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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 CO, 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 five 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 scientifically 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—ratified 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 CO, 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
identifies four: mitigation, adaptation, technology, and finance. In the



Foreword XXXV

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 flows 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 ratification of any
new climate protocol in the United States and around the world. We
must be flexible enough to recognize and accept the value of diverse
approaches to the climate challenge.

This collection of essays reflects 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 briefly. 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.

e 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 financial 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 difficult 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, reflecting 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 significantly 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 efficiency, the
transformation of the transportation sector through advanced biofuels
and plug-in hybrids, and the phase-out of conventional coal-fired
power generation. Such steps could become the basis for harmonized
national policies—setting, for example, targets for improvement in
energy efficiency and deployment of renewable energy—that could be
endorsed globally as confidence-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 efficiency 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-fired 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 benefit 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 finan-
cial resources. None of this will be easy, but a flexible and positive
approach can yield results if it focuses—as the Harvard Project
does—on solutions that are scientifically 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 Introduction

JOSEPH E. ALDY AND ROBERT N. STAVINS!

Diverse aspects of human activity around the world result in greenhouse
gas (GHG) emissions that contribute to global climate change. Emissions
come from coal-fired 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

! 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 financial 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.?

The Kyoto Protocol to the United Nations Framework Convention
on Climate Change (UNFCCC) marked the first meaningful attempt
by the community of nations to curb GHG emissions. This agreement,
though a significant first step, is not sufficient 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 first commitment period, which ends in 2012.
Others maintain that a fundamentally new approach is required.

Whether one thinks the Kyoto Protocol was a good first step or a
bad first 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 scientifically
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 “scientifically 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 first 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 benefited
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 refined 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 first 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 officials, 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.? 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 findings 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 reflect 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 flex-
ibility mechanisms such as Article 17, which provides for emissions
trading among the Annex I countries* that take on commitments under
the Protocol. More specifically, 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 flex-
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 flexibility 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+35 refers to the G8 countries plus the five
leading developing countries—Brazil, China, India, Mexico, and South Africa.
The L20 refers to the G8+35 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 finally, the fact that the Kyoto Protocol was signed
by more than 180 countries and subsequently ratified by a sufficient
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 ratified 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 (CO,) 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 CO, 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 fifty 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 benefits 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 difficult 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 firms, this is a
sensible assumption because if firms 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 sufficient 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 profitable 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 five-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 sufficient incentives
for countries to comply (see Chapter 8 by Barrett). Some countries’
emissions have grown so fast since 1990 that it is difficult 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 first 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
specified time frames. An example of an approach that would be
within this realm of targets and timetables, but would address some
of the perceived deficiencies of the Kyoto Protocol, would be a regime
that established emission targets based on formulas rather than
specified fixed 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.’ Conversely, when and if
countries faced difficult 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 first set of approaches. In this case, countries agree on
similar domestic policies. This reflects 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).® 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 financial
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 final 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

¢ 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).” 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 identifies 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. Specifically, Harvard Project research teams have brought
their scholarship to bear on each of the five major elements of the Bali
Action Plan: a long-term global climate policy goal, emission mitiga-
tion, adaptation, technology transfer, and financing.

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 identification 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 identifies a variety
of means for constructing a long-term international climate policy
architecture—for example, Bosetti, ef 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,
reportable, and verifiable,” 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 specific 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-specific 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 finance a serious and sufficient 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 identified 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).
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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 specific post-Kyoto international policy architecture.
We begin, in Chapter 2, with a proposal by Jeffrey Frankel of Harvard
University for “Specific 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 deficiencies 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 reflects political as well
as scientific 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 flexible 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 first 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 finds the greater challenges
may lie in developing an effective centralized authority, devising side
benefits 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 difficult 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 benefits 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 find 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 diversification 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 CO, raises the price
of CO,-emitting activities, including fossil-fuel use, and thus is the
most direct method of influencing 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 satisfies none of the key criteria for a credible global
compact, the author posits four fundamentals for a future climate
agreement: first, it should set realistic targets designed to stabilize
global CO, 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 significant 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 specific 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
difficulty 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 T 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 unified 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 flexible response to the long-term global challenge
posed by climate change.

Part [I—negotiation, assessment, and compliance

The remainder of the book focuses on specific 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, Bard 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: first, 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; fifth, 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 efficient; 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 difficult issues of justice, particularly
with respect to the distribution of burdens and benefits 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 sufficient 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 sufficient 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
fluctuations 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 I11—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-efficient 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 five elements: (1) change the criteria for offsets from “real, veri-
fiable, and permanent reductions” to “actions that create real progress
in developing countries toward mitigation and adaptation”; (2) make
a significant 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 fits 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 specific emphasis on technology trans-
fer. This enhanced regime would have three features: first, technology
transfer must be identified 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 first 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 conflict 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 conflict 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 fine 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. Specifically, 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
significance of this set of issues in the post-Kyoto international climate
policy debate, we include five 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 efficient 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 first 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 final 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 CO, 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 confine 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: first, 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 specific benefits, such as financial resources, technology,
administrative training, or security guarantees. According to Victor,
accession deals could have several advantages: first, they would be
anchored in host countries’ interests and capabilities; second, they
could yield a significant 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, financing 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
financing 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 difficult, 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 five 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 efficiency, environmental effec-
tiveness, distributional implications, and political acceptability, as
measured by feasibility and enforceability. The authors conclude,
first, that achieving a stabilization target of 450 parts per million
(ppm) for the atmospheric concentration of CO, only (550 ppm for
all GHGs in CO,-equivalent terms) will be exceptionally difficult 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 first—can achieve CO,
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-CO, 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 financial implications of various cost and emission-
reduction outcomes. They find 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 financial 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 reflect sufficient regard for the difficulty of finding 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 Pacific 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
findings emerge from this analysis: first, 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
technology; 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 influence 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 CO, 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.
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In the final 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 financial 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 efficiently: 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).®! However, these
three systems differ in how they would transmit economic disruptions
from one economy to another. McKibbin, Morris, and Wilcoxen find
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
significant 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 reflects on the factors that make the global dimensions of climate
change so difficult 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 difficult
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 identified as being important for the
design of a scientifically 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 identified by our twenty-six research teams with
regard to five 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 five 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 final 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 find 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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Alternative international policy
architectures






2 An elaborated proposal for a global
climate policy architecture: specific
formulas and emission targets for all
countries in all decades!

JEFFREY FRANKEL

This chapter offers a framework of formulas that produce precise
numerical targets for emissions of carbon dioxide (CO,) 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:

1. The United States will not commit to quantitative targets if China
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.

2. China and other developing countries in the very short run will not
make economic sacrifices, especially because the United States has
not done so.

I 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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3. China and other developing countries, even in the longer run,
will not make sacrifices different in character from those made by
richer countries that have gone before them.

4. In the long run, no country can be rewarded for having “ramped
up” its emissions well above 1990 levels before joining.

5. No country will agree to participate if its expected cost during the
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.

6. No country will abide by targets that cost it more than X in any
individual budget period, where X is for now set at 5 percent of
income.

