
13 Capital Producing Sector

that one of two canonical, market-based climate policies (discussed 
further below) will be implemented to constrain GHG emissions 
relative to business as usual. Under either policy, emissions in each 
country, and for the world as a whole, are initially allowed to rise 



along a  business-as-usual path until 2028. In effect, we assume that 
through 2028, the baseline climate policy grants each country exactly 
the number of emissions permits it would need to cover its business-
as-usual emissions. After 2028, however, both policies require that 
emissions begin to fall. By 2050, global emissions are 10 percent 
below 2002 levels, and by 2100 they are 60 percent below. This tra-
jectory is consistent with the World Economic Outlook (International 
Monetary Fund [2008]) and provides a useful starting point for evalu-
ating the effects of unexpected shocks that might occur after the policy 
is adopted.

The two climate policies we consider are a global cap-and-trade 
system for CO2 emissions, which we will refer to as a quantity-based 
approach, and a price-based approach calibrated to induce an identi-
cal emissions trajectory. The price-based approach harmonizes the 
marginal cost of carbon abatement globally; it could take the form of 
a harmonized carbon tax, a cap-and-trade system with full banking 
and borrowing, or a hybrid policy along the lines of McKibbin and 
Wilcoxen (2002a).11 The two regimes are normalized so that they 
produce identical trajectories for carbon prices and emissions absent 
any unforeseen shocks.

We then subject each regime to a pair of unexpected shocks: a 
 productivity boom in developing countries and a global fi nancial 
crisis. All told, there are four policy simulations: the two shocks run 
against two climate policies. In each case, we assume that the applica-
ble climate regime is in place when the shock arrives.12 Comparing the 
results for each shock under the two policies illustrates the strengths 
and weaknesses of each approach.

In each scenario, we hold climate and broader economic policy rules 
constant. The fi scal defi cit of each economy is held at its baseline level, 

11 The carbon tax and the hybrid policy would not be equivalent under a more 
severe shock to the world economy. If the shock were suffi ciently damaging, the 
demand for emissions permits in one or more countries might drop low enough 
that no annual permits would be sold in that country. In that case, carbon 
prices would vary across countries, and the hybrid system would have some of 
the counter-cyclical properties of a pure permit system. In the results presented 
here, however, the demand for permits is large enough that at least a few annual 
permits are sold under all circumstances.

12 This approach was chosen to illustrate how each shock affects the global 
economy under each regime. Clearly this is not a refl ection of the current state 
of global climate policy.
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as are tax rates, so changes in tax revenues will result in  corresponding 
changes in government spending.13 The behavior of each region’s 
central bank follows a region-specifi c Henderson-McKibbin-Taylor 
rule with a weight on output growth relative to trend, a weight on 
infl ation relative to trend, and a weight on exchange rate volatility.14 
The weights vary across countries, with industrialized economies 
focusing on controlling infl ation and output volatility, and developing 
countries placing a large weight on pegging the exchange rate to the 
US dollar.

Growth shock in developing countries

The fi rst scenario we consider is an unexpected rise in economic 
growth rates in China, India, and the LDC region. The particular 
shock we analyze is an unexpected increase in labor productiv-
ity growth of 3 percent per year for sixteen years, after which each 
country’s productivity growth returns to its baseline rate. The rise in 
productivity expands the effective supply of labor to each economy, 
rapidly increasing output in each sector and raising GDP. At the same 
time, it also increases the marginal product of capital, which causes 
a large rise in private investment in all three countries. The higher 
investment is fi nanced partly from capital infl ows, which cause each 
of the three currencies to appreciate and the countries’ trade balances 
to worsen, and partly from higher domestic savings. Household con-
sumption, as a result, rises more slowly than GDP. After growth rates 
return to their baseline levels, the three economies are permanently 
larger. After ten years, China’s GDP is about 15 percent larger than it 
would have been in the baseline case, India’s GDP is 18 percent larger, 
and the GDP of the LDC region is almost 20 percent higher.

Strong growth in the developing-country economies is transmit-
ted positively to other countries. Direct transmission occurs through 
increased trade fl ows between developed and developing countries. In 
addition, indirect transmission occurs through higher global wealth 
and increased trade fl ows more generally. The benefi ts of  productivity 

13 The assumption that fi scal defi cits remain fi xed is clearly at odds with the 
current economic situation. We hold them constant in this chapter in order to 
isolate the effect of the shock itself. Future research could assess the impacts of 
fi scal policy used to stabilize emissions and abatement costs.

14 See Henderson and McKibbin (1993) and Taylor (1993).



growth in one country are also transmitted through international 
capital fl ows responding to the return to capital. Capital achieves a 
higher rate of return in rapidly growing economies and the resulting 
capital fl ows raise incomes globally.

The effect of the growth shock on the GDP of other regions is 
shown in Figure 27.2 for the price-based climate policy. The shock 
eventually leads to higher GDP in every country, although the timing 
and magnitude of the increase varies considerably. The United States, 
for example, experiences a slight decline in GDP at the onset of the 
shock, but quickly moves above the baseline. By the tenth year, US 
GDP is nearly 0.5 percent larger than it would have been otherwise. 
Japan experiences an immediate increase in GDP of 0.6 percent and by 
year 10 it is more than 1 percent higher than its baseline. The outcome 
for Australia is similar in timing to that of the United States but larger 
in magnitude: its initial decline is −0.2 percent, about twice the US 
value, and by year 10 its GDP is 0.7 percent above the baseline. Three 
regions, however, experience a signifi cant short-run reduction in GDP: 
ROECD, EEFSU, and OPEC. By year 10, however, GDP in ROECD 
has returned to baseline and GDP in EEFSU and OPEC is substantially 
above baseline.

The acceleration in GDP growth raises energy consumption and 
increases carbon emissions. China’s and India’s emissions grow faster 
than their GDPs: after ten years, China’s emissions are 17 percent 
above baseline even though its GDP has only risen by 15 percent, and 
India’s emissions are 23 percent above baseline while its GDP has 
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Figure 27.2. Effect of a growth shock on GDP, price policy
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increased by 18 percent. For the LDC region, emissions rise roughly 
in proportion to GDP: after ten years, both are about 20 percent 
above their baseline values. The effect of the shock on emissions from 
other regions is shown in Figure 27.3. In all cases, the percentage 
change is much smaller than it was for the countries directly subject 
to the shock. The largest percentage change occurs in Japan, which 
sees its carbon emissions rise by about 2 percent after ten years. 
Emissions in the United States rise by a little more than 1 percent—a 
considerable amount in absolute terms—and by less in most other 
countries. After a decade, emissions are at least slightly higher in all 
regions other than the rest of the OECD, which essentially remains at 
its baseline value.

In contrast, under a quantity-based climate policy the effect of the 
growth shock on GDP is less positive (or more negative) for every 
country in every year. The shock raises demand for energy worldwide, 
which pushes up the price of emissions permits and effectively tightens 
the global emissions constraint. The permit price rises gradually and 
is $11 per ton of carbon ($3 per ton of CO2) higher after ten years. 
The increase in productivity, which would otherwise tend to raise 
GDP, is thus partially offset by the tighter constraint. The overall 
effect varies across countries. China’s GDP after ten years is about 
14 percent larger than the reference case rather than 15 percent. The 
effect on India and the LDC region is similar: year 10 GDP in both 
cases is about 1 percent smaller under the quantity policy than under 
the price-based policy. Although the form of the climate policy affects 
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Figure 27.3. Effect of a growth shock on emissions, price policy



GDP in these countries, the impact is relatively small compared to the 
improvement due to higher productivity growth.

The effects on the remaining countries are shown in Figure 27.4. 
For the United States, the amplitude of the GDP effect is consider-
ably smaller in every year relative to the price-based policy, and the 
shock no longer has much effect at all. For Japan and Europe, the 
GDP effects are also smaller but are all still positive and signifi cant 
in magnitude. For Australia, in contrast, the shock is no longer bad 
in the short run and good in the long run: under the quantity-based 
policy, Australian GDP is lower in every year. For ROECD, EEFSU 
and OPEC, the growth shock under a quantity-based policy is bad in 
the short run and even worse in the long run—that is, the effect on 
GDP is negative and increases over time. For these three regions and 
Australia, a growth shock that occurs under a climate system with 
a hard emissions cap raises abatement costs so much that the added 
costs outweigh the benefi t from trade and fi nancial spillovers.

The difference in GDP outcomes under the two policies is illustrated 
by Figure 27.5, which shows the GDP effect in year 5 under the price-
based policy, less (or minus) the GDP effect under the quantity-based 
policy. In terms of GDP in year 5, the United States and Japan would be 
better off by 0.2 percent under the price-based policy; Europe would be 
better off by 0.3 percent; Australia, ROECD, and LDC would be better 
off by 0.5 percent; OPEC, China, and India would be better off by 0.7 
percent; and EEFSU would be better off by more than 1.5 percent.
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The effects of the growth shock on emissions under a quantity policy 
differ considerably from the results under a price policy. By year 10, 
China’s emissions are only 0.5 percent above baseline. China’s emissions 
are sharply lower under the quantity policy because the Chinese econo-
my’s marginal abatement cost curve is relatively elastic: it is cheaper for 
China to keep emissions from growing than to buy additional permits 
on the world market. Emissions for India and the LDCs rise consider-
ably more—by 12 and 13 percent relative to the  baseline—but the 
increases are much smaller than under the price policy. Emissions from 
most of the other regions fall, as shown in Figure  27.6. The effect of 
the constraint on emissions is clear: in order for emissions from India 
and the LDCs to rise, emissions from the United States, Australia, the 
rest of the OECD, and Eastern Europe and the former Soviet Union 
fall considerably. US emissions drop by 6 percent relative to the base-
line, as do emissions from ROECD. Australian emissions drop by a 
little less, 4 percent, while emissions from EEFSU drop by much more: 
nearly 14 percent. Table 27.3 summarizes emissions changes in each 
region in year 10 under both policies.

In summary, unexpectedly strong economic growth in one part of 
the world has sharply different effects under price-based and quantity-
based climate policies. As would be expected from economic theory, 
a price-based policy accommodates the shock by allowing emissions 
to rise, and a quantity-based policy restrains emissions by allowing 
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the price of permits to rise. What our results emphasize, however, is 
the magnitude of the effect. Under a quantity-based policy, the rise 
in the price of permits does more than slow GDP growth margin-
ally: for several economies, GDP actually contracts. In those regions, 
the rise is more than enough to completely offset positive spillovers 
from the productivity shock. In contrast, under a price-based policy 
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Table 27.3 Effect of a growth shock on carbon 
emissions in year 10

Region
Price-Based
Policy

Quantity-Based 
Policy

USA   1.4%   −6.2%
Japan   2.2%    0.1%
Australia   1.1%   −4.2%
Europe   0.8%   −1.2%
ROECD −0.2%   −6.3%
EEFSU   0.5% −13.3%
OPEC   0.3%   −0.7%

China 16.7%    0.5%
India 23.0%   11.9%
LDC 19.0%   13.4%
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all regions eventually share in the gains, although emissions rise as a 
consequence. Roughly speaking, a quantity-based policy adds a strong 
zero-sum element to an event that would otherwise produce gains for 
everyone.

Rise in global risk: a fi nancial crisis

The second shock we consider is a global fi nancial crisis. We chose 
this scenario because it differs from the growth shock in two respects: 
it affects every region directly (as opposed to being concentrated in a 
few regions with only indirect effects on the remaining regions) and 
it represents an adverse shock for all regions. We model the crisis as 
a rise in the equity risk premium in all sectors in all countries. The 
premium increases by 10 percent in the fi rst year and then declines 
by 1 percent per year until the sixth year. From year 6 on, it remains 
5  percent above baseline. In addition we introduce a permanent fall 
in the productivity of housing in developed countries. The reduction is 
5 percent in all developed countries other than the United States and 
10 percent in the United States. This is intended to simulate a housing 
bubble bursting.15

The shock to the equity premium causes the risk-adjusted required 
return on capital to rise. Combined with the fall in developed-country 
housing productivity, it leads to a portfolio reallocation in all coun-
tries away from equities and housing and into government bonds. 
This drives up bond prices and drives down bond yields, while also 
sharply lowering the prices of housing and equities. At the initial 
set of capital stocks, the actual return to capital is too low after the 
shock and thus investment collapses. As the capital stock shrinks, the 
marginal product of capital (and hence the rate of return) gradually 
rises toward its new equilibrium level. Consumption falls because of 
the sharp decline in real wealth and that, combined with lower invest-
ment, reduces GDP.

Figure 27.7 shows the effect of the risk shock on each region’s GDP 
under the price-based policy. GDP drops below its baseline in all 
countries and all years. Initially, the largest effects are felt by China, 
the United States, ROECD, and Japan, which experience immediate 
GDP declines of 6 percent, 4.5 percent, 3.2 percent, and 2.5 percent, 

15 See McKibbin and Stoeckel (2006).



respectively. However, these four regions also rebound from the shock 
most quickly: China’s GDP starts to recover in year 2, and the United 
States, ROECD, and Japan begin to recover in year 4. By year 10, the 
four regions are the closest to being back to their baseline GDPs. At the 
opposite end of the spectrum, OPEC is affected least in the fi rst year, but 
its GDP eventually falls furthest: to 7.8 percent below baseline in year 7. 
After that it begins to recover gradually but by year 10, its GDP is still 
6.9 percent below baseline. Results for the remaining regions—Europe, 
Australia, LDCs, India and EEFSU—lie between these extremes: they 
experience short-term declines of 1–2 percent, begin to recover in years 
5 and 6, and are 3–5 percent below baseline in year 10.

Under the price-based policy, the carbon price is not affected by 
the shock and remains at its baseline level. As a result, it induces 
more abatement than planned when the economy grows more slowly 
than expected. As shown in Figure 27.8, emissions fall relative to the 
baseline in both the short and long run. For the regions other than 
OPEC and China, emissions drop by 1–3 percent at the onset of the 
shock and are down 3–8 percent by year 10. China’s immediate drop 
in emissions is larger, a decline of 6 percent, and OPEC’s emissions 
actually increase very slightly in the fi rst year. Both are consistent 
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with the GDP effects for the corresponding countries: China’s initial 
drop in GDP was largest and OPEC’s was smallest. Over time, the 
largest change in emissions occurs in Eastern Europe and the former 
Soviet Union: by year 6, EEFSU emissions have fallen by more than 10 
percent and they remain nearly 8 percent below baseline in year 10.

Under the quantity-based policy, in contrast, emissions do not 
change but carbon prices fall. In the short run, the risk shock would 
cause permit prices to be $4 per ton of carbon ($1.10 per ton of CO2) 
lower than they would be in the baseline. The drop would gradually 
increase to $8 per ton ($2.18 per ton of CO2) by years 5 and 6 when 
the effects of the shock are at their peak. By year 10, permit prices 
would recover somewhat and would be $5 per ton ($1.36 per ton of 
CO2) below baseline.

Lower carbon abatement costs under a quantity-based policy help 
to moderate the decline in GDP caused by the risk shock. Figure 27.9 
shows the difference in the effects of the two policies on GDP. The 
values plotted are the effect of the shock under the quantity policy, 
less the effect of the shock under the price policy: a value of 1 percent, 
for example, indicates that GDP would be 1 percent higher under the 
quantity-based policy than it would be under the price-based policy. 
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Among the ten regions, EEFSU stands out: in the short run, its GDP 
under the quantity-based policy is 0.5 percent higher than it would 
be under the price-based policy; by year 6 the difference has widened 
to 1.75 percent; and by year 10, its GDP is still 1.2 percent higher 
under the quantity policy than it would be under the price policy. At 
the opposite pole are Japan, the United States, and Europe: all three 
are slightly better off under the quantity policy, but the difference is at 
most 0.25 percent.

Under the quantity-based policy, the risk shock does not change the 
total amount of emissions but it shifts their geographic distribution 
substantially. Figure 27.10 shows the change in emissions by region 
for years 2, 5, and 10. In all three years, emissions shift signifi cantly 
toward China. The effect is largest during the peak of the shock, 
around year 5, when Chinese emissions are more than 8 percent 
higher than under the baseline. As noted in our discussion of the 
growth shock, China’s abatement is very elastic with respect to the 
price of emissions permits.

To summarize the risk shock, we fi nd that a price-based climate 
policy would tend to exacerbate the economic downturn caused by 
the shock. A quantity-based policy, on the other hand, tends to be 
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counter-cyclical. Under a quantity-based policy, the drop in permit 
prices during a downturn prevents GDP in most countries from falling 
as sharply as it otherwise would. However, a quantity-based policy 
does produce signifi cant changes in the geographic distribution of 
emissions and hence involves international transfers of wealth.

Summary

Our results show that neither of the main market-based policies 
performs well in all circumstances. A pure quantity-based approach 
behaves poorly when confronted with good economic news: in this 
case, an unexpected boom somewhere in the world economy. It causes 
permit prices to rise by enough that GDP in some regions would actu-
ally contract. Governments in those regions would be under severe 
pressure to abandon the policy. A pure price-based policy would allow 
emissions to rise somewhat, but it would be more likely to survive 
the episode intact. A price-based policy, on the other hand, has a sig-
nifi cant disadvantage when economic developments are worse than 
expected. It tends to exacerbate downturns by keeping the marginal 
cost of emissions high even in diffi cult economic conditions.

These results clearly demonstrate that unexpected future events 
may make sustaining an international climate agreement very diffi cult. 
However, a hybrid policy such as that described by McKibbin and 
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Wilcoxen (2002a) could avoid these problems.16 Like a price-based 
policy, providing for sales of annual permits would allow emissions 
to increase somewhat in order to accommodate an unexpected boom 
somewhere in the world economy. Unlike a pure quantity-based 
policy, it would not cause strong growth in one country to drive down 
growth among other participants in the agreement. At the same time, 
like a quantity-based policy, it would provide counter-cyclical sta-
bilization during downturns. A sustained drop in economic growth 
would cause the rental price of a long-term permit to fall below the 
price of an annual permit. Sales of annual permits would cease until 
the economy recovered.

Summary and conclusions for policy

The growth boom in China and the global fi nancial crisis of 2008 have 
starkly highlighted a number of important lessons for the design of 
global and national climate policy. These lessons need to be considered 
explicitly during international negotiations on a new treaty to succeed 
the Kyoto Protocol after its 2008–2012 commitment period ends.

The fi rst lesson is that a wide variety of macroeconomic shocks will 
undoubtedly occur over the coming decades, and a successful global 
climate framework would need to endure in spite of them. Thus there 
must be a mechanism built into the framework that directly addresses 
the issue of uncertainty and avoids imposing unsustainable economic 
costs during either an unexpected boom or bust. Otherwise, it will be 
much harder to negotiate a broad agreement, and the agreement may 
be vulnerable to collapse under adverse future shocks.

The second lesson is that it is critical to get global and national 
governance structures right. There must be a clear regulatory regime 
in each country and a transparent way to smooth out excessive short-
term volatility in prices. A system that enables or even encourages 
short-term fi nancial speculation in climate markets may collapse at 
huge expense to national economies. A hybrid system provides many 
of the advantages of a permit system while limiting opportunities for 
speculation through the annual permit mechanism. It provides a strong 
mix of market incentives and predictable government intervention.

16 Other hybrid approaches such as a cap-and-trade system with a safety valve 
would also avoid these problems.
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The third lesson is that since shocks in one part of the world will 
certainly occur, the global system needs to have adequate fi rewalls 
between national climate systems to prevent destructive contagion 
from propagating local problems into a system-wide failure. A 
global cap-and-trade system, or alternative systems such as those 
described by Stern (2006) or the Garnaut Review (2008), would be 
extremely vulnerable to shocks in any single economy. A system based 
on national hybrid policies, on the other hand, would be explicitly 
designed to partition national climate markets and limit the effects of a 
collapse in climate policy in one part of the world on climate markets 
elsewhere.17

This chapter has explored these issues by examining the effects of 
shocks that have actually occurred in the past decade: a surprising 
surge of economic growth in developing countries and a global fi nan-
cial crisis. Quantity-based approaches such as a global permit-trading 
regime tend to buffer some kinds of macroeconomic shocks: carbon 
prices rise and fall with the business cycle. However, price-based 
approaches such as a global carbon tax (levied at the national level) 
perform better during unexpected booms. A hybrid policy would 
offer the best of both worlds, and would provide stronger fi rewalls to 
prevent adverse events in one carbon market from causing a collapse 
of the global system.

Appendix A: The G-Cubed Model

The G-Cubed model is an intertemporal general equilibrium model 
of the world economy. The theoretical structure is outlined in 
McKibbin and Wilcoxen (1998).18 A number of studies—summarized 
in McKibbin and Vines (2000)—show that the G-cubed modeling 
approach has been useful in assessing a range of issues across a 
number of countries since the mid-1980s.19 Some of the principal fea-
tures of the model are as follows:

17 For further discussion of the advantages of this point see McKibbin and 
Wilcoxen (2002a, 2004, 2008).

18 Full details of the model including a list of equations and parameters can be 
found online at: www.gcubed.com.

19 These issues include: Reaganomics in the 1980s; German Unifi cation in the 
early 1990s; fi scal consolidation in Europe in the mid-1990s; the formation of 
NAFTA; the Asian crisis; and the productivity boom in the US.



The model is based on explicit intertemporal optimization by the • 
agents (consumers and fi rms) in each economy.20 In contrast to 
static CGE models, time and dynamics are of fundamental impor-
tance in the G-Cubed model. The MSG-Cubed model is known as 
a DSGE (Dynamic Stochastic General Equilibrium) model in the 
macroeconomics literature and a Dynamic Intertemporal General 
Equilibrium (DIGE) model in the computable general equilibrium 
literature.
In order to track the macro time series, the behavior of agents is • 
modifi ed to allow for short-run deviations from optimal behavior 
either due to myopia or to restrictions on the ability of households 
and fi rms to borrow at the risk-free bond rate on government debt. 
For both households and fi rms, deviations from intertemporal opti-
mizing behavior take the form of rules of thumb, which are consist-
ent with an optimizing agent that does not update predictions based 
on new information about future events. These rules of thumb are 
chosen to generate the same steady state behavior as optimizing 
agents so that in the long run there is only a single intertempo-
ral optimizing equilibrium of the model. In the short run, actual 
behavior is assumed to be a weighted average of the optimizing and 
the rule of thumb assumptions. Thus aggregate consumption is a 
weighted average of consumption based on wealth (current asset 
valuation and expected future after tax labor income) and con-
sumption based on current disposable income. Similarly, aggregate 
investment is a weighted average of investment based on Tobin’s q 
(a market valuation of the expected future change in the marginal 
product of capital relative to the cost) and investment based on a 
backward looking version of Q.
There is an explicit treatment of the holding of fi nancial assets, • 
including money. Money is introduced into the model through a 
restriction that households require money to purchase goods.
The model also allows for short-run nominal wage rigidity (by • 
different degrees in different countries) and therefore allows for 
signifi cant periods of unemployment depending on the labor market 
institutions in each country. This assumption, when taken together 
with the explicit role for money, is what gives the model its “mac-
roeconomic” characteristics. (Here again the model’s assumptions 

20 See Blanchard and Fischer (1989) and Obstfeld and Rogoff (1996).
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differ from the standard market clearing assumption in most CGE 
models.)
The model distinguishes between the stickiness of physical capital • 
within sectors and countries and the fl exibility of fi nancial capital, 
which immediately fl ows to where expected returns are highest. 
This important distinction leads to a critical difference between the 
quantity of physical capital that is available at any time to produce 
goods and services, and the valuation of that capital as a result of 
decisions about the allocation of fi nancial capital.

As a result of this structure, the G-Cubed model contains rich 
dynamic behavior, driven on the one hand by asset accumulation, 
and on the other by wage adjustment to a neoclassical steady state. 
It embodies a wide range of assumptions about individual behavior 
and empirical regularities in a general equilibrium framework. The 
interdependencies are solved out using a computer algorithm that 
solves for the rational expectations equilibrium of the global economy. 
It is important to stress that the term ‘general equilibrium’ is used to 
signify that as many interactions as possible are captured, not that all 
economies are in a full market clearing equilibrium at each point in 
time. Although it is assumed that market forces eventually drive the 
world economy to a neoclassical steady state growth equilibrium, 
unemployment does emerge for long periods due to wage stickiness, 
to an extent that differs between countries due to differences in labor 
market institutions.
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28 Epilogue
Richard Schmalensee 1

History’s evaluation of this generation will surely depend to an 
important extent on its handling of the climate problem—not just 
on what gases we leave in the atmosphere but also on what durable 
climate policy architecture we leave to our heirs. This valuable col-
lection sheds new light on what I believe to be the most diffi cult and 
important dimension of the climate policy problem. All who have had 
a hand in the creation of this volume deserve thanks and applause. In 
this brief essay I offer some thoughts on what makes the international 
dimension of the climate problem so diffi cult and important, on the 
history of climate policy debates, and on some key elements of policy 
architecture that those debates have so far produced.

The international dimension

Climate change would be a very diffi cult issue even without its inter-
national dimension, of course. Because much of the benefi t of limit-
ing greenhouse gas emissions would accrue to future generations, 
it would be both economically and politically hard to compare the 
costs and benefi ts of mitigation policies even if both were known.2 
But the future benefi ts of reducing emissions are highly uncertain, 
both because we cannot confi dently predict important regional-scale 
climate changes and because the adaptation technologies available 
to future generations are unknown. Similarly uncertain are the pace 
of technological innovation and the quality of future climate policy 
design and implementation, both critical factors in determining future 
costs of emissions reduction.

1 I am indebted to Henry Jacoby and Robert Stavins for useful comments; all 
errors and opinions are mine alone.

2 To simplify exposition I generally ignore sinks and deal only with emissions 
sources. Essentially the same arguments apply to enhancing sinks as to reducing 
sources.
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But these diffi culties seem little more than academic puzzles when 
set against the international dimension of this problem. To over-
simplify, there are many more poor people than rich people on this 
planet. Those poor people want desperately to become rich—i.e., 
to live as well as Americans or Europeans. Recent experience in 
China and elsewhere strongly suggests to them that this is pos-
sible. If the world’s poor become prosperous in anything like the 
same way today’s rich did, however, greenhouse gas emissions will 
increase substantially, and the consequences for the entire human 
race are likely to be extremely unpleasant. The world’s poor will not 
long tolerate measures they view as slowing their emergence from 
poverty, but we do not yet know any way for them to become rich 
without substantially increasing their per capita emissions. We need 
both to show them a much more climate-friendly path to prosper-
ity and to induce them to follow it. Creating such a path obviously 
requires developing new, climate-friendly technologies, but unless 
they involve both lower emissions and lower costs than current 
technologies, they will not be automatically adopted in developing 
nations.

A few basic numbers illustrate the magnitude of this problem. 
According to US Bureau of the Census and Energy Information 
Administration (EIA) data, the United States accounted for just over 
4.5 percent of world population in 2005 and about 21 percent of 
global CO2 emissions associated with fossil fuels. US per capita emis-
sions were about 5.6 times those in the rest of the world, even though 
the rest of the world includes all the other rich nations.

To see what these numbers imply, suppose, to be conservative, 
there is no population growth anywhere and that US emissions remain 
constant in the future. Suppose, however, that economic development 
continues in the rest of the world so that per capita emissions in the 
rest of the world rise to become one-third of those in the United 
States. With today’s technology, this change would correspond to a 
dramatic reduction in global poverty, but it would hardly be enough 
to give most of the human race anything like the US lifestyle they see 
on television. Nonetheless, this change would also correspond to an 
increase of just over two-thirds in global emissions. If the climate 
problem is to be addressed effectively, today’s poor nations simply 
must go down a very different path to prosperity than that followed 
by today’s rich nations.



Epilogue  891

Some (discouraging) history

The climate policy problem has been on the world’s agenda since at 
least the creation of the Intergovernmental Panel on Climate Change 
(IPCC) in 1988. That same year, Presidential candidate George Bush 
promised to use “the White House Effect” to deal with the green-
house effect. In November of the following year, in connection with 
the Ministerial Conference in Noordwijk, President George Bush 
declared that “stabilization of carbon dioxide (CO2) emissions should 
be achieved as soon as possible” and that “it is timely to investigate 
quantitative targets to limit or reduce carbon dioxide emissions.”

In this early period, the stage seemed to be set for constructive, 
global action, plausibly with US leadership. In February, 1990, the 
United States hosted—and President Bush addressed—a plenary 
meeting of the IPCC, and a year later it hosted the fi rst meeting of the 
Intergovernmental Negotiating Committee (INC) that was drafting 
the Framework Convention on Climate Change (FCCC). In April, 
1991, President Bush announced that “actions—recently established 
in law or proposed by my Administration—will hold US net emissions 
of greenhouse gases at or below the 1987 level through the foreseeable 
future.” And just over two years later, in October, 1993, the Clinton 
Administration announced a Climate Action Plan that it contended 
would reduce US emissions to 1990 levels by 2000.