7. If one major country drops out, others will become discouraged
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 first 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
S percent of income in any given period. Atmospheric CO, 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 scientific environmental objectives (e.g., stabiliz-
ing atmospheric CO, 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-benefit
analyses (weighing the economic costs of abatement against the
long-term environmental benefits).? 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-benefit-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 first 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 ratified. 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 sufficient teeth and is acceptable to
member countries. Given the importance countries place on national
sovereignty it is unlikely that this will change.* 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 attributes’® that any proposed successor-
agreement to the Kyoto Protocol should deliver:

* More comprebensive participation—specifically, getting the United
States, China, and other developing countries to join the system of
quantitative emission targets.

e Efficiency—incorporating market-flexibility 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 first-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 CO, 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 reflect 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.

e Compliance—recognizing that no country will join a treaty if it
entails tremendous economic sacrifice and that therefore compli-
ance cannot be reasonably expected if costs are too high. Similarly,

[

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-
fice, 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 fine a degree of resolution at a century-long horizon as we
can at a five- or ten-year horizon. Fixing precise numerical targets a
century ahead is impractical. Rather, we need a century-long sequence
of negotiations, fitting within a common institutional framework that
builds confidence 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
flexible enough that it can accommodate the unpredictable fluctuations
in economic growth, technology development, climate, and political
sentiment that will inevitably occur. Only by striking the right balance
between continuity and flexibility 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 confidence 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.

1. The United States will not commit to quantitative targets if China
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.

2. China, India, and other developing countries will not make sacri-
fices they view as

a. fully contemporaneous with rich countries;

b. different in character from those made by richer countries who
have gone before them;

c. preventing them from industrializing;

d. failing to recognize that richer countries should be prepared to
make greater economic sacrifices than poor countries to address
the problem (all the more so because rich countries’ past emis-
sions have created the problem); or

e. failing to recognize that the rich countries have benefited from
an “unfair advantage” in being allowed to achieve levels of per
capita emissions that are far above those of the poor countries.

3. In the short run, emission targets for developing countries must
be computed relative to current levels or BAU paths; otherwise
the economic costs will be too great for the countries in question
to accept.® 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

¢ 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.

4. No country will accept a path of targets that is expected to cost it
more than Y percent of national income throughout the 21st century
(in present discounted value), where Y is for now set at 1 percent.

5. No country will accept targets in any period that are expected to
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 defined relative to what would happen if the country in question
had never joined. An alternative would be to define 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 § percent.

6. If one major country drops out, others will become discouraged
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 scientific 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 first 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 first.
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There is only one possible solution, only one knife-edge position
that satisfies 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.” (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 five 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 sufficiently generous (i.e., do not
reflect a significant 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 specific
numerical targets for all countries, for all five-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 flexible 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 firms 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 reunification, 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 financial crisis of
2007-2009. A first measure to deal with the practical difficulty 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 first 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 specified 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 specific 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.? But we found that starting dates had to be further
modified 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-benefit
optimization or to deliver a particular environmental and/or ethical
goal. Specifically, 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
sacrifices 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.” 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 reflect those
prices today, based on them, and the effort will fail in the first 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

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 firms 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-specific numeric emission targets for
every fifth year: 2012, 2017, 2022, etc. For each five-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 confirmed in December
2008:'° 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 sacrifices necessary to achieve this target.!!
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.

1 Tt 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 reunification 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 Pacific countries are assigned the Kyoto goal of a 6 percent
reduction below 1990 levels. Of all ratifiers, Canada is probably the
farthest from achieving its Kyoto goal.!?> 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).'3

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.'* We interpret these targets as cuts of
10 percent every five 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. 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.'® 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.)

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.

The bills are conveniently summarized in Table 1A in Hufbauer, Charnovitz
and Kim (2009).

6 'S.2191: America’s Climate Security Act of 2007.

—-
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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.!7 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.!® A slightly
revised “manager’s” version of the Lieberman—Warner bill earned sig-
nificant 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.”

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.?? There are three respects in
which it might be naive 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
defining 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].)
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. Al14; 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.

19
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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 efficient
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.?! 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 specifies 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 five 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.%3 In the regional groupings of our model,
Australia is classified 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 first Kyoto period.”?* 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,”%’ 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.?® 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 flatten 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.%”

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).

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

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

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

One could note, first, that President Lee came to office setting a variety of ambi-
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Meanwhile, South Africa has evidently proposed that its emissions
would peak by 2025 and begin declining by 2030.%8

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.2’ 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 five- or
ten-year lag between treaty signing and budget period would point to a
first-cuts budget period around 2024-2027. But persuading Beijing to
move the 2030 date up by five years is not as critical as persuading it to
accept some quantitative target in 2010, even if that target only reflects
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 first budget period—that is, for the first 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.
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
finance 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.

This was China’s position in talks near Berlin with five 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 first 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 first period. Specifically, 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 reflect 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 defined as those countries that have not ratified Kyoto
or for which Kyoto did not set quantitative targets. (Perhaps it should
also include those like Canada that ratified 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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Figure 2.1. The emissions cuts agreed at Kyoto were progressive with respect
to income, when expressed relative to BAU

(Sources: The World Bank, the US Energy Information Administration, and
national communications to the UNFCCC)

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 flatten 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 = o + A (percentage gap between country’s lagged emissions
and 1990 emissions).
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The parameter A represents the firmness with which latecomers are
pulled back toward their 1990 emission levels. The value of A implicit
for Europe at the time the Kyoto Protocol was negotiated was suf-
ficient 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 o and A 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 flattening
of emissions being interpreted here as holding absolute emissions in
2022 equal to 2007 levels). The parameters then work out to

o = 0.2115 and A = —0.3400
Thus:

LCF = 0.2115 — 0.3400 log(country’s current emissions /
country’s 1990 emissions).°

The third element is the Gradual Equalization Factor (GEF). Even
though developing countries under our proposal benefit 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 first 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 Tf Korea were to back away from its president’s commitment in light of recent
economic difficulties, but some other important middle-income country were to
step up to the plate with explicit and specific 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 2100.3!

The parameter (8) 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 6 = 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 8 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 & satisfied the economic objectives and delivered
year-2100 atmospheric CO, 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 reflect 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 & 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 find 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 ;,) = log (BAU,,) — (PCF,,) + (LCF,,)
+ (GEF.

Lo

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

PCF,,=log (emission target EU, o/ BAU EU, ) + 0.14 log
(country 7’s income/cap,_, / EU income/cap,);
LCF,,=0.2115 — 0.3400 log (country #’s emissions_, / country 7’s
€missions |49,
GEF,,= — 0.1 log (country i’s emissions per capita,_, / global
average emissions per capita,_,).

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),

e 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

e relative to the BAU path, which is important for evaluating the
sacrifice 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

Jeffrey Frankel

KOSAU = Korea, South Africa,

New Europe and Australia (3 coal-
UsS = United States users)
CAJAZ = Canada, Japan,and TE =Russia and other
New Zealand Transition Economies
MENA = Middle East and  SSA = Sub-Saharan Africa
North Africa CHINA =PRC
SASIA = Indiaand therestof @ LACA =Latin America and
South Asia the Caribbean
EASIA = Smaller countries of
East Asia

In the first 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.’? These gains reflect the benefits 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 five 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 figures. 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.?3 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 efficient, 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 2040.3
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 figure is omitted here to save
space.
34 Figure 2 of HPICA Discussion Paper 08-08.