I fi rst became engaged in climate policy as a Member of the Council 
of Economic Advisers in this lively early period. In the fall of 1989 I 
found myself heading an interagency task force charged with produc-
ing a report on the economics of climate change. That report was com-
pleted in March, 1990, and a slightly revised version was published 
that September (US Department of Energy 1990). It noted “substantial 
gaps in current knowledge” and, of course, called for “a coordinated 
economic research program.”

Some of the report’s more detailed fi ndings and conclusions have been 
overturned by subsequent research, but many have endured. The report 
noted, for instance, that “climate change is not a one-gas or one-nation 
problem” and that “Command-and-control effi ciency standards have 
several signifi cant disadvantages in comparison to incentive-based sys-
tems—such as charges, user fees, and tradable emissions rights . . . ”

On the international front, the interagency report concluded that 
“Even dramatic unilateral cuts by member states of the OECD would 
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not be suffi cient to achieve widely discussed global CO2 emissions 
goals unless most other nations participate fully in emissions reduc-
tions efforts.” (Among those “widely discussed” goals were cuts of 
20 percent below 1985 levels by 2005 and 50 percent below 1985 
levels by 2025!) And, in what has proven to be rather an understate-
ment, the report observed that “while global action is essential to limit 
greenhouse emissions signifi cantly, differences among nations may 
make it diffi cult to fi nd universally acceptable emissions targets or 
ways of sharing the costs involved.”

In this early period, some participants in the climate debate called 
for substantial near-term emissions reductions, but most analysts 
argued that it would be more effi cient to focus for at least a decade 
on studying the climate system and developing new technologies that 
could reduce the costs of emissions reductions and of adaptation to 
climate change.3 This preparatory investment would permit subse-
quent policies both to better refl ect actual risks and benefi ts and to 
impose lower net social costs.

Subsequently, of course, no substantial emissions reductions were 
made. US emissions rose despite the promises of the Bush and Clinton 
Administrations. Emissions of CO2 associated with fossil fuels (not 
the same as net emissions of greenhouse gases, but an important com-
ponent thereof) increased by 25 percent between 1987 and 2005 and 
by 12 percent between 1990 and 2000 even though as noted above 
the Bush and Clinton Administrations, respectively, had promised 
no increases. A good deal of research was subsequently done on the 
climate system, but much less effort was devoted to the development 
of mitigation and adaptation technologies than rhetoric and analysis 
in the early period would have led one to expect. US Department of 
Energy spending on research, development, and demonstration actu-
ally declined in real terms after fi scal year 1990 and remained below 
that year’s level through fi scal year 2007 (Gallagher et al. 2007). It 
is only a bit too strong to assert that we wasted nearly two critical 
decades on the technology front.

Since this early period there has been considerable movement 
toward developing an international climate policy architecture, as I 
discuss below. But the fundamental, critical problem of inducing poor 
nations to follow climate-friendly paths to development has not yet 

3 See, e.g., IPCC 1996.
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been effectively addressed. And the early-period arguments that we 
could wait a decade or more before making signifi cant cuts in global 
emissions have passed their sell-by dates: we have in fact waited nearly 
two decades, and most knowledgeable observers now contend that the 
time for serious action is upon us—ready or not.

Thoughts on architecture

European churches were often built on top of earlier churches or 
temples; two or more places of worship can sometimes even be visited 
on the same site. A church that may have seemed ideal for decades 
after its construction was apparently considered inadequate somewhat 
later. Architectural styles and details of course differ between succes-
sive structures, often dramatically. Nonetheless, all the churches built 
on the same site clearly served as appropriate venues for very similar, 
if not identical, ceremonies over many centuries. The basic basilica 
scheme, in particular, has served Western Christianity well for almost 
two millennia.

Absent unimaginable, transformative technological breakthroughs, 
climate policy will be a global concern for centuries. It is not likely 
that our generation will create an international climate policy archi-
tecture that will remain workable in all its details for even a single 
century, let alone as long as the great gothic cathedrals have served as 
places of worship. Not only are the domestic and international politi-
cal, economic, and institutional environments within which climate 
policy is embedded almost certain to change over the relevant horizon, 
probably radically, but our understanding of the climate system will 
advance, and the set of available technologies for mitigation and adap-
tation will expand considerably.

It is of course essential to focus on policy designs that can be useful 
today, even if they fall short of what future, more stringent mitiga-
tion efforts may require. However, one must also bear in mind that 
the core elements of policy architectures, once put in place, are not 
easily changed. It is thus important to ensure that today’s policy 
designs embody architectural elements that can serve as foundations 
for better designs in the future, rather than elements that must be 
excised if progress is to be possible. If we cannot now build an elegant 
gothic cathedral, let us try for a workable, adaptable basilica design 
scheme.
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One valuable element of the emerging architecture deserves  particular 
mention. Early European proposals in the run-up to the fi rst meeting 
of the INC in Washington in February, 1991 focused on what is called 
in this volume “harmonized domestic policies,” except that the poli-
cies proposed were essentially all of the command-and-control variety. 
The basic idea was that there would be protocols on autos, on steel-
making, and so on. To those of us in the Bush Administration who had 
been involved in the passage of the 1990 Clean Air Act Amendments, 
which put in place the tradable allowance regime for control of 
sulfur dioxide emissions, this approach seemed fundamentally wrong-
headed. At that fi rst INC meeting, I participated in the start of a 
serious effort by the United States to move the focus of discussion from 
performance standards to emissions limits. In part as a result of that 
effort, the Framework Convention focuses on emissions, and, in large 
part because the Clinton Administration continued to push emissions 
trading as superior to command-and-control regulation, the Kyoto 
Protocol permits this approach to be used within and even between 
nations. It is, of course, more than a little ironic that as of this writing 
the EU ETS has for some time been the only large-scale working 
example of emissions trading as a greenhouse gas mitigation strategy.

The Framework Convention’s call for “stabilization of greenhouse 
gas concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system” con-
tains two architectural elements. The focus on stabilization is a valu-
able reminder of the long-run nature of the climate problem. On the 
other hand, the assertion of a threshold that cannot be exceeded is 
problematic. In practice, though, this assertion may be a purely orna-
mental element of the policy architecture: since the Convention’s criti-
cal level is unknown and possibly non-existent, it cannot be used to 
attack or defend any plausible policy proposal.

Architectural elements that will be of enduring value in the 
Convention include the coverage, in principle at least, of all anthro-
pogenic greenhouse gases (except those being phased out under the 
Montreal Protocol) and of all sources and sinks thereof. In addition, 
the Convention and the Protocol properly stress the importance of 
measurement of sources and sinks and call for the creation of what 
seems on paper, at least, an appropriate institutional structure.

But some necessary elements are missing from these documents, 
and some elements that are present will need to be excised or worked 
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around in the future. Though technology transfer is mentioned in 
the Convention and the Protocol, for instance, and its importance is 
emphasized in the Bali Action Plan, there is essentially no refl ection in 
any of these documents of the critical need to develop new technologies 
for measurement of sources and sinks, for reducing net emissions, and 
for enhancing the ability to adapt. Without new measurement technol-
ogies, it will be diffi cult to extend international “targets-and-timeta-
bles” agreements much beyond CO2 associated with fossil fuels, which 
will make stabilization of radiative forcing more diffi cult. Without 
more climate-friendly technologies to power their economies, it will be 
impossible for today’s poor countries to become prosperous without 
doing serious damage to the global climate. And without serious atten-
tion to adaptation and development of new technologies to facilitate 
it, those same poor countries are likely to bear substantial, avoidable 
costs, regardless of what feasible mitigation path is followed.

The Clean Development Mechanism (CDM) plainly needs to be 
transformed or at least fundamentally reformed, as several contribu-
tions to this volume argue. It suffers from a deep problem that affl icts 
all systems based on emissions reductions rather than emissions. 
Emissions can be measured or at least estimated directly, while emis-
sions reductions can only be inferred by subtracting emissions from a 
no-action baseline that is always unobservable and arguably generally 
unknowable. If one requires that proposed baselines withstand rigor-
ous review, few projects will pass; if one relaxes the requirements, 
CDM-like mechanisms are likely to produce little enduring mitigation. 
Perhaps the CDM can be transformed into a useful mechanism for 
technology transfer or for some other purpose beyond limiting emis-
sions. If not, it might as well be scrapped.

The most serious problem with the architectural elements currently 
in place, however, is the “deep, then broad” approach they dictate.4 
The Convention divides the world into Annex I nations, with emissions 
reduction obligations, and those without such obligations, and the 
Kyoto Protocol defi nes those obligations as legally binding limits on 
CO2 emissions. This division is at best an imperfect refl ection of rela-
tive incomes at the time the Convention was drafted; fi fty non-Annex I 
countries now have higher per capita incomes than the poorest Annex 

4 For a longer version of this basic argument, written during the negotiations 
leading up to the Kyoto Protocol, see Schmalensee 1998.
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I countries. Moreover, poor nations, naturally more concerned with 
alleviating today’s poverty (or, sometimes, fattening today’s rulers’ 
bank accounts) than improving climate a generation or more hence, 
are understandably reluctant to opt-in to Annex I and thereby take 
on obligations that may be violated if their economic growth exceeds 
expectations—particularly in the absence of serious mitigation efforts 
by the United States.

As of this writing, it seems likely that the United States will act to 
reduce its CO2 emissions from fossil fuels, probably via a cap-and-
trade system. The task of developing and enacting the necessary legis-
lation is likely to be suffi ciently intellectually and politically complex 
that it will necessarily be “unilateral”—i.e., only loosely coupled to 
the international negotiation process. Serious US action seems a neces-
sary condition for substantially broadening international participation 
in emissions mitigation efforts, but it will not likely be suffi cient.

Since the climate problem cannot be solved without the participa-
tion of poor nations, particularly India, China, and other large and 
growing countries, it is thus critical to explore ways to modify the 
current architecture in ways that encourage their participation. The 
sort of long-term, income-contingent scheme discussed by Jeffrey 
Frankel in this volume may be a useful design element. But to the 
extent that accepting such a scheme involves binding emissions limits 
at the start, it may be unattractive even if those limits seem initially 
loose. Similarly, while the sort of “accession deals” discussed by David 
Victor in this volume could usefully be used to encourage participation 
in mitigation efforts, it does not seem politically realistic to expect rich 
countries to make large transfers for this purpose, particularly in the 
critical early years when they are likely to be especially worried about 
setting expensive precedents. Thus if poor nations are highly allergic 
to binding emissions limits, rich nations may be unwilling to fi nance 
the accession deals necessary to entice them to accept such limits.

I believe it would be accordingly useful to consider gentler acces-
sion on-ramps that do not involve targets and timetables. Suppose the 
next Protocol to the Convention were to create an Annex III category 
of nations: those willing to commit to some non-trivial mitigation 
efforts but not to binding emissions limits.5 A nation could commit to 

5 Annex II is already taken; Annex II nations are a subset of Annex I nations with 
additional obligations. It does not seem possible to opt-in to Annex II.
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 non-binding emission targets, against which actual emissions would 
later be compared—a return to what used to be called “pledge and 
review.” Or it could commit to particular climate-friendly domestic 
policies—what is still called “policies and measures.” Commitments of 
either sort could involve land use or gases other than CO2 and thus tend 
to broaden global mitigation efforts. It would be critical, of course, to 
monitor compliance with mitigation commitments of any sort.

It is hard to imagine non-Annex I developed nations and middle-
income nations refusing to use this general sort of on-ramp, since there 
can be no claim that doing so amounts to limiting economic growth. 
If, in addition, the Convention could be modifi ed so that only nations 
in either Annex I or Annex III had voting rights, participation would 
be further encouraged. It might be feasible to modify WTO rules so 
as to impose (mild) trade sanctions (perhaps above some per capita 
income threshold) on those nations unwilling to do any mitigation. 
There might—or might not—be an upper limit on per capita income 
for nations in Annex III or a limit on how long a nation could remain 
on the Annex III on-ramp. The result of adding an on-ramp of this 
general sort would be a less tidy and elegant policy architecture but, I 
believe, one much more likely to be effective in the long run.

The most important and diffi cult climate change task before the 
world’s policymakers today is not to negotiate Annex I emissions 
limits for the immediate post-Kyoto period, nor even to design the 
policy regime for that period. The most important and diffi cult task is 
to move toward a policy architecture that can induce the world’s poor 
nations to travel a much more climate-friendly path to prosperity than 
the one today’s rich nations have traveled. In this volume, Joseph Aldy 
and Robert Stavins have assembled a set of thoughtful essays that 
deserve to be read by anyone engaged in this task or, indeed, anyone 
who takes this task seriously.
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29 Lessons for the international policy 
community
Joseph E.  Aldy and 
Robert N. Stavins

The nations of the world confront a tremendous challenge in design-
ing and implementing an international policy response to the threat 
of global climate change that is scientifi cally sound, economically 
rational, and politically pragmatic. It is broadly acknowledged that 
the relatively wealthy, developed countries are responsible for a 
majority of the anthropogenic greenhouse gases (GHGs) that have 
already accumulated in the atmosphere, but developing countries will 
emit more GHGs over this century than the currently industrialized 
nations if no efforts are taken to alter their course of development. 
The architecture of a robust international climate change policy will 
need to take into account the many dimensions and consequences of 
this issue with respect to the environment, the economy, energy, and 
development.

The Kyoto Protocol—which builds directly on the foundation laid 
by the United Nations Framework Convention on Climate Change 
(UNFCCC)—represented a fi rst step toward addressing this long-
term, global problem. Now, the international policy community needs 
to identify the next step, both in terms of setting sensible climate-
related goals and in designing effective policies to achieve those goals. 
The Harvard Project on International Climate Agreements aims to aid 
and inform that process through a diverse set of research initiatives 
in Europe, the United States, China, India, Japan, and Australia. This 
book is a product of that research.