%LE0  %L¥ 0~ %¥YT'T %YL 0= %CE0~ %T90 %LS0 %90 %9T0 %¥8°0 %9T0 %690
VOV1  VISVd VNIHD  VISVS VSS VNI 4L zv[vDO AvsSOM odNdd  O¥MNAM vsn
ddD Jo 1uad 1ad se passardxy "9, ¢ = 2181 JUNOISIP 18 A

sarunod Surdojoaap 10§ s1981e] 91T YIM

suoisas 7 Jo ¢ova 40f s1a34v] u0issuud Jo 3509 210U paydmy q¢°g dqeL

%080 %S§€0- %1~ %790 %860 %1€0 %<CT0 %LL0 %81°0 %50
VNIHO VISVS VSS  VNAW 4L Zv[vD NVSOX  OdNdAIN  O¥NddTO vsn

4D Jo 1uad 13d se passardxy ‘94, ¢ = 2181 IUNOISIP 18 A
sarnunod 3urdoaAsp 10§y s1981e3 J938] YIM

suo13a4 () JO ¢ova 40f s7o34v] U0ISSIUD JO 150D IMMOU0I2 Payydu] e T dqe ],



An elaborated proposal for a global climate policy architecture 71

OECD Emissions

GtC

Q ) O Q I\
Q N ) » N

N
©
e P

Q Q Q
$ &) S
) >

e

—@— BAU —m— Simulated Emissions

Cap

Figure 2.2a. Emissions path for industrialized countries in the
aggregate—with later targets for developing countries
Note: Predicted actual emissions exceed caps by amount of permit purchases.
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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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NON OECD Emissions
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Figure 2.3a. Emissions path for poor countries in the aggregate
—with later targets for developing countries
Note: Predicted actual emissions fall below caps by amount of permit sales.
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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
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Figure 2.4a. Emissions path for the world, in the aggregate—with later
targets for developing countries

World Industrial Carbon Emissions
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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.’’

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 fine models out there.3¢ 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 specific 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-benefit 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.3”

Based on the WITCH simulations conducted for this analysis, the
world price of CO, under our proposal surpasses $20 per ton in 2015,
as Figure 2.5 shows. It is then flat 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
CO,. Only toward the end of the century does it level off, at almost $700
per ton of CO, 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 first half
of the century—under 1 percent of income—but that rise toward the
end of the century.3® 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.

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

38
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Price of Carbon Permits

Zoom on Price of Carbon Permits

[ —a— 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-benefit 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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Price of Carbon Permits
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Figure 2.5b. Price of carbon dioxide rises slowly over 50 years, then
rapidly—with earlier targets for developing countries

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
benefits—that is, no attempt is made to estimate environmental
benefits 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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GWP loss

| [ FRANKEL Architecture |

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 first place. In another sense, however, the costs are
underestimated: anyone who drops out can expect leakage to the hilt.
Its firms 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
GHG:s 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 CO, in the atmosphere stabilizes at
500 ppm in the last quarter of the century.
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Carbon Concentrations (CO, only)
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Figure 2.7a. CO, concentrations nearly achieve year-2100 concentration
goal of 500 ppm—with later targets for developing countries

Carbon Concentrations (CO2 only)
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Figure 2.7b. CO, concentrations achieve year-2100 goal of 500 ppm—with
earlier targets for developing countries
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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 figures 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 first 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 2009.3° Our first 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 specified a sufficient political constraint (e.g., no loss to
any country in any period above 5 percent of income), and proceed to a
cost-benefit 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

3 Financial Times, July 9, 2008, p. 5.
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community or being analyzed using other integrated assessment
models.*® 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 insufficiently 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 CO,.

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 specific parameter
values by which they chose to illustrate them. I would say the same of mine.)
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important step intellectually: to introduce uncertainty, especially in
the form of stochastic growth processes.*! 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 § percent of income, even though this had not been
the expectation ex ante, that country will drop out. At a first 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 firms 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
modifications 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
modifications 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 efficiency 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.*> 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 floor 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 first 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/benefit calculations.* 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
specifies 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-fired 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. Benefit-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 flexible 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 ELLERMAN'

Introduction

The European Union Emission Trading Scheme (EU ETS) can claim
to be first in many respects. It is the first 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 first that provides the motiva-
tion for this chapter: The EU ETS is the world’s first 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 fifth 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

difficult 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 significant 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,

I 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—Ilike 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 significant 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 significant 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-fifth that of the wealthiest EU nation, Ireland, which has per capita
income 5 percent higher than that of the United States.?

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 fifteen
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 financial 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 (CO,) 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 CO, 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 fifteen members of the EU (EU1S5) 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” five-year trading period
(2008 through 2012) that would coincide with the Protocol’s First
Commitment Period. This first “real” period would be followed by
subsequent five-year trading periods.

More significantly, the EU ETS has grown from the original fifteen
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 fiscal matters, unlike regulatory measures, require the
unanimous agreement of all member states. Third, early experience
with the US trading system for sulfur dioxide (SO,) 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.? For purposes of
this discussion, the key accomplishments of the EU approach are that a
uniform price for CO, 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 verification—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 significant emission reductions.

The rest of this chapter addresses five important aspects of the EU
ETS as a potential prototype for a multinational system. The first
aspect concerns a novel contribution of the EU ETS: the use of a
partial, and time-limited, first 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 benefits and appropriate differentiation in the face of increasing
stringency. The fifth and last aspect concerns an anticipated problem
that hasn’t appeared so far in the EU ETS context: public opposition
to cross-border financial flows 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 specific 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 defined 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 CO, emissions sufficiently in 2008-2012 to ensure
compliance with the Kyoto Protocol. In a broader context, the same
approach could be used to rehearse for full-fledged 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 firms 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 Recall that the final 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
difficulties 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 benefit of the trial period was that it provided more reliable
data on actual emissions for included installations. Verified emission
reports for the first 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 deficiencies 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-fledged 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 efficiency, 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 first 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 difficult 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 efficiency 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 significant change will be the
inclusion of aviation sources. As of 2012, the EU ETS will expand to
include in-flight emissions for all flights originating or terminating in
the EU.¢ 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.

Defining 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,” allocation, monitoring, reporting, verification, 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

¢ The aviation sector is not completely integrated into the EU ETS because of
the inclusion of emissions for international flights, 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.

The system-wide cap in a decentralized system, such as the EU ETS during the
first 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.

7



96 Denny Ellerman

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 snuffing 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.® 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 specific and carefully circumscribed
functions that are additional to its general powers as an executive
agent under the European Treaties.” The most important of these
specific 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 notifies the Commission
that its NAP is complete.!? This power has proved to be important.
Without it, the final 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.

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.

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.

10
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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 specified
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 inflation), the list of installa-
tions to be included and their allocations (to ensure inclusiveness), and
the absence of ex post adjustments in allocation.!' 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 first 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 significant
function that the Commission performed in the trial period. Equally

1 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 efficient 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
unofficial 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 final
agreement.

The evolution of the Commission’s role

The first 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 definition 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, defini-
tional issues concerning what installations were included had been
largely resolved by the time the second-period NAP notifications
were due in June 2006. But the most important factor in changing the
Commission’s approach was the release, in May 2006, of verified emis-
sions data for 2005. These data revealed that EU-wide emissions were
lower than previously thought. Despite the significant reductions that
the Commission required in the “caps” proposed by member states,
it became evident that the finally approved totals for some member
states, mostly in Eastern Europe, had involved significant 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 first period totals but 2005 verified 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 verified 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-
fied 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 specified 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.'? Assuming that political will or other motiva-
tions are sufficient 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
flawed and that greater centralization is the remedy. In part this view
reflects a vision of a stronger European political structure that could
avoid the messiness of decentralized decisions, but it also reflects 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 CO, 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 significant discretion in
deciding national emission caps, maintain separate national registries,
and administer monitoring, reporting, and verification 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 difficult 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 EU1S in a manner more closely fitting 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 benefits

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 EU135 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 benefits—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 EU1S5 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.'
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 benefits 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 significantly, 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 fit the circumstances of the new
member states (Jankowski, 2007; Chmelik, 2007; Bart, 2007). The
Directive was, as characterized by Jankowski, “an ill-fitting 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 first 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
influence 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 official positions of the governments
of new member states and their actions can only be explained by
the broader benefits of belonging to the EU. Whatever the perceived
disadvantages of mandatory participation in the ETS, those disadvan-
tages pale in significance when compared to the benefits of free flows
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 benefits of EU membership cannot be extended
to the world, one lesson of the European experience is that similar
side benefits will be needed to induce and maintain participation in a
global system.

Stringency, differentiation, and harmonization

Club benefits largely explain how the EU ETS has grown from the
initial fifteen 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 conflict 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
conflict 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 defined

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.'* 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.’ 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.

The claim of competitive disadvantage ought to lack validity for a fixed, lump-
sum allocation, but it is firmly 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 efficacy of this
argument.



The EU emission trading scheme: a prototype global system?

105

160%

150%

140%

130%

120%

& Sweden

_Poland

110%

Denmark ¢

4 Spain

Germany

Czech Rep ¢

v
Hungary‘

100%

r—
Italy ™ jreland
7

k2

e

UK

90% -

80%

ETS Total to Baseline Emissions

70%

60% T T T T T T
60% 80% 90% 100% 110% 120% 130% 140% 150%

BSA/Kyoto Target to Baseline Emissions

70%

Figure 3.1. Relation of NAP1 totals to baseline emissions and the Kyoto/
BSA targets

Source: Ellerman, Buchner, and Carraro (2007)

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, significant 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 reflect 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 difficulties 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.'® 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 verified 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 first period cap. Figure 3.2 shows the relationship between
2005 verified emissions (horizontal axis) and the second period
national totals (vertical axis), where both are expressed as ratios of
the first period totals.

For nearly all member states, both their 2005 verified emissions and
the second period totals are less than in the first period. As is clearly
evident from Figure 3.2, the lower a member state’s 2005 verified emis-
sions, the lower the quantity of emissions allowances reflected 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 first 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 EU135, 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).!7 Starting in 2013, the overall, EU-wide cap is set to decline
indefinitely at a rate of 1.74 percent per year such that emissions by
2020 would be 21 percent below 2005 verified 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 20035 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 efficiency of these measures leave much to be desired.
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Source: Compiled by the author.

governments according to an agreed formula.!® Eighty-eight percent of
the allowances to be auctioned would be allocated to member states in
proportion to their 2005 verified 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.
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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 artificially high per capita GDP. Otherwise, it
is clear that the EU13 states are assuming more of the cost burden of
reducing CO, 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 first instance in which the
beneficiaries 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 final 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
verified emissions). The initial Commission proposal contained
significant differentiation as indicated by the first 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 final 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 benefit 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-specified
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 five years thereafter.

The mostinteresting feature of recent changes in the EUETS 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 find 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
beneficiaries to receive as much as 50 percent more than they would be
entitled to under a strictly proportional system.

Financial flows

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 financial flows between participating
nations. These flows 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 beneficiaries of global differentia-
tion. The concern is that these two factors would combine to create
large international flows 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 financial flows 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 finan-
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 ot 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 flows, which accounted for only 354
million EUAs or 5.8 percent of the total. The small share of interna-
tional trading reflects 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 figure,
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 sufficient to cover at least 88 million tons would
have had to flow across EU borders. The actual level was four times
higher. Even if the many offsetting flows between trading pairs are
eliminated, the sum of net flows 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-five member states were importers of EUAs in some
amount, although only seven were net importers.'®

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 filled.
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 flows 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 deficit 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 firm 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 firm that was short in Spain as
to a firm 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
flows 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 verified emissions. Placing a value on these imports is dif-
ficult 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) outflow 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.?° 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 flow 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 find 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 profits, over-allocation, high initial prices—but not interna-
tional flows of funds as a result of cross-border allowance trades.?!

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 CO, 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 financial flows 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 reflects 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 benefits. The European
Commission cannot perform the same role on a global scale, nor can
the benefits 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 benefits 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 first 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 significant 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.! 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 benefit-
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.

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 significant incentives
for regulatory authorities to link tradable permit systems.

Despite the benefits 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 benefits 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 35,
Implications of linkage, examines the general implications of linkage,

Footnote 1 (cont.)
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.
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including potential benefits 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, firms will choose whichever
option is less expensive. As long as trading costs are low and allowance
markets are sufficiently competitive, trading will lead firms 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 defines 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 (CO,) 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 final 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.> 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 firms to save
unused allowances for use in future years. Borrowing allows firms to use
allowances that will be issued in future years to demonstrate compliance
in an earlier year. Both banking and borrowing allow firms flexibility to
shift emission reduction efforts over time to minimize costs.

A safety valve puts an upper bound on the compliance costs that
firms 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, firms’ 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 floor (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 certified emissions reductions. Some
programs that are described as credit systems can be quite similar to a
cap-and-trade system.* 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 obligationsin 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 firms, 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 firm is allocated a quantity of allowances that reflects
its specific emissions limit.
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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 CO,
emissions from more than 11,000 industrial facilities and electricity
generators in twenty-five European countries (European Commission
2005). Those sources collectively emitted approximately 2 billion
metric tons of CO, in 2005, about 45 percent of the EU’s CO, 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.° 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

3 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 ratification 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 CO, 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.® 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 CO, 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 CO, emissions as one of the
key elements of its proposal for achieving the 2020 target.

¢ 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 significant
GHG emission-reduction-credit system to date. Under the CDM, certi-
fied emission reductions (CERs) are awarded for voluntary emission
reduction projects in developing countries that ratified 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 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 reflects a reduction of 1 metric ton of CO, 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 significant 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 flexibility
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 CO,-equivalent emission reductions
over the five years of the Kyoto Protocol’s first 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 identified 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 firms 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 flow 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 flow to the system with the higher price. In fact, if there
is a sufficient 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 reflects 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).® The effects of this linkage are already apparent
in secondary markets for CERs, where EU ETS allowance prices are
considered a major factor influencing 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 qualified 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 specified 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.” 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 significant
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, verification, 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 modified 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.

The threshold price is an inflation-adjusted amount that begins slightly below
$11 per ton of CO, (in 2005 US dollars) and increases by 2 percent per year in
real terms.

9
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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.!°

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.

Benefits of linkage

The most significant benefit 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 benefit is that linkage broadens the market for allow-
ances and credits, which can improve market liquidity, reduce price
volatility, and mitigate market power concerns.!! If one or both of the
linked systems is small, the benefits from broadening the market for
allowances and credits can be very important. A third benefit 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

19 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 benefit 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 difficulty 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.!? 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 firm participating in one of the linked systems depend
on changes in the allowance price that the firm 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 firm 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 significant effects on firms and
households that do not directly participate in trading. Likewise, by
changing the production costs of firms that are emissions-intensive or
that rely on emissions-intensive inputs, linkage can have significant
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
flows between countries. Because any trading is voluntary, these
capital flows are necessarily beneficial to the entities involved in the
trading. Others, however, may object—especially if these capital
flows are large (Bradsher 2007; Summers 2007). Notably, this has not
been a problem in the EU ETS, although the capital flows 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 influenced 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 influence 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.!3

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 influences 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 significant influence 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 influence 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 specific 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 final 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
significant 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 diversification 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 sufficient
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 difficult 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 first
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 efficacy of this scenario depends heavily on an effective
and widely accepted international credit system.'

4 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 influenced 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 first criterion of meaningful environmental performance depends
on whether: (a) participants set sufficiently stringent environmen-
tal targets, (b) a sufficient 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 sufficient 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.!