Drawing upon lessons from experience with the Kyoto Protocol 
(Aldy and Stavins, Chapter 1; and Schmalensee)1 and insights from 
economics, political science, international relations, legal scholarship, 

1 All citations to specifi c authors in this chapter refer, unless otherwise specifi ed, 
to the author’s work in this volume. Corresponding chapters can be ascertained 
from the table of contents. Where articles or books outside this volume are ref-
erenced, the usual citation is provided.
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and other disciplines, the contributors to this volume have set forth a 
range of ideas about how best to construct a post-2012 international 
climate change policy regime. The targets-and-timetables approach 
embodied in the Kyoto agreement appears here in proposals advanced 
by Jeffrey Frankel, Denny Ellerman, Larry Karp and Jinhua Zhao, 
and Jing Cao. A second category of international climate policy 
 architectures—harmonized domestic policies—is represented in propos-
als by Scott Barrett, Judson Jaffe and Robert Stavins, Richard Cooper, 
and Akihiro Sawa. And one proposal by Judson Jaffe and Robert 
Stavins falls in a third category: decentralized, bottom-up approaches 
that rely primarily on coordinated, unilateral national policies.

Combined with nineteen additional chapters that focus on specifi c 
design issues, these proposals cover virtually the entire spectrum of poten-
tial international climate policy architectures. This concluding chapter 
provides a synthesis of the exceptionally diverse set of proposals and 
analyses contained in this volume.2 We begin by identifying a set of prin-
ciples that our research teams have explicitly or implicitly identifi ed as 
being important for the design of post-2012 international climate policy 
architecture. We then go on to highlight four potential architectures, each 
of which is promising in some regards and raises important issues for 
consideration. Finally, we turn to key design issues in international policy 
architecture, because regardless which overall architecture is ultimately 
chosen, certain key design issues and elements will stand out as particu-
larly important. We conclude with a look at the path ahead.

Principles for an international agreement

A set of core principles emerges from the diverse strands of research 
reported in this book. These principles constitute the fundamental 
premises that underlie various proposed policy architectures and 
design elements; as such they can provide a reasonable point of depar-
ture for ongoing international negotiations.3

2 Of the twenty-six chapters in this book from the research of the Harvard Project 
on International Climate Agreements, seven propose complete international 
policy architectures for the post-2012 period, fourteen examine key design 
issues and elements, and fi ve provide quantitative modeling of alternative policy 
architectures or allocations of responsibility.

3 Aldy, Barrett, and Stavins (2003) present six criteria for evaluating potential 
international climate policy architectures that map closely to most of these 
 principles.
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Climate change is a global commons problem, and therefore a 
cooperative approach involving many nations—whether through a 
single international agreement or some other regime—will be neces-
sary to address it successfully. Because GHGs mix uniformly in the 
atmosphere, the location of emissions sources has no effect on the 
location of impacts, which are dispersed worldwide. Hence, it is virtu-
ally never in the economic interest of individual nations to take uni-
lateral actions. This classic free-rider problem means that cooperative 
approaches are necessary (Aldy and Stavins 2008a).

Since sovereign nations cannot be compelled to act against their 
wishes, successful treaties should create adequate incentives for com-
pliance, along with incentives for participation. Unfortunately, the 
Kyoto Protocol seems to lack incentives of both types (Barrett; Karp 
and Zhao; and Keohane and Raustiala).

Since carbon-intensive economies cannot be replicated throughout 
the world without causing dangerous anthropogenic interference with 
the global climate, it will be necessary for all countries to move onto 
much less carbon-intensive growth paths. Even reducing emissions in 
the currently industrialized world to zero is insuffi cient (see chapters 
in this volume by Blanford, et al.; Bosetti, et al.; Cooper; Hall, et al.; 
and Jacoby et al.). With appropriate negotiating rules (Harstad), more 
countries can be brought on board. The rapidly emerging middle class 
in the developing world seeks to emulate lifestyles that are typical of 
the industrialized world and may be willing to depart from this goal 
only if the industrialized world itself moves to a lower-carbon path 
(Agarwala; Schmalensee; and Wirth). Moving beyond the current 
impasse will require that developed countries achieve meaningful near-
term emission reductions, with a clear view to medium- and long-term 
consequences and goals (Agarwala; Harstad; and Karp and Zhao).

A credible global climate change agreement must be equitable. 
If past or present high levels of emissions become the basis for all 
future entitlements, the developing world is unlikely to participate 
(Agarwala). Developed countries are responsible for more than 
50  percent of the accumulated stock of anthropogenic GHGs in the 
atmosphere today, and their share of near-term global mitigation 
efforts should refl ect this responsibility (Agarwala). In the long term, 
nations should assume the same or similar burdens on an equalized 
per capita basis (Agarwala; Cao; and Frankel, Chapter 2). However, if 
the goal is a more equitable distribution of wealth, approaches based 
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on metrics other than per capita emissions can be better (Jacoby, 
et al.; and Posner and Sunstein). It is also important to recognize and 
acknowledge that in the short term, developing countries may value 
their economic growth more than future, global environmental condi-
tions (Victor).

Developing countries face domestic imperatives for economic 
growth and political development. More and better research is needed 
to identify policies that promote both mitigation and adaptation, while 
accommodating development. At the same time, developing countries 
should not “hide behind the poor” (Agarwala): the burgeoning middle 
class in the developing world is on a path to exceed the population of 
developed countries and, as we have already noted, its lifestyle and per 
capita emissions are similar to those in much of the developed world. 
While not exclusively a problem of developing countries, tropical 
forests, in particular, are one important dimension of the larger inter-
play between development and climate change policy. Because of the 
enormous impacts that natural and anthropogenic changes in forests 
have on the global carbon cycle, it is important to provide a meaning-
ful, cost-effective, and equitable approach to promoting forest carbon 
sequestration in an international agreement (Plantinga and Richards).

A credible global climate change agreement must be cost-effective. 
That means it should minimize the global welfare loss associated with 
reducing emissions (Aldy and Stavins 2008b; Ellerman; and Jaffe and 
Stavins), and also minimize the risks of corruption in meeting targets 
(Agarwala; and Somanathan).

A credible global climate change agreement must bring about sig-
nifi cant technological change. Given the magnitude of the problem 
and the high costs that will be involved, it will be essential to reduce 
mitigation costs over time through massive technological invention, 
innovation, diffusion, and utilization (Blanford, et al.; Bosetti, et al.; 
Clarke, et al.; Newell; Somanathan; Wirth; and Aldy and Stavins 
2008c). Rapid technology transfer from the developed to the devel-
oping world will be needed (see Hall, et al.; Keeler and Thompson; 
Newell; Somanathan; Teng, et al.; and Wirth).

Governments should work through a variety of channels to achieve 
a credible global climate change agreement that uses multiple ways 
to mitigate climate change risks. Although a post-2012 agreement 
under the UNFCCC may be at the core of a post-Kyoto regime, other 
venues—whether bilateral treaties, or G8+5, or L20 accords—should 
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continue to be explored, as additional agreements and arrangements 
may be necessary (Hall, et al.; and Schmalensee).

An effective global climate change agreement must be consistent 
with the international trade regime. A global climate agreement can 
lead to confl icts with international trade law, but it can also be struc-
tured to be mutually supportive of global trade objectives (Frankel, 
Chapter 16; and Harstad).

A credible global climate change agreement must be practical, real-
istic, and verifi able. That means it needs institutional mechanisms for 
effective implementation (Agarwala). Because tremendous start-up 
costs are usually incurred in creating new institutions, consideration 
should be given—whenever appropriate—to maintaining existing 
institutions, such as the Clean Development Mechanism (CDM), 
and improving them rather than abandoning them (Hall, et al.; Karp 
and Zhao; Keeler and Thompson; and Teng, et al.). In addition, it 
should be recognized that most parts of the industrialized world have 
signaled their preference for the use of cap-and-trade mechanisms to 
meet their domestic emissions commitments (Jaffe and Stavins), and 
it would be politically practical to build upon these institutional and 
policy preferences. Whatever institutions or mechanisms are used to 
implement policy commitments, they should promote emission abate-
ment consistent with realistic technological innovation or risk costly 
and ineffective outcomes (Agarwala; Blanford, et al.; Bosetti, et al.; 
and Jacoby, et al.). The best agreements will be robust in the face of 
inevitable global economic downturns (McKibbin, et al.). Finally, 
various metrics can be employed to judge the equity and integrity of 
national commitments, including measures of emissions performance, 
reductions, or cost (Fischer and Morgenstern). An international sur-
veillance institution could provide credible, third-party assessments of 
participating countries’ efforts.

Promising international climate policy architectures

While we have identifi ed a number of core principles to guide the 
analysis and frame the proposals presented in this volume, the Harvard 
Project does not endorse a single approach to international climate 
policy. This is because we recognize that the decision to adopt a par-
ticular architecture is ultimately a political one that must be reached by 
the nations of the world, taking into account a complex array of factors. 
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We highlight four potential architectures—each with  advantages as 
well as disadvantages—because each is promising in some regards, 
raises key issues for consideration, and to a considerable extent is 
exemplary of the types of architectures discussed in this volume.

One architecture follows a targets-and-timetables structure, using 
formulas to set dynamic national emissions targets for all countries. 
Two fall within the category of harmonized domestic policies: a port-
folio of international treaties and harmonized national carbon taxes. 
The fourth architecture summarized below is based on a set of coor-
dinated, unilateral national policies and involves linking national and 
regional tradable permit systems.

Targets and timetables: formulas for evolving emission targets 
for all countries4

This targets-and-timetables proposal offers a framework of formulas 
that yield numerical emissions targets for all countries through the 
end of this century (Frankel, Chapter 2). National and regional cap-
and-trade systems for greenhouse gases would be linked in a way that 
allows trading across fi rms and sources (Jaffe and Stavins), not among 
nations per se (as in Article 17 of the Kyoto Protocol). Such a global 
trading system would be roughly analogous to the system already 
established in the European Union, where sources rather than nations 
engage in trading (Ellerman).5

The formulas are based on what is possible politically, given that 
many of the usual science- and economics-based proposals for future 
emission paths are not dynamically consistent—that is, future govern-
ments will not necessarily abide by commitments made by today’s 
leaders.6 Several researchers have observed that when participants 

4 This proposed architecture was developed by Frankel, supplemented by Aldy 
and Stavins (2008b), Harstad, Cao, Ellerman, and Jacoby, et al. Bossetti, et al. 
provide an economic analysis of this and several other potential architectures.

5 For an examination of the possible role and design of cap-and-trade and other 
tradable permit systems as part of an international policy architecture, see Aldy 
and Stavins (2008b).

6 It is worth nothing that Harstad’s game-theoretic analysis in this volume sup-
ports the effi cacy of using formulas to calculate national obligations or con-
tributions. This is because if the distribution of contributions or obligations 
is determined by a formula it is fundamentally more diffi cult for a country to 
renegotiate its own share of the burden. Enhancing its bargaining position is 
then less useful, and investments in research and development increase.
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in the policy process discuss climate targets, they typically pay little 
attention to the diffi culty of fi nding mutually acceptable ways to 
share the economic burden of emission reductions (Bosetti, et al.; and 
Jacoby, et al.).

This formula-based architecture is premised on four important 
political realities. First, the United States may not commit to quantita-
tive emission targets if China and other major developing countries do 
not commit to quantitative targets at the same time. This refl ects con-
cerns about economic competitiveness and carbon leakage. Second, 
China and other developing countries are unlikely to make sacrifi ces 
different in character from those made by richer countries that have 
gone before them. Third, in the long run, no country can be rewarded 
for having “ramped up” its emissions well above 1990 levels. Fourth, 
no country will agree to bear excessive cost. (Harstad adds that use of 
formulas can render negotiations more effi cient.)

The proposal calls for an international agreement to establish a 
global cap-and-trade system, where emission caps are set using formu-
las that assign quantitative emissions limits to countries in every year 
through 2100. The formula incorporates three elements: a progres-
sivity factor, a latecomer catch-up factor, and a gradual equalization 
factor. The progressivity factor requires richer countries to make more 
severe cuts relative to their business-as-usual emissions. The latecomer 
catch-up factor requires nations that did not agree to binding targets 
under the Kyoto Protocol to make gradual reductions to account for 
their additional emissions since 1990. This factor prevents latecomers 
from being rewarded with higher targets and is designed to avoid cre-
ating incentives for countries to ramp up their emissions before signing 
on to the agreement. Finally, the gradual equalization factor addresses 
the complaint that rich countries are responsible for a majority of the 
accumulated anthropogenic GHGs currently in the atmosphere. In the 
second half of the century, this factor moves national per capita emis-
sions in the direction of the global average of per capita emissions.7

7 This is similar to Cao’s “global development rights” (GDR) burden-sharing 
formula and is consistent with calls for movement toward per capita responsi-
bility by Agarwala. On the other hand, it contrasts with the analyses of Jacoby, 
et al. and Posner and Sunstein. Under Cao’s GDR formula, the lion’s share of 
the abatement burden would fall on the industrialized world in the short term, 
with developing countries initially accepting a small but increasing share over 
time, such that, by 2020, fast-growing economies such as China and India 
would take on signifi cant burdens.
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The caps set for rich nations would require them to undertake 
immediate abatement measures. Developing countries would not bear 
any cost in the early years, nor would they be expected to make any 
sacrifi ce that is different from the sacrifi ces of industrialized countries, 
accounting for differences in income. Developing countries would be 
subject to binding emission targets that would follow their business-
as-usual (BAU) emissions in the next several decades.8 National emis-
sion targets for developed and developing countries alike should not 
cost more than 1 percent of Gross Domestic Product (GDP) in present 
value terms or more than 5 percent of GDP in any given year.

Every country under this proposal is given reason to feel that it is 
only doing its fair share. Importantly, without a self-reinforcing frame-
work for allocating the abatement burden, announcements of distant 
future goals may not be credible and so may not have desired effects 
on investment. The basic architecture of this proposal—a decade-by-
decade sequence of emission targets determined by a few principles 
and formulas—is also fl exible enough that it can accommodate major 
changes in circumstances during the course of the century.

Harmonized domestic policies: a portfolio of international 
treaties9

The second proposal we highlight is for a very different sort of archi-
tecture than that of the Kyoto Protocol. Rather than attempting to 
address all sectors and all types of GHGs under one unifi ed regime, 
this approach envisions a system of linked international agreements 
that separately address various sectors and gases; as well as key 
issues, including adaptation and technology research and develop-
ment (R&D); plus last-resort remedies, such as geoengineering and air 
capture of greenhouse gases.

First, nations would negotiate sector-level agreements that would 
establish global standards for specifi c sectors or categories of GHG 
sources. Developing countries would not be exempted from these 

8 Somanathan would argue against including developing countries in the short 
term, even with targets equivalent to BAU, as recommended in this proposal. 
We discuss alternative burden-sharing arrangements below.