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 sufficient
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 flows 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 benefits, it is unclear whether individual political systems will give
greater weight to costs and benefits that are concentrated in particular
industries or to costs and benefits 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.
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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 influence 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 flaw may also
provide some political advantages, however, because nations may be
more willing to make commitments to a system in which they already
participate.'®

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 influential within their own countries, then linkage can

16 Another way in which existing linkages may influence 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.!” 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 ratification 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 significant role as one component of a larger
international climate policy architecture—a role that would not
conflict 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 beneficial 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 finally, 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.!®

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 specified percentage of
emissions reductions on their own, without trading, could limit the
potential benefits 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 specific 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 sufficient 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 difficult 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 significant
role as a component of a larger international climate policy agree-
ment. Such an architecture would use linkage to provide a number
of important benefits, 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 benefits 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 significant 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 diversification 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. COOPER'

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 (CO,), quan-
titatively the most important GHG; extending charges to other GHGs
could be made with little or (in the case of methane) much difficulty.
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 CO, 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 first 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 reflect esti-
mates of future global energy demand based on assumptions about

1T am grateful to Joe Aldy and Rob Stavins for helpful comments on an early

draft.

151



152 Richard N. Cooper

Table 5.1 World carbon dioxide emissions® (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 41 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

aFrom fossil fuels
Source: US Dept. of Energy, EIA, International Energy Outlook (2008), Table A10

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. Specifically, 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 CO, 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
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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
significant, are not included (if they were included, projected non-
OECD emissions would be higher throughout the timeframe shown).
In short, seriously addressing CO, emissions requires a worldwide
approach, not one limited to today’s rich countries. Moreover, if some
significant 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 firms 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 CO,-emitting activities, we must raise the prices of
those activities. Levying a charge on CO, 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 CO,-emitting activities—and none are presently or
prospectively available in the near future—the permits will have value
that will be priced into the CO,-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.
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Second, under a meaningful cap-and-trade scheme governments
will need to allocate valuable emission permits to domestic firms
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 CO,-emitting activities, or they will (indirectly) pur-
chase emission rights from the often rich cronies of political leaders
in developing countries. A universal CO, 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.?

Implementation issues for a carbon charge

Several practical issues must be addressed in considering a “carbon”
charge, including first, 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 significant
GHGs. Six types are listed in the Kyoto Protocol, of which CO, is
the weakest in terms of its per-ton radiative forcing impact on the
atmosphere. Methane, nitrous oxide, some fluorocarbons, and several
other GHGs are much more potent warming gases at the molecular
level, although much less abundant than CO, and less durable (in
terms of their residence time in the atmosphere). In the United States,
for instance, CO, accounted for only 84 percent of the total radiative
forcing from all GHG emissions in 2006 (based on CO, 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-CO, sources of warming faster than CO, in the
short run. Practical difficulties arise in levying a charge on methane
emissions from the agricultural sector. In CO,-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 significant, although not precisely
known, share of global CO, 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 difficulties 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 significantly, but not so high as to
lead to unwarranted economic dislocations. I suggest a charge of $15
per ton of CO, 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 CO,-equivalent impact on radiative forcing in the atmosphere
over 100 years).? 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 er al. (2008). But much about the future is
highly uncertain: the influence of GHG emissions on climate, the
trajectory of GHG emissions, the influence 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 firms
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 five-year intervals thereafter.

Compliance would be easy to assess. The International Monetary
Fund (IMF) has a fiscal 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 significant 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 CO, emissions—would be at
upstream chokepoints in the fuel supply chain: at the refinery 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 field 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 CO,, 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 significant 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 identified 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 difficult,
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-defined, would be much more
difficult to tax, but this type of activity generally accounts for only
a small portion of emissions from land-use changes; moreover, the
abandoned fields 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-
nificant 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, firms 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 firms 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 difficult on a large scale,
and would have to involve the complicity of many officials, something
that is increasingly difficult in an age where the internet is ubiquitous
and many countries afford protection to whistle-blowers.

If a country were significantly 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 CO, 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-fired power plants.

Economic effects

Imposing a charge on an input to the economy as significant 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 inflationary 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 CO, (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, reflecting 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 identifiable 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, firms will respond by producing goods that are more
energy efficient, 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-efficient 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 first five years following the intro-
duction of a $15 per ton CO,-equivalent charge in the United States
(reported in Metcalf, 2007, p.12), although CO, emissions alone
dropped only 8 percent in the first five years.

Simulations run on the US Department of Energy’s Pacific Northwest
National Laboratory (PNNL) model MiniCAM suggest that a
$15-per-ton charge, introduced worldwide in 2012, would reduce
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global CO, 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 CO, are also effectively covered by the charge. (Land-use
sources accounted for 13 percent of estimated global CO, emissions
in the base year 2005, but become strongly negative—perhaps due to
reforestation induced by the policy— following introduction of the
carbon charge.)*

Not surprisingly, the emission reductions one would expect under
a single, common carbon charge differ from country to country. This
variation reflects differences in the cost of reducing emissions in dif-
ferent countries, which in turn reflects (at least in part) different initial
levels of energy efficiency 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 efficient 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 CO, 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 CO, 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
CO, emissions of 13.6 percent. These results indicate a high long-term
response to an implicitly low carbon charge (the tax level modeled

4 T 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 CO, 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 qualification
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 finding of the Ho and Jorgenson work—indeed its
main focus—is that reducing coal consumption in China would have
very significant health benefits 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 significantly to a carbon
charge. But the response would not be overwhelming at the level of
charge suggested, and significant quantities of CO, would continue
to be emitted. Thus the charge would produce significant revenue. To
avoid a significant 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 inflation. By itself, a levy on carbon would raise the
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Table 5.2 Estimated revenues from carbon charge in 2015, before
behavioral response

CO, 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 20135,
plus a 20 percent appreciation of the Chinese yuan against the US dollar.
Source of underlying data: EIA, International Energy Outlook, 2008.

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 inflation-
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 firm 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 CO, 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
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response in that year (as might be the case if the charge were first
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 CO, 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 first concern
is that raising the price of energy will discourage production. Recall,
however, that for a variety of reasons energy is used very inefficiently
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-efficient 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 influence 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) find 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 finance 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 influence
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 first point above, improve efficiency and reduce energy
consumption in response to the carbon charge. It is even conceivable
that prices for capital goods would fall, as efficiency improvements
outweighed increased energy prices. Furthermore, over a sufficiently
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 flow 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 difficult to predict the development and impact of future
technology innovations, but in the end this process could provide a
significant 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 firms 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 CO, 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 first five 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 reflect differences in the relative price
impacts of a carbon charge for each fuel, which in turn reflect 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 profits),
is not reflected 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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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 Workers? Recipients?

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

S -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
@ of $560
b of $420

Source: Metcalf (2007), pp. 17-18.

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 first column of Table 5.3, the effects of the
carbon charge are mildly regressive, hitting the low-income first decile
hardest and the high-income tenth decile the least. Metcalf calculates
that this regressivity can be reduced by giving flat 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.
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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 benefit 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 first 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 beneficiaries 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 CO, 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 first 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 reflected 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 CO, 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 infinite economic value to any single objective. Just
as individuals do, societies usually make trade-offs among objectives,
depending on their incremental costs and benefits. 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-influencing 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.’ 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 CO, 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 CO, 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 difficulties, and the dangers, of allowing
widespread rebates on exports. Houser et al., 2008, demonstrate the difficulties
in calculating the energy content of goods made in the United States—an easier
task than calculating the GHG emissions associated with such goods.



172 Richard N. Cooper

of GHGs in the atmosphere as is commonly believed. If changes in
land use are taken into account, this analysis finds 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 finance. But
so is the principle that he who benefits 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 reflected 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 affirmative, 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 significant amount
for a significant period of time.® But it need not do so. It could retain a

¢ 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 significantly 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 five-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 refined 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

Footnote 6 (cont.)