9 This proposed architecture was developed by Barrett and supplemented by 
Newell on research and development policies, by Sawa on sectoral approaches, 
and by economic modeling from Bosetti, et al.
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standards, but would receive fi nancial aid from developed countries 
to help them comply. Trade sanctions would be available to enforce 
agreements governing trade-sensitive sectors. Such a sectoral approach 
could have the advantage that it protects against cross contamination: 
if policies designed for a given sector prove ineffective, their failure 
need not drag down the entire enterprise. Similar arguments can be 
made for separate approaches to different types of GHGs.

In general, sectoral approaches in a future climate agreement 
can offer some advantages (Sawa). First, sectoral approaches could 
encourage the involvement of a wider range of countries, since incen-
tives could be targeted at specifi c industries in those countries. Second, 
sectoral approaches can directly address concerns about international 
competitiveness and leakage: if industries make cross-border commit-
ments to equitable targets, this would presumably mitigate concerns 
about unfair competition in energy-intensive industries. Third, secto-
ral approaches could be designed to promote technology development 
and transfer. It should also be recognized, however, that sectoral 
approaches have some signifi cant problems (Sawa). First, it may be 
diffi cult to negotiate an international agreement using this approach if 
negotiators are reluctant to accept the large transaction costs associ-
ated with collecting information and negotiating at the sector level. 
Countries that are already participating in emission trading schemes 
may tend to avoid any approach that creates uncertainty about their 
existing investments. Second, a sectoral approach would reduce cost-
effectiveness relative to an economy-wide, cap-and-trade system or 
emission tax. Finally, it is diffi cult for a sectoral approach to achieve 
high levels of environmental effectiveness, because it does not induce 
mitigation actions by all sectors.

Recognizing the technology challenge implicit in successfully 
addressing climate change, a second component of this suite of 
international agreements could focus on research and development. 
Specifi cally, it could require participants to adopt a portfolio of 
strategies for reducing barriers and increasing incentives for innova-
tion in ways that maximize the impact of scarce public resources and 
effectively engage the capacities of the private sector (Newell).10 R&D 

10 In the section below on key design issues, we focus on technology transfer as a 
key design issue for any international climate policy architecture. Bosetti, et al. 
analyze the costs and effectiveness of R&D strategies compared with alternative 
architectures.
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 obligations could be linked with emission reduction policies. For 
example, an agreement could require all new coal-fi red power  stations 
to have certain minimum thermal effi ciency—and ready capacity to 
incorporate carbon capture and storage, as the latter becomes tech-
nically and fi nancially feasible—with these obligations binding on 
individual countries as long as the treaty’s minimum participation 
conditions were met. Such an agreement would reduce incentives for 
free riding and could directly spur R&D investments in areas where 
countries and fi rms may otherwise be likely to underinvest.

Third, an international agreement should address adaptation assist-
ance for developing countries. All nations have strong incentives to 
adapt, but only rich countries have the resources and capabilities to 
insure against climate change risks. Rich countries may substitute 
investments in adaptation—the benefi ts of which can be appropri-
ated locally—for investments in mitigation, the benefi ts of which are 
distributed globally. If so, this would leave developing countries even 
more exposed to climate risks and widen existing disparities. Critical 
areas for investment include agriculture and tropical medicine. Policy 
design to leverage such investment can improve developing coun-
tries’ resilience to climate shocks while facilitating their economic 
development.

A fourth set of agreements would govern the research, development, 
and deployment of geoengineering and air capture technologies.11 
Geoengineering could serve as an insurance policy in case refi nements 
in climate science over the next several decades suggest that climate 
change is much worse than currently believed and that atmospheric 
concentrations may have already passed important thresholds for 
triggering abrupt and catastrophic impacts. Geoengineering may turn 
out to be cheap relative to transforming the fossil-fuel foundation of 
industrial economies. While no one country can adequately address 
climate change through emissions abatement, individual nations may 
be able to implement geoengineering options. The challenge may lie 

11 Geoengineering strategies attempt to limit warming by reducing the amount of 
solar radiation that reaches the Earth’s surface—the most commonly discussed 
approach in this category involves throwing particles into the atmosphere 
to scatter sunlight. Air capture refers to strategies for removing carbon from 
the atmosphere. Possible options include fertilizing iron-limited regions of 
the oceans to stimulate phytoplankton blooms or using a chemical sorbent to 
directly remove carbon from the air.
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in preventing nations from resorting to it too quickly or over other 
countries’ objections.

This portfolio approach to international agreements could avoid the 
enforcement problems of a Kyoto-style targets-and-timetables struc-
ture, while providing the means to prevent climate change (through 
standards that lower emissions), become accustomed to climate 
change (through adaptation), and fi x it (through geoengineering). By 
avoiding the enforcement problems of an aggregate approach and by 
taking a broader view of risk reduction, the portfolio approach could 
provide a more effective and fl exible response to the long-term chal-
lenge posed by climate change.

Harmonized domestic policies: a system of national carbon 
taxes12

This architecture consists of harmonized domestic taxes on GHG 
emissions from all sources. The charge would be internationally 
adjusted from time to time, and each country would collect and keep 
the revenues it generates (Cooper). Since decisions to consume goods 
and services that require the use of fossil fuels are made on a daily 
basis by more than a billion households and fi rms around the world, 
the most effective way to reach all these decision makers is by chang-
ing the prices they pay for these goods and services. Levying a charge 
on carbon dioxide (CO2) emissions does that directly.

Carbon taxes could have several advantages over a cap-and-trade 
system (Cooper). First, the allocation of valuable emission allowances 
to domestic fi rms or residents under a cap-and-trade scheme could 
foster corruption in some countries. A carbon tax would avoid such 
problematic transfers. Likewise, a carbon tax minimizes bureaucratic 
intervention and the necessity for a fi nancial trading infrastructure 
(Agarwala). Second, a carbon charge would generate signifi cant reve-
nues that could be used to increase government spending, reduce other 
taxes, or fi nance climate-relevant research and development—though 
it should be noted that the same is true of a cap-and-trade system that 
auctions allowances. Third, a carbon tax may be less objectionable 

12 This proposed architecture was developed by Cooper and supplemented by 
Fischer and Morgenstern on measurement issues, McKibbin, et al. on a hybrid 
of this approach, and economic modeling by Bosetti, et al.



910 Joseph E. Aldy and Robert N. Stavins

to developing nations than an emission cap because it does not imply 
a hard constraint on growth (Pan 2007).13 Fourth, any international 
climate regime requires some means for evaluating national commit-
ments and performance (Fischer and Morgenstern). A carbon tax 
system provides a straightforward and useful metric, since the marginal 
cost of abatement activities is always equivalent to the tax rate itself.

Since several economies, most notably the European Union, have 
embarked on a cap-and-trade system, Cooper investigates whether 
cap-and-trade systems and tax systems can co-exist. He concludes that 
the answer is “yes,” provided that several conditions are met. First, 
allowance prices under the cap-and-trade system should average no 
less than the internationally agreed carbon tax. Second, if the allow-
ance price fell below the agreed global tax for more than a certain 
period of time, trading partners should be allowed to levy countervail-
ing duties on imports from countries with a low permit trading price. 
Third, countries could not provide tax rebates on their exports, and 
cap-and-trade systems would have to auction all of their allowances.

The tax should cover all the signifi cant GHGs, insofar as is practi-
cal. The initial scheme need not cover all countries, but it should cover 
the countries that account for the vast majority of world emissions. 
All but the poorest nations should have suffi cient administrative 
capacity to administer the tax at upstream points in the energy supply 
chain—that is, on the carbon content of fossil fuels.14 The level of the 
tax would be set by international agreement and could be subject to 
periodic review every fi ve or ten years.15

A carbon tax treaty would need to include monitoring and 
enforcement measures. The International Monetary Fund could assess 
whether signatory nations have passed required legislation and set 

13 China’s 2007 National Program on Climate Change indicated that any near-
term emissions reductions in that country will be accomplished using domestic 
policies designed to address energy effi ciency, renewable and nuclear energy, 
and energy security. The document also indicated that in the longer term, China 
may be willing to place a price on carbon emissions using more direct mecha-
nisms such as an emissions tax or cap-and-trade system (Jiang 2008). This 
policy approach is reinforced in Part III of China’s October 2008 White Paper 
on climate change (Information Offi ce of the State Council 2008).

14 For example, the carbon content of oil should be taxed at refi neries, natural gas 
should be taxed at major pipeline collection points, and coal should be taxed at 
mine heads or rail or barge collection points.

15 For a thorough economic assessment of the implications of a system of harmo-
nized domestic carbon taxes, see Bosetti, et al.
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up the appropriate administrative machinery to implement the tax 
(Agarwala). If a country were signifi cantly and persistently out of 
compliance, its exports could be subject to countervailing duties in 
importing countries. Non-signatory countries could also be subject to 
countervailing duties. This possibility would provide a potent incen-
tive for most countries to comply with the agreement, whether or not 
they were formal signatories.16

Cost-effective implementation at a global level would require the 
tax to be set at the same level in all countries. The abatement costs 
incurred by key developing countries would likely exceed, by a con-
siderable margin, the maximum burden they would be willing to 
accept under an international agreement, at least in the near term. 
This could be addressed through transfers (side payments) from indus-
trialized countries to developing countries, thereby enhancing both 
cost-effectiveness and distributional equity. These transfers would be 
from one government to another, raising concerns about possible cor-
ruption, as well as political acceptability in the industrialized world. 
Alternatively, distributional equity could be achieved by pairing the 
carbon tax agreement with a deal on trade or development that ben-
efi ts these emerging economies.

Coordinated national policies: linkage of national and regional 
tradable permit systems17

A new international policy architecture may be evolving on its own, 
based on the reality that tradable permit systems, such as cap-and-
trade systems, are emerging worldwide as the favored national and 
regional approach. Prominent examples include the European Union’s 
Emission Trading Scheme (EU ETS); the Regional Greenhouse Gas 
Initiative in the northeastern United States; and systems in Norway, 
Switzerland, and other nations; plus the existing global emission-
reduction-credit system, the CDM. Moreover, cap-and-trade systems 
now appear likely to emerge as the chosen approach to reducing 

16 In the section on key design issues, below, we discuss the relationship of climate 
policy architectures with international trade law and practices.

17 This proposed architecture was developed by Jaffe and Stavins, and supple-
mented by Ellerman on the European approach as a potential global model, 
Keohane and Raustiala on buyer liability, Hall, et al. and Victor on the impor-
tance of domestic institutions, and by economic modeling from Bosetti, et al.
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greenhouse gas emissions in an additional set of industrialized coun-
tries, including Australia, Canada, Japan, New Zealand, and the 
United States.

The proliferation of cap-and-trade systems and emission-reduction-
credit systems around the world has generated increased attention and 
increased pressure—both from governments and from the business 
community—to link these systems. By linkage, we refer to direct or indi-
rect connections between and among tradable permit systems through 
the unilateral or bilateral recognition of allowances or permits.18

Linkage produces cost savings in the same way that a cap-and-trade 
system reduces costs compared to a system that separately regulates 
individual emission sources—that is, it substantially broadens the pool 
of lower-cost compliance options available to regulated entities. In 
addition, linking tradable permit systems at the country level reduces 
overall transaction costs, reduces market power (which can be a 
problem in such systems), and reduces overall price volatility.

There are also some legitimate concerns about linkage. Most 
important is the automatic propagation of program elements that are 
designed to contain costs, such as banking, borrowing, and safety 
valve mechanisms. If a cap-and-trade system with a safety valve is 
directly linked to another system that does not have a safety valve, the 
result will be that both systems now share the safety valve. Given that 
the European Union has opposed a safety valve in its emission trading 
scheme, and given that a safety valve could be included in a future US 
emission trading system, this concern about the automatic propaga-
tion of cost-containment design elements is a serious one.

More broadly, linkage will reduce individual nations’ control over 
allowance prices, emission impacts, and other consequences of their 
systems. This loss of control over domestic prices and other effects of 
a cap-and-trade policy is simply a special case of the general proposi-
tion that nations, by engaging in international trade through an open 
economy, lose some degree of control over domestic prices, but do so 
voluntarily because of the large economic gains from trade.

Importantly, there are ways to gain the benefi ts of linkage without 
the downside of having to harmonize systems in advance. If two  
 cap-and-trade systems both link with the same  emission-reduction-credit 

18 As Ellerman explains, to some degree the EU ETS can serve as a prototype for 
linked national systems.
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system, such as the CDM, then the two cap-and-trade systems are 
indirectly linked with one another. All of the benefi ts of linkage occur: 
the cost-effectiveness of both cap-and-trade systems is improved and 
both gain from more liquid markets that reduce transaction costs, 
market power, and price volatility. At the same time, the automatic 
propagation of key design elements from one cap-and-trade system to 
another is much weaker when the systems are only indirectly linked 
through an emission-reduction-credit system.

Such indirect linkage through the CDM is already occurring, 
because virtually all cap-and-trade systems that are in place, as well 
those that are planned or contemplated, allow for CDM offsets to 
be used (at least to some degree) to meet domestic obligations. Thus, 
indirectly linked, country- or region-based cap-and-trade systems may 
already be evolving into the de facto, if not the de jure, post-Kyoto 
international climate policy architecture.

Of course, reliance on CDM offsets also gives rise to concerns, 
especially as regards the environmental integrity of some of those 
offsets.19 Some have recommended that a system of buyer liability 
(rather than seller or hybrid liability) would endogenously generate 
market arrangements—such as reliable ratings agencies and variations 
in the price of offsets according to perceived risks—that would help 
to address these concerns, as well as broader issues of compliance 
(Keohane and Raustiala). These features would in turn create incen-
tives for compliance without resorting to ineffective interstate pun-
ishments. In addition, a system of buyer liability gives sellers strong 
incentives to maintain permit quality so as to maximize the monetary 
value of these tradable assets.

While, in the near term, linkage may continue to grow in importance 
as a core element of a bottom-up, de facto international policy archi-
tecture, in the longer term, linkage could play several roles. A set of 
linkages, combined with unilateral emissions reduction commitments 
by many nations, could function as a stand-alone climate architecture. 
Such a system would be cost-effective, but may lack the coordinating 
mechanisms necessary to achieve meaningful long-term environmental 
results. Another possibility is that a collection of bottom-up links may 
eventually evolve into a comprehensive,  top-down agreement. In this 

19 See section on key design issues below for an examination of ways to reform the 
CDM.
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scenario, linkages would provide short-term cost savings while serving 
as a natural starting point for negotiations leading to a top-down 
agreement.20 The top-down agreement may continue use of linked 
cap-and-trade programs to reduce abatement costs and improve 
market liquidity.