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.
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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 firms 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 CO, 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 CO,.

The idea of imposing a charge on carbon emissions is in complete
harmony with China’s official energy strategy, adopted in 2002. In
the words of one senior government official, 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, efficiency 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 efficiency
and environmental protection is constantly mentioned by Chinese
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officials, as is the need to raise the price of coal to reflect its full social
costs, including environmental costs (e.g. China Development Forum
2003, p. 93). A charge on environmentally damaging emissions fits
perfectly with this objective; moreover, China has already experi-
mented with effluent charges, with some success (Wang and Wheeler,
1999). Limiting growth in the use of coal would also provide sig-
nificant public health benefits 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-
a-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 CO, 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 significant revenues. Since most gov-
ernments need additional revenues, a mechanism for raising them in
an internationally acceptable way would be welcome, especially to
finance ministries. As noted, the revenues could be used in various
ways that would enhance growth, including financing 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
finance 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 CO,. 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 change'

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-benefit 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 five major
emerging economies, the Group of Five (G5)>—devoted a considerable
amount of attention to the issue of climate change and strategies for

! The chapter was prepared by Dr. Ramgopal Agarwala, formerly a Senior
Adviser at the World Bank.
2 The five 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 profile 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 official
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 countries® on climate change
came out at the recent (July 2008) summit meetings of G8 and G35
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 quantified 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 “callled] 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 significant 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
Official Development Assistance (ODA), but also to existing financial
arrangements under the Kyoto Protocol. The G5 leaders “welcome|[d]
for further exploration, inter alia, the proposal by China for setting up
a climate financing 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 five 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 satisfies the five
criteria discussed in Section III. Section VII takes up the difficult issue
of finding resources to finance adaptation and mitigation programs in
developing countries and refers to some proposals for restructuring the
global financial 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 flow 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 quantified 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 (CO,)-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 figure 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 modified 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, first, 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 difficult 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
efficiency is good for energy security now, apart from its climate
change benefits. 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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1.

than is done currently. Or to put it in another way, these discus-
sions must highlight more forcefully the “co-benefits” of mitigating
carbon emissions, as has been done in India’s climate change paper
(Government of India 2008).

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 flexibility. More specifically,
we suggest five criteria that have to be satisfied by a credible global
compact on climate change:

EN

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 CO, emissions.*

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

In this chapter, unless otherwise mentioned, figures on CO, emissions as given
in World Development Indicators 2007 of the World Bank are used as proxies
for all GHG emissions.



Towards a global compact for managing climate change 185

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 CO, 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 efficient. It should minimize the
global welfare loss associated with achieving emissions reductions
and also minimize the risks of corruption in meeting the targets.

e 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.



186 R. Agarwala

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 five 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 CO, 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 defines 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 efficiency 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 difficult 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 fluctuations. 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



Towards a global compact for managing climate change 187

system breaks down completely. A developing country may sell
Certified 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 certification 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 CO, (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 CO,
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 CO,
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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Table 6.1: Trends in CO, emission, 1990-2003

% change
1990 2003 1990-2003

1. CO, 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. CO, 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. CO, 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.

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 finan-
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 efficiency or carbon
efficiency. 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
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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 benefit 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

Defining targets for CO, emissions that are comprebensive and
equitable

As mentioned above, we believe that emission targets that are compre-
hensive and equitable should be defined on a per capita basis for the
world as a whole. It can be argued that defining emission targets on a
per capita basis will encourage pro-natal population policy. However,
family planning has now become embedded in household behavior and
isbased 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.’

An alternative target would aim to stabilize CO, emissions at
2003 levels by 2050, with a possible target of 50 percent reduction
by 2100.¢ 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 CO, emissions by
no less than 73 percent and developing countries will increase CO, 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, CO, 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 difficult.

¢ 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: CO, stabilization at a con-
centration of 440-485 ppm; a peak year for CO, emissions in the 2010-2030
timeframe; a change in global CO, 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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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 547  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.

time period for developing countries,” the above allocation of CO,-
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 difficult 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 specified 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.



Towards a global compact for managing climate change 193

The above approach will imply a clear definition 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 efficiency 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, CO, 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, CO, 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 efficiency

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 fulfill 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 first step is to get the carbon prices right. This
in turn would be done in two steps.

The first 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 difficult than negotiating on subsidies in the World
Trade Organization (WTQ) 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 CO, 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 CO,, 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),® 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
Immunodeficiency Virus/Acquired Immune Deficiency 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 flexible 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 difficulties 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 fiscal 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 financial resources as well as the formulation of
concrete projects and programs. For that purpose, multilateral finan-
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 CO, 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 figure 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 financial 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 finance 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 five criteria: it has to be comprehensive, equitable, realistic,
efficient, 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” first appeared
in the Bali Action Plan; since then, the Japanese government has led the
world in developing specific proposals for making this approach the
basis for negotiations on a framework to follow the Kyoto Protocol.

This chapter provides an overview of previous findings 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) clarifies 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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Specifically, 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 specific 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 identifies 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 definition.
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).



Sectoral approaches 203

The following points have often been offered as reasons for focusing
on sectoral approaches in envisaging a post-Kyoto framework!:

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 insufficient 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 specific sectors may serve to facilitate developing country participa-
tion while arguably also helping to address “measurability, reportabil-
ity, and verifiability” 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 firms 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 firms in
other countries will not be able to compete on a level playing field.
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 officially proposed that
the technologically feasible emission reduction potential of all emit-
ting sectors be aggregated in a bottom-up approach to set quantified
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 simplified, 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 significant emissions reductions in the long-term, innovative
technology development is indispensable (Barrett 2003; Sugiyama and
Sinton 20035; 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 efficiency 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 inefficient 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 significant implications
in promoting technology development, there is not evidence enough
for the relationship to be proven true; furthermore, it will be difficult
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 modified by the Protocol of 1978 relating hereto) is a successful
example of a multinational agreement that imposed technology stand-
ards on a specific 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-specific 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,



206 Akihiro Sawa

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-specific
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 final 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 “difficult 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 specific 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
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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-
cific 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 firms 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.
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A sectoral approach faces challenges in data collection

Several major data-related issues have been identified in connection
with implementing a sectoral approach (Baron, Reinaud, Genasci, and
Philibert 2007; Bradley 2007; Egenhofer and Fujiwara 2008):

e In developing countries especially, a lack of reliable data and
limited monitoring capacity reduce the potential efficacy of sectoral
approaches.

e No agreement has yet been reached concerning standard boundaries
for defining sectors.

¢ The data needed for benchmarking could be confidential corporate
information, in which case data collection would be complicated.

e Verification 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—Dbe 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:

1. A sectoral approach may potentially play a significant role in over-
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
financial and technology transfer) should be designed to promote
developing-country participation, and data problems, like setting
common benchmarks, should be solved.
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2. Given remaining questions regarding their cost and environmental
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
flexibility mechanisms.

3. Furthermore, taking into account data collection issues and the
need for numerous sector-specific 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 sufficiently 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-Pacific 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.?

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.®> 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 Pacific 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:
asiapacificpartnership.org/PowerGeneration-TransmissionTF.aspx.
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established for eight sectors to identify and implement technologies
and flagship projects that are strategically important in the climate
change arena and that promote efficient 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, inefficient 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
identification 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 principle*). 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
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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 quantified 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 flexibility
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-specific concepts, circumstances, and tech-
nologies, than would be the case in a single negotiation for agreements
across all sectors.