A post-2012 international climate agreement could include several 
elements that would facilitate future linkages among cap-and-trade 
and emission-reduction-credit systems. For example, it could estab-
lish an agreed trajectory of emissions caps (Frankel, Chapter 2) or 
allowance prices, specify harmonized cost-containment measures, 
and establish a process for making future adjustments to key design 
elements. It could also create an international clearinghouse for 
transaction records and allowance auctions, provide for the ongoing 
operation of the CDM, and build capacity in developing countries. 
If the aim is to facilitate linkage, a future agreement should also 
avoid imposing “supplementarity” restrictions that require coun-
tries to achieve some specifi ed percentage of emission reductions 
domestically.

Key design issues in international policy architecture

Regardless which overall international policy architecture is ultimately 
chosen, a number of key design issues will stand out as particularly 
important. Based on research carried out under the auspices of the 
Harvard Project on International Climate Agreements, we identify key 
lessons for fi ve issues and elements relevant for a post-2012 interna-
tional agreement: burden sharing, technology transfer, CDM reform, 
addressing deforestation, and making global climate policy compat-
ible with global trade policy. All fi ve of these issues are relevant to the 
relationship between global climate policy and economic development 
(Wirth).

20 Carraro (2007) and Victor (2007) also describe the potential for trading to 
emerge organically as a result of linking a small set of domestic trading pro-
grams. This evolution would be analogous to the experience in international 
trade in goods and services, in which a small number of countries initially 
reached agreement on trade rules governing a small set of goods. As trust built 
on these initial experiences, trading expanded to cover more countries and 
more goods, a process that eventually provided the foundation for a top-down 
authority in the form of the World Trade Organization.
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Burden sharing in an international climate agreement

The most challenging aspect of establishing a post-Kyoto international 
climate regime will be reaching agreement on burden sharing among 
nations that will be explicitly or implicitly part of the adopted regime. 
In this context, the interface between global climate policy and eco-
nomic development becomes particularly important.

One approach to thinking about this issue is to start by focusing on 
what is politically possible, and to identify an allocation of responsi-
bility—with appropriate changes over time—that makes every country 
feel that it is doing only its fair share (Frankel, Chapter 2). A common 
thread in many discussions about “fair,” long-term burden sharing 
is the desirability of gradually moving all countries toward equal per 
capita emissions.21 As a long-term outcome, this would be consistent 
with what many people, from diverse perspectives, regard as ulti-
mately equitable (Agarwala; Cao; and Frankel, Chapter 2), although 
others have noted that if the goal is greater equity in the distribution of 
wealth, directly targeting wealth redistribution would be more effec-
tive (Posner and Sunstein).

More broadly, the three-element formula proposed by Frankel for 
setting evolving country-level emissions targets has the virtue of rec-
ognizing the industrialized countries’ historic responsibility for GHG 
emissions (Agarwala; and Somanathan) and does not reward coun-
tries for previous lack of action. Furthermore, this time-path of evolv-
ing commitments refl ects the reality that, in the short term, developing 
countries value their economic growth more than future environmen-
tal conditions (Victor). But by providing for increased participation 
by developing countries over time, this approach also recognizes that 
it will be impossible to stabilize atmospheric GHG concentrations 
unless rapidly growing developing countries take on an increasingly 
meaningful role in reducing global emissions (Blanford, et al.; Bosetti, 
et al.; Clarke, et al.; Cooper; Hall, et al.; and Jacoby, et al.). The real 
test lies in whether domestic constituencies in the developed world will 
perceive such agreements as fair.

21 Somanathan argues that although an effective solution to climate change will 
require the cooperation of developing countries, achieving near-term GHG 
reductions in these countries will be neither feasible nor desirable because of 
their other priorities for economic and social development.
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Technology transfer in an international climate agreement22

Achieving long-term climate change policy goals will require a remark-
able ramp-up in the innovation and deployment of energy-effi cient 
and low-carbon technologies in an environment that is already expe-
riencing substantial increases in investment (Aldy and Stavins 2008c; 
Newell).23 Transitioning away from fossil fuels as the foundation of 
industrialized economies and as the basis for development in emerging 
economies and less developed countries will likely necessitate a suite 
of policies to provide the proper incentives for technological change 
(Somanathan). Two principal categories of policies are potentially 
important to drive the invention, innovation, commercialization, 
diffusion, and utilization of climate-friendly technologies: (1) interna-
tional carbon markets and other pricing strategies and (2) non-price 
mechanisms, including various means of technology transfer to devel-
oping countries and coordinated innovation and commercialization 
programs.

International carbon markets and technology transfer

The most powerful tool for accelerating the development and deploy-
ment of climate-friendly technologies will be policies that affect the 
current and expected future prices of fossil fuels relative to lower-
carbon alternatives. By setting a price on GHG emissions and thereby 
raising the price of conventional fossil fuels and energy-intensive 
production practices, these policies—which are at the core of several 
proposed international climate policy architectures—will induce invest-
ment in less emissions-intensive technologies. Cap-and-trade programs; 
emission reduction credit systems, such as the CDM; and harmonized 
domestic carbon taxes can thus create incentives for emission mitiga-
tion projects in industrialized and developing countries alike.

22 Below we address technology transfer in the context of efforts to reform the 
CDM.

23 The International Energy Agency forecasts more than $20 trillion of investment 
in the global energy infrastructure between now and 2030. Some of this acceler-
ated investment is evident in China, where one out of six coal-fi red power plants 
is less than three years old. But the investment is not universal—populations 
in least developed countries still suffer from lack of access to power and basic 
energy poverty that can inhibit advances along a variety of development meas-
ures (Aldy and Stavins 2008c).
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Given the long lifetimes of many emissions-intensive capital assets—
power plants may operate 50 years or more, building shells may last 
100 years—long-term carbon price signals may be necessary to allow 
the owners of such capital to form appropriate expectations and alter 
the nature of their investments. Blunt policy instruments such as per-
formance standards or bans on carbon-intensive products can also 
induce innovation, but such approaches are typically less effi cient.

Pricing carbon can leverage foreign direct investment to promote 
less carbon-intensive development. For example, some CDM projects 
have resulted in the deployment of renewable power, such as wind 
farms, as an alternative to coal-fi red power generation. Other CDM 
projects have been criticized for rewarding minor process modifi ca-
tions that do not involve substantial investment in new technologies, 
such as the manufacture of fl uorinated refrigerants. Some countries 
may also consider CDM participation a substitute for taking further 
mitigation actions or even use the CDM to justify weakening policies 
in other areas. More broadly, reforming the CDM could facilitate 
more substantial transfers of technology (Keeler and Thompson; Hall, 
et al.; and Teng, et al.). We consider such approaches below.24

In any event, putting a price on carbon may not facilitate new 
investment fl ows and associated technology transfers to developing 
countries with weak market institutions. If a country has diffi culty 
attracting capital generally, changing the relative prices of carbon-
intensive and carbon-lean capital will not resolve this problem. 
In this case, additional policy interventions would be required to 
stimulate the transfer of technology to developing countries. Also, 
while putting a price on carbon will draw more resources into low-
carbon technology R&D, it will not be suffi cient to fully overcome 
the general disincentive for private-sector investments in R&D. This 
is because undertaking R&D effectively produces new knowledge, 
and this knowledge is a public good. Once the knowledge exists, it is 
diffi cult for fi rms to prevent others from sharing its benefi ts (although 
patent law provides some protection). Since innovating fi rms cannot 
capture all the benefi ts of their R&D efforts, they tend to underinvest 
in such activities. Thus, additional policies are needed to promote the 

24 An alternative to reforming the CDM that could also facilitate greater technol-
ogy transfer is to establish climate accession deals with individual developing 
countries (Victor).
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public- and private-sector innovation that will be required to ensure 
that a next generation of climate-friendly technologies is available for 
deployment.

Additional technology policy in post-2012 international 
climate agreements

The next international climate agreement can provide several mecha-
nisms to facilitate the development and deployment of climate-friendly 
technologies (Aldy and Stavins 2008c; Newell; and Somanathan). 
First, the agreement can provide a venue for countries to pledge 
resources for technology transfer and for R&D activities (Newell). 
The agreement could also codify such pledges as commitments, on 
par with commitments to limit emissions (as in Annex B of the Kyoto 
Protocol). Besides negotiating a given level of fi nancial commitment, 
developed and emerging countries could explicitly articulate how they 
mean to meet their commitments, thereby promoting credibility and 
trust in the agreement. This could take the form of identifying a spe-
cifi c revenue stream (for example, auction revenues from a cap-and-
trade program) that would be adequate and reliable for supporting 
fi nancial pledges.

Financing technology transfer will require coordination and agree-
ment on principles for allocating resources. An institutional home for 
clean technology funds may be necessary, in which case the interna-
tional policy community will need to decide whether to centralize such 
efforts in a new institution, rely on an existing international institu-
tion, or manage the program through a decentralized array of national 
institutions. Likewise, some agreement on the means for coordinating 
R&D activities will have to be considered in identifying the appropri-
ate institutional design.

A framework for coordinating and augmenting climate technol-
ogy R&D could be organized through a UNFCCC Expert Group 
on Technology Development, supported by the International Energy 
Agency (IEA) (Newell). Broadening IEA participation to include 
large non–Organisation for Economic Co-operation and Development 
(OECD) energy consumers and producers could also facilitate such 
coordination. An agreement could include a process for reviewing 
country submissions on technology development and for identifying 
redundancies, gaps, and opportunities for closer collaboration. A fund 
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for cost-shared R&D tasks and international technology prizes could 
be established to provide fi nancing for science and innovation objec-
tives that are best pursued in a joint fashion. The agreement could 
also include explicit targets for increased domestic R&D spending on 
GHG mitigation.

An independent mechanism for reviewing policies that affect tech-
nological development and deployment may benefi t these efforts. 
Rigorous, third-party review of all nations’ policies and fi nanc-
ing mechanisms could support coordinated, international efforts by 
providing an authoritative assessment of the comparability of effort 
among participating countries. This could include reviews of fi nan-
cial contributions by large countries, analyses of the effectiveness of 
technology transfer activities, and identifi cation of the best policy 
practices being implemented around the world. Such reviews could 
be undertaken by an existing international institution or may require 
the creation of a new, professional bureaucracy focused on this single 
surveillance task. The same institution or mechanisms could also help 
to assess the comparability of efforts on mitigation, adaptation, and 
other elements of an international agreement.

In addition to strengthening incentives, barriers to climate-
friendly technology transfer could be lowered through a World 
Trade Organization (WTO) agreement to reduce tariff and non-
tariff barriers to trade in environmental goods and services (Newell). 
Development and harmonization of technical standards—which could 
be undertaken by international standards organizations in consulta-
tion with the IEA and WTO—could further reduce impediments to 
technology transfer and accelerate the development and adoption of 
climate-friendly innovations.

Finally, an international climate policy architecture could provide 
positive incentives for developing and emerging economies to pursue 
good policy practices. For example, conditioning access to climate 
technology funds on the implementation of domestic “no regrets” 
climate policies could substantially increase the “climate return” to 
technology fund resources. Alternatively, access to clean technology 
funds could be scaled based on the extent of policy action in devel-
oping and emerging economies—as governments implement more 
climate-friendly policies, they could access a larger pool of resources. 
Such determinations could be made on the basis of independent, 
expert reviews of countries’ climate and energy policies.
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Reforming the clean development mechanism

One of the important principles identifi ed by our research teams is that, 
because there are very large start-up costs for creating new institutions, 
consideration should be given to maintaining existing institutions, such 
as the CDM, and improving them rather than abandoning them (Hall, 
et al.; Karp and Zhao; Keeler and Thompson; and Teng, et al.).

As we emphasized earlier, serious critiques have been leveled at the 
CDM in its current form: because the CDM is an emission-reduction-
credit system (not a cap-and-trade system), the concern is that it may 
credit emission reductions that are not truly additional. There have 
been numerous calls to address the CDM’s problems by putting in 
place criteria and procedures to increase the likelihood that certifi ed 
offset credits represent emission reductions that are truly “additional, 
real, verifi able, and permanent.” While such reforms would have 
merit if they were effective, there are a number of alternative, more 
dramatic changes in the CDM that merit consideration.25

Improved, expanded, and focused ghg offsets

One promising approach would involve less emphasis on strict ton-
for-ton accounting and more emphasis on a range of activities that 
could produce signifi cant long-term benefi ts (Keeler and Thompson). 
There are fi ve key elements of this proposal. First, the criteria for 
CDM offsets would be changed from “real, verifi able, and permanent 
reductions” to “actions that create real progress in developing coun-
tries toward mitigation and adaptation.” The reasoning behind this 
change is that strict, project-based accounting rules, while intended 
to protect the environmental integrity of trading programs, have 
increased transaction costs and thereby limited the utility of the CDM. 
The argument is that developing country actions are more important 
than the sanctity of short-term targets in making real progress on miti-
gating climate change risk.

25 We noted above the possibility of addressing the problems of the CDM through 
a system of buyer (rather than seller or hybrid) liability, in order to generate 
market arrangements that would help address these critiques, such as reliable 
ratings agencies, and variations in the price of offsets according to perceived risks 
(Keohane and Raustiala). This approach would give sellers incentives to main-
tain permit quality to maximize the monetary value of these tradable assets.
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Second, this proposal would make a signifi cant share of  industrialized 
country commitments (whether international or domestic) achievable 
through offset payments to developing countries. If industrialized 
countries aimed to purchase offset credits equivalent to at least 10 
percent of their overall emissions targets, they would greatly expand 
the fl ow of resources available to support developing country actions. 
Third, a specifi ed portion of offset credits (perhaps 50 percent) would 
be sold up front, and the proceeds would be put in a fund for sup-
porting investments in projects throughout the developing world. 
By allowing greater fl exibility to support large-scale or nonstandard 
projects, this approach could increase the geographic diversity of miti-
gation activities and reduce transaction costs.

Fourth, international negotiations would be focused on develop-
ing guidelines for an international offsets program. Key issues to be 
addressed would include criteria for eligible activities, policies, and 
investments; requirements for documentation or accountability; mech-
anisms for ex-post adjustment; criteria for the distribution of funds; 
and set-asides, if any, for particular types of projects or technologies. 
Fifth, clearly delineated tasks would be delegated to new and existing 
institutions for the purpose of managing and safeguarding the offsets 
program.