The first 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 efficiency, vehicle fuel efficiency, etc.) and best practices
can be relatively easily identified, 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, traffic 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 efficiency 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 efficiency 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
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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-benefit.

National reduction targets would not be represented by national
emission caps for a particular point in time, rather they would reflect
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 year’ and reflects the fact
that it would be close to impossible to guarantee compliance with
a specific emissions cap for a certain point in time unless economic
changes can be precisely forecasted. Carbon dioxide (CO,) emissions
are naturally susceptible to fluctuations 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 efficacy 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 flexibility 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 officially 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.
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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
efficient 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 final 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 final 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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Figure 7.1. Method 1: Global Top-Runner

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 firms will change.
As a result, reduction potentials and benchmarking will need to be
periodically reviewed—at five-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 CO, or energy inten-
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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)®.

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 specific
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
fifty-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 efficiency and can make significant
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

¢ 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, conflicts 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.



224 Akihiro Sawa

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-
efficiency 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-efficiency 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
findings 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 significantly simplified.

In developing numerical targets for Group I, negotiators would
need to debate between intensity targets—either energy intensity or
CO,-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
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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 efficiency 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 efficiency
improvements, and the energy efficiency 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
firms 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 diversified 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 efficacy 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 reflect 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 reflected in numerical targets.
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Compared with Group I, however, it is much more difficult to
designate targets in terms of CO, 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 CO,
emissions in 20035, and therefore efficiency improvements in the power
sector—especially improvements in thermal power plants that combust
fossil fuels—have significant potential to reduce GHG emissions. The
reduction potential associated with efficiency improvements in coal-
fired power plants alone has been estimated to range from 1.4Gt-CO,
to 2.0Gt-CO, (IEA 2008). Thus, the most appropriate commitment
to numerical targets would be to increase the average conversion
efficiency of coal-fired 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, financial 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 fulfill their separate roles.

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

CO,Emissions = Emissions Intensity X Activity Volume
= On-road Fuel Efficiency X CO, Emissions
Coefficient X Total Distance Traveled
= Certified Fuel Efficiency (km/l)-1 X Traveling
Coefficient X CO, Emissions Coefficient
(gCO,/l) X Total Distance Traveled (vehicle-km)

Individual terms in this equation can be influenced by different
actors. For example, automobile manufacturers can improve certi-
fied fuel efficiency (km/l)—1, while government measures to relieve
traffic jams and eco-friendly changes in driver behavior can influence
the traveling coefficient. Similarly, changes in the CO, emissions
coefficient (gCO,/I), can be achieved by fuel producers and automobile
manufacturers in response to government regulations while total dis-
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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 identified for
certified fuel efficiency (km/l)-1 and the CO, emissions coefficient
(gCO,/l)—thus, these are the factors that lend themselves to specific
numerical targets in a policy template. Other indicators can constitute
targets for policies and measures, if associated emissions reductions
can be quantified. 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-
tified in this group. On the other hand, indicators of efficiency 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 efficiency 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 efficiency 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 financial 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 retrofitting 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 reflect the
efforts of individual companies. For example, if a portion of revenues
is granted to inefficient 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.
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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,” atarget which, if notachieved, will constitute formalnoncompli-
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 efficiency
requirement for newly installed equipment, then incentive meas-
ures could include funds from international financial institutions or
preferential treatment in trade insurances and export credits to be
granted in the event that new equipment surpasses these minimum
efficiency requirements. Also, if products manufactured at plants that
meet minimum efficiency 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 efficiency of thermal
power plants that go beyond minimum efficiency 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 benefits.

In the road transport sector, automobiles with low-carbon tech-
nology can be widely deployed through the implementation of fuel-
efficiency 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 efficient products relative
to “BAU sales”; this in turn reduces power (energy) consumption and
can be used to generate Certified Emission Reductions (CERs). The
same kind of approach can be applied to household appliances in
Group III as well.”

More general incentives for policies and measures in Groups II and
II 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 definition 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 fluorescent lamps (CFL) with Japan’s coop-
eration in China’s Shijiazhuang City in Heibei Province in 2005.
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related to Groups II and III, such as traffic measures and energy,
industry, and urban policies, could pose problems. A government’s
fiscal 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. Definitions and boundaries of SD-PAM are already
discussed in several studies. (Heller and Shukra 2002; Bradley and
Baumert 2003; 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 verification 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 flow 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 efficiency (De Muizon and Glachant 2004).
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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 magnified 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 fulfilling their commitments because of uncertain-
ties in economic growth. However, it may not be sufficient 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 reflect 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 final 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 efficiency from
emissions-trading schemes. However, allowance prices could decline,
provoking a negative reaction from parties that look to emissions-
trading markets for promising financial 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 difficult 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 identified 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 financial support to developing
countries are implemented as untied loans, then financial leakage—the
risk that a country could provide financial aid but still lose a project
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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 CO, 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.! 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.

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

! 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 indefinitely (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 infinitum. 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
CO, 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: first, 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.

QOverview

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 flaw 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 difficult, 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-specific 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-specific 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
final 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 define 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 CO, emissions should
be reduced 20 percent from the 1988 level by 2005. Through 2004,
however, global emissions increased 32 percent.> 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-
specific 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).* 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.’ 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 fifteen members of the European Union meet their
collective limit. Australia recently ratified 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.®

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?”

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 difficult. 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 simplified the issue by
focusing on the most trade-sensitive and energy-intensive sectors), but
sector-specific taxes aimed at reducing leakage would also be hard to
calculate.® Moreover, as trade restrictions became cruder, they would
be less effective at reducing leakage.’ Finally, crude border tax adjust-

ments could serve as a disguise for protectionist measures.
¢ 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.

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

? 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 suffice 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.!”

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 fulfill 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 scientific but not political sense to
limit global emissions. It makes scientific 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 difficult 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.'! 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.!? 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.!3

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 firms that compete with US firms
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 efficient from the perspective of a country acting to limit
emissions unilaterally—not if leakage were significant.

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

" 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.

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-fired power plants, investment in an electric vehicle
infrastructure, efficiency standards for appliances, emission standards for auto-
mobiles, and so on.

13
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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 first place was to provide a forum for choosing
global standards. (Under rules established by the International Civil
Aviation Organization, for example, pilots flying 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 refinery 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.'* 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.'> However, there are also good reasons why
avoided deforestation was left out of the Kyoto Protocol in the first
place. Forest loss is sometimes beyond the control of individual parties
(as in the case of forest fires), the potential for leakage is huge, the ben-
efits of avoided deforestation are reversible, and establishing a base-
line for the purpose of calculating credits is fraught with difficulties.
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 find 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.

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.!® 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 hydrochlorofluorocarbons (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 (hydrofluorocar-
bons) as a byproduct, and HFCs (which are a GHG but 7ot 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.”

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 (defined 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 five 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 financial 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
financial 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 benefits 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 fire protec-
tion.'® The Technology and Economic Assessment Panel (TEAP) that
advises parties to the Montreal Protocol includes members who are
“influential 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 “influential 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 flood 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
superfluous, as private reduction efforts stayed consistently ahead of
regulatory requirements.”

18 Seehttp://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 significant abatement potential, such
as improving the fuel efficiency of vehicles; developing power-plant
carbon capture and storage; and reducing industrial emissions of
HEFCs, perfluorocarbons (PFCs), and sulfur hexafluoride (SF).

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 financial 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 field,” 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 definition, 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." 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 efficient Prebake smelting technol-
ogy (some facilities in developing countries still rely on the less effi-
cient Soderberg technology). Another possibility is to limit upstream
emissions associated with electricity inputs to the production process.
A final 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.?® Other obvious candi-
dates for sectoral agreements include steel and cement.?!

A final 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 superfluous or ineffective.

19 T 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 five years—too short a period to
provide incentives for firms 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 indefinitely and thus prevent backsliding. Future
adjustments and amendments can ratchet up the actions required. It
may be difficult 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.??

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 financing—Dby 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 flat
after the UNFCCC was adopted in 1992; it changed little after Kyoto
was negotiated; and it has remained steady since Kyoto entered into
force.?? Kyoto’s design does not promote R&D directly.

Failure to stimulate R&D makes long-term progress in reducing
emissions difficult. 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.?* Fusion power, however, promises to yield benefits unre-
lated to climate change, in addition to climate benefits. 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 benefits 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-fired power
stations be fitted 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-fired power stations be fitted 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 first 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 CO, 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 find
ways to lower costs and improve efficiency. It must also demonstrate
the safety of underground storage. Because the benefits 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 financ-
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.”?’ 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.”?® 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 benefit 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 benefit 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 CO, 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 benefits 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 benefits 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
finance 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 benefits of which are captured
locally) for the global public good of mitigation (the benefits 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 first attempt to define and implement
the obligation of rich countries to assist the poor. It established an
adaptation fund, financed by a levy on CDM transactions (the CDM
allows rich countries to fulfill their emission-reduction obligations
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by obtaining credit for emission reductions they finance 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 fulfilled 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 flooding). Industrialized countries pay about 70 percent of
the CGIAR’s budget (multilateral and regional development organiza-
tions finance most of the balance). They should increase their contribu-
tions to finance 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.?” 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 amplification” 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 specifically 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 acidification. 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 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 financial terms. How cheap? According to
David Keith (2000: 263), the cost is sufficiently low that “it is unlikely
that cost would play any significant 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
finance 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.?’

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

2% For a discussion of this challenge, see Barrett (2008a). An anonymous referee
suggested that an expectation that geoengineering could stimulate conflict 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, conflict seems
likely. How will it get resolved? That is hard to say, but given that
conflict 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 CO,
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.3°

Industrial air capture involves bringing air into contact with a
chemical “sorbent”—an alkaline liquid that would absorb the CO, in
the air. The CO, could then be sequestered in the same way as CO,
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 benefit 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.3!

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 first 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.”



A portfolio system of climate treaties 269

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”

BARD HARSTAD

Executive summary

Climate change is a dynamic problem with uncertain consequences. As
we learn more about the benefits 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 influ-
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 efficient 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 five such rules. First, the nego-
tiations may be more efficient, 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 influential. 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 efficient
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 #ot 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 modified
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
benefits of reducing emissions in the future. Therefore, we cannot and
should not hope for an “evergreen” agreement that specifies 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, first, to better explain these costs of
negotiation. Second, the chapter suggests and discusses five 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 first rule is to require some kind of harmonization of policies
or use formulas when deriving country-specific 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 #o agreement. This is, as argued below, a much
more efficient default outcome. Future climate negotiations should
also revert to an existing or pre-specified 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 benefit
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
firms 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 firm is relatively small compared to the size of a
country, and thus firms may not think strategically about how their
actions can affect their home country’s bargaining power. On the
other hand, firms do respond to rules, regulations, and incentives
provided by the government. Using such instruments, governments
can influence firms’ choices to a large degree, and governments are,
in contrast to individual firms, 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
agreementatall. 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 modified 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 first 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 specified, 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 beneficial 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.! But the future abatement level (or tax) cannot be specified
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 specified 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 satisfied 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 specified 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,

>

! 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.? This is a severe flaw,
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 five 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 finalized. 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 benefit 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 oo 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 benefits 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 firms) 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
efficient 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 inefficiencies 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 7ot 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 #hat interested in agreement, and may try to
signal this reluctance by seeking delay or by proposing inefficient
agreements. On the other hand, if policy harmonization is required,
countries need only negotiate over how ambitious the common policy
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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 efficient negotiation process (Hoel 1992; Alesina,
Angeloni and Etro 2005). However, the benefits of harmonization
can be exploited without requiring completely uniform policies. If it
is efficient (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 efficient or fair. In this case, it would still be
hard for a country to influence 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 specified 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 five years. As
argued above, it is neither desirable nor feasible that a fixed 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-specific 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 first 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 find 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-specified 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 efficient agreement.

This effect can be further exploited when designing a climate treaty.
If the time horizon of the treaty is a fixed, 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 efficient 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, find 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 find 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
first 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
influence 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.? 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 fine
with a unanimity requirement, short-term agreements should relax
this requirement.

Minimum participation rules

A minimum participation rule specifies 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 specified 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 CO, emissions,
ratified 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 sufficiently 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 Oreffice 2004; Harstad
2006). If a country realizes that unless it ratifies 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 ratified, 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 find 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
first 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 reflected 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 first 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 defines 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



How to negotiate and update climate agreements 291

is no agreement at all rather than the existing agreement; if every
participant can veto a potential entry; and if a specified formula deter-
mines all contribution levels. In these cases, countries may not benefit
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 first stage.

It may be less relevant to define 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 find
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
efficiency-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 benefit 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 difficulty 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 flows are simpler to measure and verify. By subsidizing
trade in abatement technology, one may be able to encourage R&D.
To be specific, all countries may benefit 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 ratification 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.* Relatedly, with a long time horizon, certain
countries may eventually find 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 modification? If the
modification 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 specified 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 specified 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 first 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 benefits of reaching an agree-
ment in the first place. The lesson from this is n#of that agreements
should not be negotiated, but that one should pay attention to the
rules governing the negotiation process.

This chapter has discussed five 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 benefit 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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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”)

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 figure. 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
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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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1 O Metrics for evaluating policy
commitments in a fragmented
world: the challenges of equity
and integrity

CAROLYN FISCHER AND
RICHARD D. MORGENSTERN!

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 insufficient to understand
differences among countries’ policies and their effectiveness. Thus, a
first 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 defined set of guidelines designed to reflect 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-a-vis trading partners. We recommend greater focus on
this measure, but note the difficulty in attributing the marginal costs
of nonmarket-based policies, especially inefficient 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
verification of performance—essentially compliance—and the ex ante
challenges faced by international negotiators in comparing dissimilar
policies and measures. For ex post verification, 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 specific regulatory or voluntary policies are used, the
commitment should be expressed as a transparent, verifiable goal,
such as a fuel efficiency 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
specific 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-
ficult 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 specific 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 specific 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 finance—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 specific 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 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 fulfilled. 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 verifiable,” although the precise meanings of those
terms have yet to be defined (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 verified abroad.?

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
difficult 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 specifics 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 fixed 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 finance, 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 verification, 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 final section offers
recommendations for reform of the current system.

Background

The Berlin Mandate, adopted by parties to the UNFCCC in the first
Conference of the Parties (COP 1), called for the elaboration of poli-
cies and measures and the setting of quantified emissions limitation
and reduction objectives over specific 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 quantified 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 fixed 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
reflected in future emissions targets or in the nature and stringency of
policies that may substitute for fixed 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 specific 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
significant 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 specific 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, benefits,
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 benefits 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:

e pricing carbon emissions and energy (usually differentiated by
sector) through GHG or fuel taxes, cap-and-trade systems for carbon
dioxide (CO,) 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 efficiency 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 financial 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
first exercise is to compare a portfolio of disparate national policies
according to a consistent measure that reflects 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 reflects 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
definitional 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 fixed quantity targets involving emissions
reductions from a specified 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
find 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 difficult 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
fiscal 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-fiscal policies like regulations (market-based or otherwise) and
voluntary programs is often difficult 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, fiscal 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



Metrics for ev