Such reform of the CDM could facilitate more substantial transfers 
of technology (Aldy and Stavins 2008c). In addition, creating a list of 
pre-approved technologies could lower the transaction costs of the 
review and certifi cation process and thus encourage more projects. 
Expanding the coverage of the CDM from specifi c projects to an entire 
industry, such as the power sector, could promote the exploitation 
of all low-cost mitigation opportunities in that country’s industry, 
some of which may be too small to be proposed on a project-by-
project basis. Finally, modifying the CDM to include policies, as well 
as projects, could also stimulate further investment in low-carbon 
technologies. For example, credits could be awarded for implement-
ing vehicle fuel-economy standards, reducing fossil-fuel subsidies, or 
enforcing land-tenure rules that slow deforestation.

On the other hand, efforts to improve the performance of the CDM 
as a means for transferring climate-friendly technologies to develop-
ing countries also confront some major challenges (Aldy and Stavins 
2008c). First, the diffi culty of demonstrating additionality in a project 
context may become even greater in an industry or policy  context—that 
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is, the problem of constructing a project-based  counterfactual (what 
would have happened anyway) becomes a similar counterfactual 
estimation problem, only at the more complicated level of a broader 
industry or policy. Second, limits imposed by industrialized countries 
on the volume of CDM credits that can enter their carbon markets 
will lower credit prices and discourage some new technology invest-
ment. Third, the CDM may create disincentives for some emerging 
economies to take on more substantial action domestically or make 
commitments as part of an international agreement.

If the transfer of climate-friendly technology from developed to 
developing countries is necessary to address climate change, then some 
have argued that the objective of a revamped CDM should not be pri-
marily to capture inexpensive mitigation opportunities (“low-hanging 
fruit”), but rather to spur new and replicable technology transfer from 
developed to developing countries. Consistent with this notion, some 
have proposed a “Technology CDM” under which technology trans-
fer would be the only emissions-reducing activity for which credits 
would be awarded (Teng, et al.). This would offer the opportunity to 
strengthen the technology transfer effects of the CDM in the near term 
without redesigning the whole system.

Climate accession deals

Others have taken the early limitations of the CDM as evidence that a 
fundamentally different approach will be needed to make real progress. 
One proposal that refl ects this view is for climate accession deals to be 
employed as a new strategy for engaging developing countries (Victor). 
This approach builds on two premises: fi rst, that developing nations 
value economic growth far more than they value future global environ-
mental conditions and second, that many governments of developing 
nations lack the administrative ability to control emissions.

Under this proposal, climate accession deals would be negoti-
ated on a country-by-country basis. An individual accession deal 
would essentially consist of a set of policies that are tailored to gain 
maximum leverage on a single developing country’s emissions, while 
still aligning with its interests and capabilities. Industrialized countries 
would support each accession deal by providing specifi c benefi ts such 
as fi nancial resources, technology, administrative training, or security 
guarantees. Because these deals would be complex to engineer, they 
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should be few in number and focused on nations with extremely high 
potential for reducing emissions.

A given developing country would bid a variety of policies and pro-
grams that make sense for its development trajectory. Its bid would 
include information on existing barriers (e.g. funding, technology, 
access to international institutions). Subsequent international negotia-
tions would determine the resources that industrialized nations would 
provide to that country and the metrics for assessing compliance. 
Accession deals could assist developing countries in adhering to global 
norms for GHG abatement efforts, akin to trade accession deals that 
promote adherence to a consistent set of trade rules.

Compared to conventional approaches, accession deals could have 
several advantages (Victor). First, they would be anchored in host 
countries’ interests and capabilities. Second, they would be limited in 
number and could yield a signifi cant degree of leverage while minimiz-
ing external investment. Third, they would engage private enterprise 
and government ministries that are beyond the environmental and 
foreign affairs ministries. Fourth, such accession deals would be repli-
cable and scalable. Where they succeed, they could offer templates for 
similar deals in other countries.

Addressing deforestation in an international climate 
agreement26

Forest carbon fl ows comprise a signifi cant part of overall global GHG 
emissions, with deforestation contributing between 20 and 25 percent 
of net emissions. Worldwide, the amount of CO2 sequestered in forest 
vegetation is approximately 1,300 billion tons, compared with annual 
industrial CO2 emissions of 31 billion tons. Thus, changes to forests 
can have enormous impacts on the global carbon cycle, which implies 
in turn that forest carbon management ought to be an element of the 
next international agreement on climate change. A promising path 
forward could involve taking a “national inventory” approach, in 
which nations receive credits or debits for changes in forest cover rela-
tive to a measured baseline (Plantinga and Richards).

Three basic approaches could be taken to address deforestation 
in an international climate agreement. The fi rst approach, currently 

26 This section draws on Plantinga and Richards.
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used by the CDM, relies on project-level accounting. Under this 
system, individual landowners can apply for credits for net increases 
in carbon stored in forests on their land. Once the permitting author-
ity verifi es that the claimed sequestration is valid, the landowner can 
sell the credits in allowance markets. But experience has shown that 
such project-by-project accounting faces serious challenges, especially 
in establishing the counterfactual baseline against which to evaluate 
projects. This additionality problem is compounded by problems of 
leakage (the off-site effects of projects), permanence (the potential for 
future changes or events to result in the release of sequestered carbon), 
and adverse selection problems (the most profi table projects, which 
are most likely to occur anyway, are also the most likely to be credited 
under project-oriented CDM).

A second policy approach would “delink” forest carbon programs 
from emission allowance systems. Rather than focusing on carbon 
credits, the program would focus on inputs such as policies to discour-
age deforestation, programs to encourage the conversion of marginal 
agricultural land to forests, and projects to better manage forests in 
forest-rich countries. These commitments could be funded by overseas 
development aid, international institutions, or through a separate 
climate fund. A delinked system would have some advantages in terms 
of lower transaction costs and by virtue of opening separate negotia-
tions over international forest sequestration and energy emissions. But 
this approach would also have two serious disadvantages. First, incen-
tives for forest-based carbon sequestration would be diminished and 
participating countries may shift their attention from assuring positive 
carbon outcomes to attracting project funding. Second, decoupling 
the forest carbon program from cap-and-trade systems removes one 
of the best sources of funding to promote land-use changes—emitters 
seeking lower-cost options to reduce their net emissions.27

A third, more promising approach is national inventory accounting. 
Under this approach, nations would conduct periodic inventories of 
their forest carbon stock. The measured stock would be compared with 
a pre-negotiated baseline to determine the offset credits that can be 
redeemed, or debits that must be covered, in the permit market. With 
this approach, national governments, rather than project  developers, 

27 Bosetti, et al. fi nd that including credits for deforestation in a global cap-and-
trade system reduces costs signifi cantly.
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pursue carbon sequestration activities through the implementation 
of domestic policies. International negotiations would determine the 
reference or baseline stock of stored forest carbon. These negotiations 
could be used to address equity issues, as well as provide incentives 
for countries—in particular, countries with declining stocks—to par-
ticipate in the agreement.

A national inventory approach would greatly reduce the problems 
that plague the CDM’s project-by-project approach. It could also 
provide comprehensive coverage of changes to forest carbon stocks 
and be applied equally to all participating countries and to all measur-
able changes in forest carbon stocks. There are also some reasonable 
concerns about this approach. First, the scope of carbon sequestra-
tion activities is limited to those that can be measured. Second, the 
approach provides incentives for governments, not private project 
developers, which may be a disadvantage in countries with weak insti-
tutions, high levels of corruption, or powerful special interest groups. 
Third, problems with additionality, permanence, etc. may resurface 
with—and reduce the effectiveness of—domestic carbon sequestration 
policies pursued by national governments.28

Making global climate policy compatible with global trade 
policy29

Global efforts to address climate change could be on a collision course 
with global efforts through the WTO to reduce barriers to trade 
(Frankel, Chapter 16). With different countries likely to adopt differ-
ent levels of commitment to climate change mitigation, the concern 
arises that carbon-intensive goods or production processes could 
shift to countries that do not regulate GHG emissions. This leakage 
phenomenon is viewed as problematic—by environmentalists because 
it would undermine emission-reduction objectives and by industry 
leaders and labor unions because it could make domestic products less 
competitive with imports from nations with weaker GHG  regulations. 

28 A delinked, input-based approach could be used as an interim strategy while the 
scientifi c community works to develop the measurement capacity necessary to 
support national inventories.

29 This section draws extensively on Frankel (Chapter 16); supplemented by Karp 
and Zhao on trade sanctions, and Newell and Hall, et al. on subsidies for inter-
national transfers.
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Thus, various trade measures—including provisions for possible 
penalties against imports from countries viewed as non-participants—
have been included in some climate policy proposals in the United 
States and Europe, as well as in proposals for a post-2012 interna-
tional policy architecture (Jaffe and Stavins; and Karp and Zhao).

The widespread impression that the WTO is hostile to environmen-
tal concerns has little basis in fact. The WTO’s founding Articles cite 
environmental protection as an objective; environmental concerns 
are also explicitly recognized in several WTO agreements. Recent 
WTO rulings support the principle that countries not only have the 
right to ban or tax harmful products, but—perhaps more critically—
that trade measures can be used to target processes and production 
methods (PPM), provided they do not discriminate between domestic 
and foreign producers. The question is how to address concerns about 
leakage and competitiveness in a way that does not run afoul of WTO 
rules and avoids derailing progress toward free trade and climate goals 
alike.

Future national-level policies to address climate change may be 
expected to include provisions that target carbon-intensive products 
from countries deemed to be making inadequate efforts. These provi-
sions need not violate sensible trade principles and WTO rules, but 
there is a danger that in practice they will. The kinds of provisions 
that would be more likely to confl ict with WTO rules and provide 
cover for protectionism include the following: (1) unilateral measures 
applied by countries that are not participating in the Kyoto Protocol 
or its successors; (2) judgments made by politicians vulnerable to 
political pressure from interest groups for special protection; (3) uni-
lateral measures that seek to sanction an entire country, rather than 
targeting narrowly defi ned energy-intensive sectors; (4) import barri-
ers against products that are further removed from carbon-intensive 
activity, such as fi rms that use inputs that are produced in an energy-
intensive process; and (5) subsidies—whether in the form of money or 
extra permit allocations—to domestic sectors that are considered to 
have been put at a competitive disadvantage.

By contrast, border measures that are more likely to be WTO-
compatible include either tariffs or (equivalently) requirements for 
importers to surrender tradable permits designed with attention to the 
following guidelines: (1) trade measures follow some multilaterally-
agreed set of guidelines among countries participating in the emission 
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targets of the Kyoto Protocol and/or its successors; (2) judgments 
about which countries are complying or not, which industries are 
involved and their carbon content, and which countries are entitled 
to respond with border measures are made by independent panels of 
experts; (3) measures are applied only by countries that are reducing 
their emissions, against countries that are not doing so, either as a 
result of their refusal to join an agreement or their failure to comply; 
and (4) import penalties target fossil fuels, and fi ve or six of the most 
energy-intensive major industries that produce manufactured bulk 
goods: aluminum, cement, steel, paper, glass, and perhaps iron and 
chemicals.

The economics and the laws governing the interaction of trade and 
environmental policy are complex, and a multilateral regime is needed 
to guide the development of trade measures intended to address con-
cerns about leakage and competitiveness in a world where nations 
have different levels of commitment to GHG mitigation. Ideally, 
this regime would be negotiated along with a successor to the Kyoto 
Protocol that sets emission-reduction targets for future periods. If that 
process takes too long, however, it may be useful in the shorter term 
for a limited set of countries to enter into negotiations to harmonize 
guidelines for border penalties, ideally in informal association with the 
secretariats of the UNFCCC and the WTO.

Conclusion

Great challenges confront the community of nations seeking to estab-
lish an effective and meaningful international climate regime for the 
post-2012 period. But some key principles, promising policy archi-
tectures, and guidelines for essential design elements have begun to 
emerge.

Climate change is a global commons problem, and therefore a 
cooperative approach involving many nations will be necessary to 
address it successfully. Since sovereign nations cannot be compelled 
to act against their wishes, successful treaties must create adequate 
internal incentives for compliance, along with external incentives 
for participation. A credible global climate change agreement must 
be: (1) equitable; (2) cost-effective; (3) able to facilitate signifi cant 
technological change and technology transfer; (4) consistent with the 
international trade regime; (5) practical, in the sense that it builds—
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where possible—on existing institutions and practices; (6) attentive 
to  short-term achievements, as well medium-term consequences and 
long-term goals; and (7) realistic. Because no single approach guaran-
tees a sure path to ultimate success, the best strategy may be to pursue 
a variety of approaches simultaneously.

The Harvard Project on International Climate Agreements does not 
endorse a single international climate policy architecture. Rather, in 
this concluding chapter, we have highlighted four potential frame-
works for a post-Kyoto agreement, each of which is promising in some 
regards and raises important issues for consideration. One calls for 
emissions caps established using a set of formulas that assign quantita-
tive emissions limits to countries through 2100. These caps would be 
implemented through a global system of linked national and regional 
cap-and-trade programs that would allow for trading among fi rms 
and sources. A second potential framework would instead rely on a 
system of linked international agreements that separately address miti-
gation in various sectors and gases, along with issues like adaptation, 
technology research and development, and geoengineering. A third 
architecture would consist of harmonized domestic taxes on emissions 
of GHGs from all sources, where the tax or charge would be interna-
tionally adjusted from time to time, and each country would collect 
and keep the revenues it generates. Fourth, we discussed an archi-
tecture that—at least in the short term—links national and regional 
tradable permit systems only indirectly, through the global CDM. We 
highlight this option less as a recommendation and more by way of 
recognizing the structure that may already be evolving as the de facto 
post-Kyoto international climate policy architecture.

Regardless of which overall international policy architecture is 
chosen, a number of key design issues will stand out as particularly 
important, including burden sharing, technology transfer, CDM 
reform, addressing deforestation, and making global climate policy 
compatible with global trade policy. All of these issues involve the 
relationship between global climate policy and economic develop-
ment, and all are under careful investigation as part of the Harvard 
Project.

As the Harvard Project on International Climate Agreements moves 
forward, we continue to draw upon leading thinkers from academia, 
private industry, government, and nongovernmental organizations 
around the world. We also continue to work with our research teams 
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around the world and meet in a wide variety of venues with those who 
can share their expertise and insights. We look forward to receiving 
input regarding all elements of our work—including feedback on the 
proposals and analyses which constitute the content of this book.
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Glossary and abbreviations

For additional defi nitions, see:
www.pewclimate.org/global-warming-basics/full_glossary
http://unfccc.int/essential_background/glossary/items/3666.php

The texts of the United Nations Framework Convention on Climate 
Change and the Kyoto Protocol may be found at:

 http://unfccc.int/essential_background/convention/background/
items/2853.php
http://unfccc.int/kyoto_protocol/items/2830.php

Allowance A tradable right to emit a specifi ed amount of a sub-
stance. In greenhouse gas markets, usually denomi-
nated in metric tons of CO2-equivalent per year. 
“Allowance” is generally used interchangeably with 
“permit.”

Annex I An annex to the UNFCCC listing countries that would, 
among other things, “adopt national policies and take 
corresponding measures on the mitigation of climate 
change” (article 4, para. 2.a), upon ratifi cation. These 
countries belong to the OECD or are economies in 
transition. The list of Annex I countries overlaps 
almost completely with the list of countries in the 
Kyoto Protocol’s Annex B.

Annex B An annex to the Kyoto Protocol listing countries that 
would assume legally binding commitments, upon 
ratifi cation of the Protocol. Annex B also lists the 
actual commitments, as a percentage change in annual 
emissions (from which an “assigned amount” may be 
computed), generally from emissions in 1990. The list 
of Annex B countries overlaps almost completely with 
the list of countries in the UNFCCC’s Annex I.
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Assigned An Annex B country’s binding emissions target under 
Amount Unit  the Kyoto Protocol is referred to as its “assigned 

amount” (Article 3, paras. 7–8). These targets are 
divided into “assigned amount units” (AAUs), each 
equal to one metric ton of CO2 equivalent. AAUs 
may serve as the currency for international emissions 
trading under Article 17 of the Kyoto Protocol.

Banking Saving emission permits for future use (not in the year 
assigned) in anticipation that these will accrue value 
over time. This value might be realized either through 
trading or through use, if emissions are anticipated to 
increase or become more expensive to abate.

Basket The six greenhouse gases listed in Annex A of the 
of Gases  Kyoto Protocol, together constituting a “basket” in 

which Kyoto commitments are denominated. They are: 
carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O), hydrofl uorocarbons (HFCs), perfl uorocarbons 
(PFCs), and sulphur hexafl uoride (SF6).

BAU “Business as Usual.” This refers to the projected level 
of future greenhouse gas emissions expected without 
emission mitigation policies.

Benchmark A measurable variable used as a reference in evaluating 
the performance of projects or actions. Also referred to 
as a baseline.

BTU The British Thermal Unit is a standard measure of the 
energy content of fuels. It is the amount of heat needed 
to raise the temperature of one pound of water one 
degree Fahrenheit.

Bubble An informal term referring to a provision in the Kyoto 
Protocol (Article 4, para. 1) that allows a group 
of countries to aggregate their emissions and emis-
sions targets, and strive to meet the latter jointly. 
The European Union, through its Emission Trading 
Scheme, has utilized this provision.

Cap An absolute aggregate emissions limit for a country, 
region, subnational territory, or sector.

Cap- A policy that sets a cap for a particular air pollutant, 
and-Trade  issues permits (or “allowances”—see glossary terms) 

that sum to the cap, allocates the permits to entities 
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subject to regulation under the system (usually  business 
fi rms), and provides for those entities to buy and sell 
the permits. The system does not, in general, specify 
the means by which participating entities achieve emis-
sions reductions.

Carbon See CO2e.
Dioxide 
Equivalent
Carbon The uptake and storage of carbon. Trees and plants, for
Sequestration  example, take in carbon dioxide, release the oxygen, 

and store the carbon. Sometimes used in connection 
with CCS.

Carbon Sink Any reservoir that takes up and stores carbon. Oceans 
and forests are the primary carbon sinks in the Earth’s 
carbon cycle.

CCS Carbon capture and storage (or “sequestration”) refers 
to a set of technologies that remove carbon dioxide 
from process streams in power or manufacturing 
facilities and store it (generally underground) for long 
periods of time. Only a very small number of pilot CCS 
facilities have been built.

CDM Clean Development Mechanism. Article 12 of the 
Kyoto Protocol establishes the CDM to assist devel-
oping countries in achieving sustainable development 
through project-based emissions reduction. Successful 
projects generate “certifi ed emission reduction” units 
(CERs). (In practice, the term “credit” is often used 
instead of “unit.”) CERs may be sold to Annex I 
countries, which may apply them to their emission-
reduction-commitments, or into carbon markets (e.g., 
national or regional cap-and-trade systems), where 
they may be traded (in some cases subject to quanti-
tative limitations) interchangeably with government-
issued allowances. The UNFCCC, through its CDM 
Executive Board, evaluates projects and issues CERs. 
An important criterion for issuance is “additionality”: 
The Board must determine that emissions reductions 
resulting from the project would not have occurred in 
its absence.



CER Certifi ed Emission Reduction. One CER unit (or credit) 
corresponds to one metric ton of CO2-equivalent 
 emission reduction generated through a Clean 
Development Mechanism project. (See also “CDM.”)

CO2 Carbon dioxide. CO2 is the primary greenhouse gas 
emitted by human activities, through fossil fuel com-
bustion, land-use change, and industrial processes 
(cement production being one of the most signifi cant 
contributors).

CO2e Carbon dioxide equivalent. The emissions of a green-
house gas, by weight, multiplied by its global warming 
potential (see “GWP” in glossary).

Commitment A time period during which parties to a greenhouse-
Period  gas-reduction agreement are subject to the terms of 

that agreement. For example, the Kyoto Protocol’s 
fi rst commitment period covers the years 2008 through 
2012.

COP Conference of the Parties. The “supreme body 
of the UNFCCC,” established by Article 7 of the 
Convention, comprised of countries that are parties 
to the Convention. In practice, the Conference meets 
annually, in early December.

Credit Like an “allowance” or “permit” (which are in practice 
nearly synonymous with each other), a tradable right 
to emit a specifi ed amount of a substance. “Credit,” 
though, generally refers to a right generated from an 
emission-reduction project (usually a CER from a 
CDM project) and may be specifi ed more completely 
as an “emission reduction credit” or “offset credit.”

Economies The industrialized countries listed in Annex I or Annex 
in Transition   B that are undergoing the process of transition to a 

market economy. These include some former Soviet 
republics, including Russia, and several central and 
eastern European countries.

EU ETS The European Union Emission Trading Scheme. The 
EU ETS’s fi rst trading period—which was a trial 
period in some respects—ran from 2005 through 
2007. The second period is coincident with the fi rst 
Kyoto Protocol commitment period, 2008—2012. 
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In  late 2008, the EU specifi ed, in part, the parameters 
of the third commitment period, which will start in 
2013. The EU ETS is the largest and most developed 
 cap-  and-trade system in the world.

GATT General Agreement on Tariffs and Trade. The GATT 
was for many years the multilateral agreement for 
international trade policy, succeeded in 1995 by the 
World Trade Organization.

GEF Global Environment Facility. The GEF is a multilateral 
organization established in 1991 that provides grants 
to developing countries for projects that address a 
variety of environmental problems. The GEF is also the 
formally designated fi nancial mechanism for several 
multilateral agreements, including the UNFCCC.

GHG Greenhouse gas. An atmospheric gas that differentially 
allows incoming solar radiation to pass unimpeded and 
absorbs outgoing long-wavelength (infrared) radiation 
emitted or refl ected from the Earth’s surface. GHGs 
thereby cause warming of the Earth’s surface and near-
surface atmosphere. Six GHGs are named in Annex 
A  of the Kyoto Protocol.

GWP Global Warming Potential. A GWP measures the effec-
tiveness of a greenhouse gas in absorbing outgoing 
infrared radiation, relative to that of CO2. The Kyoto 
Protocol (Article 5, para. 3) mandates the use of GWPs 
determined by the IPCC for comparing and aggregat-
ing greenhouse gas emissions with regard to Annex B 
commitments. See also “radiative forcing.”

G8 Group of Eight. The G8 is a forum of the largest 
industrialized economies. Members are Canada, 
France, Germany, Italy, Japan, the United Kingdom, 
the United States, and Russia, which joined in 1998, 
after several years of informal participation. While 
the G8 was founded to address economic issues, it 
has increasingly focused on climate change policy and 
other matters over the last several years. Also of late, 
the annual summit has been preceded by a meeting of 
members’ environmental ministers, who have prepared 
the climate change agenda for the summit.
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G8+5 Climate A discussion forum launched at the 2005 G8 meeting 
Change  in Gleneagles, Scotland,  incorporating the G8  countries 
Dialogue  and the large emerging economies: Brazil, China, India, 

Mexico and South Africa.
G20 Group of Twenty. The G20 includes the G8 members 

and major emerging market countries, providing a 
forum for fi nance ministers and central bank governors 
to address international fi nance issues.

Hot Air “Hot air” is an informal term referring to Kyoto or 
other targets in excess of expected (or actual) emissions, 
for a particular country or region. Within a cap-and-
trade system, “hot air” yields excess permits that might 
be sold into the market. Russia and Eastern Europe have 
a great deal of hot air, in large part because their econo-
mies (and hence emissions) declined signifi cantly subse-
quent to the 1990 baseline set by the Kyoto Protocol.

IEA International Energy Agency. An intergovernmen-
tal organization founded by the Organisation for 
Economic Co-operation and Development (OECD) in 
1974 that conducts analysis of energy policy and pro-
vides guidance to its member governments.

IET International Emissions Trading, established by Article 
17 of the Kyoto Protocol. Countries with Annex B 
commitments can participate in IET. See also “cap and 
trade.”

IPCC Intergovernmental Panel on Climate Change. The IPCC 
was created in 1988 by the United Nations Environment 
Programme and the World Health Organization to 
advise the international policy community on scientifi c 
research on global climate change.

JI Joint Implementation. JI refers to emission mitigation 
projects conducted collaboratively between industrial-
ized countries, as specifi ed in Article 6 of the Kyoto 
Protocol. Such projects yield emission reduction units 
(ERUs) that may be traded.

Kyoto The market mechanisms of the Kyoto Protocol: JI, 
Mechanisms CDM and IET.
Kyoto A protocol to the UNFCCC that was adopted in 
Protocol  1997 and came into force in 2005. The protocol sets 
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binding targets for 37 industrialized countries and the 
European Union for reducing GHG emissions.

Leakage Leakage is an increase in emissions in one country as the 
result of a cap on emissions in another country. Leakage 
can occur because emission reduction caps increase costs 
for industry, which may lead to a shift of production to 
countries without caps.

Linkage Provision for interchangeability of permits, credits, or 
both between and among cap-and-trade and emission-
reduction-credit systems.

LULUCF Land use, land-use change, and forestry. A potential 
source of emissions reductions.

L20 An analog to the G20 whose membership overlaps 
almost completely with the Leaders of the G20 member 
countries. The L20, established by former Canadian 
Prime Minister Paul Martin and two Canadian NGOs in 
2003, addresses a variety of multinational policy issues.

MOP Meeting of the Parties. The supreme body of the Kyoto 
Protocol that meets annually for negotiations, in con-
junction with the UNFCCC COP.

 Non-Annex I All countries that are not listed in Annex I of the 
countries  UNFCCC, that is, developing countries and some 

economies in transition.
OECD Organisation for Economic Co-operation and 

Development.
Offset A reduction in greenhouse gas emissions from one 

source, used to compensate for (offset) emissions else-
where. See also “credit.”

OPEC Organization of the Petroleum Exporting Countries.
PAM Policies and measures. Under the UNFCCC, Annex I 

countries should undertake policies and measures to 
demonstrate leadership in addressing global climate 
change.

Permit See “allowance.”
ppm Parts per million; may be measured by weight or 

volume.
ppmv Parts per million by volume.
Radiative Refers to the difference between radiation coming into
Forcing  the atmosphere and reaching the Earth’s surface, and 
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the radiation emitted from the Earth’s surface. Positive 
radiative forcing increases the temperature of the lower 
atmosphere and the Earth’s surface. Negative radiative 
forcing cools them. Increasing concentration of GHGs 
in the atmosphere increases radiative forcing. Radiative 
forcing is closely related to the global warming poten-
tial (GWP) of individual GHGs.

REDD “Reducing emissions from deforestation and 
degradation.”

RGGI Regional Greenhouse Gas Initiative. A cap-and-trade 
scheme introduced in ten US Northeast and Mid-
Atlantic states, beginning in 2009.

RTA Regional trade agreement.
Targets and Targets refer to binding emission caps, and timetables 
Timetables  refer to the timing of the commitment period during 

which these caps must be met.
UNFCCC United Nations Framework Convention on Climate 

Change. The multilateral agreement that provides 
the foundation for international climate negotiations, 
which entered into force in 1994.

US EIA US Energy Information Administration, an agency of 
the US Department of Energy.

US EPA US Environmental Protection Agency.
WTO World Trade Organization.
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 See also climate accession deals
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 WTO, 622, 634–6
accountability
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 offsets, 457, 462–4
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 assessment of needs, 197
 Bali Action Plan, 10–11, 584
 developing countries, 262, 447
  support, 671–2, 908
 incentives, 261–2
 meaning, xxxiv
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 multistage hybrid model, 584–5
 necessity, 241
 overinvestment, 280
 portfolio approach, 261–4
 research and development, 263–4
 rich countries’ responsibility, 262
Adaptation Fund, 667
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 emissions allocation, welfare costs, 

778–9
 emissions targets, 69, 70, 727
 greenhouse gas emissions, 722
 vulnerability to climate change, 353
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915
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 Consultative Group on International 
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(CGIAR), 194, 263, 614
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 Green Revolution, 614
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 national reports to UNFCCC, 330
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 technology cooperation, 613–14, 
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  emissions trading, 549–55
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architectures (cont.)
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carbon sequestration
 carbon taxes. See carbon taxes
 categories
  decentralized policies, 9–10
  G-Cubed modelling, 861–3
  harmonized domestic policies, 9
  MiniCAM modelling, 794–6
  targets and timetables, 8–9, 900
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  WITCH modelling, 720–7
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 participation. See participation
 path dependence, 442–3
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 quantitative impacts. See WITCH
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  technology transfer. See 

technology transfer
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Development and Climate 
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aviation sources, 95, 250

Babiker, Mustafa, 24–5
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Barrett, Scott, 16, 727, 900, 906n
Bart, Istvan, 103
Barton, John, 431
BASF, 416
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